
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

23
2 

74
2

B
1

TEPZZ  ¥ 74 B_T
(11) EP 2 232 742 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
03.08.2016 Bulletin 2016/31

(21) Application number: 08862589.2

(22) Date of filing: 11.12.2008

(51) Int Cl.:
H04W 72/02 (2009.01) H04W 24/00 (2009.01)

(86) International application number: 
PCT/EP2008/067330

(87) International publication number: 
WO 2009/077421 (25.06.2009 Gazette 2009/26)

(54) CARRIER DETECTION

TRÄGERDETEKTION

DÉTECTION DE PORTEUSE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MT NL NO PL PT 
RO SE SI SK TR

(30) Priority: 14.12.2007 GB 0724437

(43) Date of publication of application: 
29.09.2010 Bulletin 2010/39

(73) Proprietor: NVIDIA Technology UK Limited
London
EC4A 3AE (GB)

(72) Inventors:  
• ALLPRESS, Steve

Aztec West Bristol BS32 4AQ (GB)

• LIJOFI, Laolu
Aztec West Bristol BS32 4AQ (GB)

• PRICE, Donal
Aztec West Bristol BS32 4AQ (GB)

(74) Representative: Driver, Virginia Rozanne
Page White & Farrer 
Bedford House 
John Street
London WC1N 2BF (GB)

(56) References cited:  
WO-A-03/063538 WO-A-2007/036869
US-B1- 7 133 380  



EP 2 232 742 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND TO THE INVENTION:

Field of the Invention:

[0001] The present invention is concerned with the de-
tection of carrier signals in a communications system.
The invention is particularly but not exclusively con-
cerned with the detection of carrier signals to enable a
user equipment to make autonomous decisions or for the
preparation of a received signal strength indication report
in a mobile communications system.

Background of the Invention:

[0002] Mobile communication systems in which mobile
communication terminals, such as user equipment (UE)
or mobile stations (MS), communicate with a network in-
frastructure via connections to network elements, such
as to node-Bs or base stations, are well-known.
[0003] In such mobile communication systems, mobile
terminals typically roam and are not fixed in geographical
location. As the mobile terminal roams, there is a need
to adapt the node-B or base station to which a mobile
terminal is connected to ensure that a reliable connection
is maintained.
[0004] It is known in the art for mobile terminals to de-
tect the strength of signals received from one or more
node-Bs or base stations, and compile a report which
may be returned to the network with the detected signal
strength information. Based on this signal strength infor-
mation the network is able to determine which node-B or
base station the mobile terminal should preferably be
connected to.
[0005] It is also known in the art for a full band scan to
be invoked during a user equipment’s cell detection proc-
ess either when the user equipment fails to detect cells
on a list of candidate channels or if it does not have such
a list o candidate channels for a particular band. The
scans comprise a number of successive search phases,
the first of which is usually a so-called received signal
strength indication (RSSI) scan. An RSSI scan identifies
candidate channels and on which to perform further
searches, by estimating the power received on each
channel and detecting local peaks within this power spec-
trum.
[0006] Carrier detection is known, e.g., (from
WO2007/036869, US 7133380 or WO3063538.
[0007] It is highly desirable for RSSI scans to reliably
detect carriers at levels right down to reference sensitiv-
ity, as this minimises the time it can take for a user equip-
ment to register and attach to a serving cell. If a valid cell
is not detected by the RSSI scan it may only be identified
by performing an exhaustive search on every channel
within the band - a process which is computationally ex-
pensive and time consuming.
[0008] A well-performing RSSI scan reduces the need

for exhaustive searches and therefore minimises the time
required by a user equipment to register with a network.
[0009] It is therefore an aim of the invention to provide
an efficient technique for performing an RSSI scan.
[0010] The RSSI scan result is primarily used by the
user equipment to make autonomous decisions.
[0011] In addition, the RSSI scan result may be report-
ed to the network. In UMTS (universal mobile telecom-
munication services) mobile communication systems, it
is therefore also known for user equipment to provide
information on received signal strength to the network by
compiling a RSSI (RSSI) report. The report may be com-
piled in the user equipment based on measurements as-
sociated with the signals received at the mobile terminal,
and then transmitted to the network.
[0012] The transmission of such reports across the
wireless link from the mobile terminal to the network side
uses wireless resources. It is therefore also desirable to
minimise the information necessary to be transmitted
from the mobile terminal to the network side.
[0013] It is therefore a further aim of the invention to
provide an improved technique for the provision of signal
strength information in a communication system, and for
the generation and transmission of a received signal
strength indication report in a UMTS mobile communica-
tion system.

SUMMARY OF THE INVENTION:

[0014] In accordance with the invention there is pro-
vided a method of determining one or more candidate
frequencies for a carrier signal in a received signal, which
method comprises: generating a narrowband spectrum
of the received signal; detecting one or more peaks in
the narrowband spectrum; generating a candidate fre-
quency list, each frequency at which a peak occurs being
included in the candidate frequency list.
[0015] The method further comprises: removing the
detected one or more peaks from the narrowband spec-
trum to generate a modified narrowband spectrum; de-
tecting one or more further peaks in the modified narrow-
band spectrum; and modifying the candidate frequency
list in dependence on the one or more further peaks.
[0016] The step of modifying may comprise adding one
or more further frequencies to the candidate list. The step
of modifying may comprise removing one or more fre-
quencies from the candidate list.
[0017] The method may further comprise transmitting
the candidate list. The method may further comprise
transmitting the narrowband spectrum.
[0018] The candidate list may include a ranking of each
candidate. Said ranking may indicate whether the peak
was identified in the narrowband spectrum or the modi-
fied narrowband spectrum.
[0019] The steps of removing, detecting, and modify-
ing may be repeated iteratively. Said ranking may indi-
cate in which iteration the peak was identified.
[0020] The method may further comprise the step of
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identifying an immediate neighbour of any identified peak
in the candidate list.
[0021] The step of detecting peaks may comprise re-
jecting all peaks that are within a certain number of po-
sitions of a stronger peak.
[0022] The step of removing a detected peak from the
narrowband waveform may comprise replacing the pow-
er for the position of a detected peak with the lowest
narrowband power that was measured for the whole
band.
[0023] The step of removing a detected peak from the
narrowband spectrum may comprise replacing the power
for a number of positions adjacent of a detected peak
with the lowest narrowband power that was measured
for the whole band.
[0024] All detected peaks in the modified narrowband
waveform may be added to the list of detected peaks.
Only detected peaks of the modified narrowband wave-
form that are within a certain number of frequency posi-
tions of a detected peak of the original waveform may be
added to the candidate list. Only detected peaks of the
modified narrowband waveform that are within a certain
power of a detected peak of the modified waveform may
be added to the candidate list.
[0025] Preferably there is provided a computer pro-
gram for performing the method.
[0026] The invention also provides an apparatus for
determining one or more candidate frequencies for a car-
rier signal in a received signal, comprising: a spectrum
estimation block adapted to estimate a narrowband spec-
trum of the received signal; a carrier detection block
adapted to: detect one or more peaks in the narrowband
spectrum; and generate a candidate frequency list, each
frequency at which a peak is detected being included in
the candidate frequency list.
[0027] The carrier detection block is further adapted
to: remove the detected one or more peaks from the nar-
rowband spectrum to generate a modified narrowband
spectrum; detect one or more further peaks in the mod-
ified narrowband spectrum; and modify the candidate fre-
quency list in dependence on the one or more further
peaks.

BRIEF DESCRIPTION OF THE FIGURES:

[0028] For a better understanding of the present inven-
tion, and to show how the same may be carried into effect,
reference will now be made by way of example to the
accompanying drawings in which:

Fig. 1 illustrates in block diagram form the main func-
tion elements required for generation of an RSSI re-
port in accordance with a preferred arrangement;

Fig. 2 is a flowchart illustrating the steps for gener-
ating a narrowband power spectrum in accordance
with a preferred arrangement;

Fig. 3 is a flow diagram illustrating the steps for gen-
erating information for an RSSI report in accordance
with a preferred arrangement;

Fig. 4 illustrates the steps necessary for converting
spectrum information in accordance with a preferred
arrangement; and

Fig. 5 illustrates schematically a communication sys-
tem in which preferred arrangements may be imple-
mented.

DESCRIPTION OF PREFERRED EMBODIMENTS:

[0029] The invention is described herein by way of pre-
ferred arrangements in the context of a UMTS commu-
nications system in which a user equipment compiles a
received signal strength indication report, which may be
transmitted to the network, for cell detection purposes.
The invention is not, however, limited to specific aspects
of the arrangements as discussed herein. One skilled in
the art will appreciate the broader applicability of the in-
vention from an understanding of the exemplary arrange-
ments described herein. In particular the invention is not
limited to a UMTS communications system, details of
which are presented herein merely to illustrate an imple-
mentation of the invention for a better understanding
thereof.
[0030] In addition in the following discussion only those
elements of a mobile communication system which are
necessary for an understanding of the invention are de-
scribed. The general architecture and implementation of
a mobile communication system in accordance with
UMTS standards will be well understood by one skilled
in the art.
[0031] The main functional elements of a UMTS user
equipment for implementing a received signal strength
indication scan and cell detection in accordance with pre-
ferred arrangements is illustrated in Fig. 1.
[0032] As can be seen from Fig. 1, the RSSI scan and
cell detection functionality is generally identified by ref-
erence numeral 100. The functionality includes a radio
receiver block 102, an analogue-to-digital converter
(ADC) 104, an automatic gain controller (AGC) 106, a
buffer 108, a spectrum estimation block 110, a carrier
detection block 112, a log conversion block 114, and a
report compiler block 116.
[0033] In general, in accordance with arrangements of
the invention the functional elements of Fig. 1 receive
raw ADC samples from the radio receiver, in order to
produce an RSSI spectrum. In accordance with preferred
arrangements, the RSSI spectrum includes estimates of
the received signal strength indication for each UTRA
(universal terrestrial radio access) absolute RF (radio fre-
quency) channel number, known as UARCN in UMTS,
within a scan. In general, this can be considered to be
estimates of the received signal strength information, de-
tected at the mobile terminal, for each frequency on which
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a carrier may be provided. Each such frequency repre-
sents a candidate carrier.
[0034] In addition the RSSI spectrum includes a "rank-
ing flag" for each UARFCN, or more generally for each
frequency on which a carrier may be provided. The "rank-
ing flag" indicates whether a carrier is likely to be present
on that channel. The implementation of this technique is
now further discussed.
[0035] With further reference to Fig. 1, the radio receiv-
er block 102 receives radio signals on a connection in-
dicated by line 138, representing radio signals received
onto an antenna of the radio receiver. The radio receiver
block 102 provides front-end processing of received sig-
nals to generate signals on line 118 as an input to the
ADC 104. The digital samples generated by the ADC 104
are output on line 120 to the buffer 108, which stores
such samples. The samples in the buffer 108 are provid-
ed on line 122 to the AGC 106. The AGC 106 operates
in dependence upon such samples to provide gain con-
trol information on line 124 which forms an input to the
radio receiver block 102. The operation of the radio re-
ceiver block 102, the ADC 104, the buffer 108 and the
AGC 106 are in accordance with techniques well-known
to one skilled in the art.
[0036] The spectrum estimation block 110 receives the
stored samples in the buffer 108 on line 126. The spec-
trum estimation block, which will be described further
herein below with reference to Fig. 2, provides an output
on line 128 to the carrier detection block 112. The carrier
detection block 112, which will be described further here-
in below with reference to Fig. 3, provides an output on
line 132 to the report compiler block 116, and an output
on line 130 to the log conversion block 114. The log con-
version block 114, which will be described further herein
below with reference to Fig. 4, provides an output on line
134 to the report compiler block 116. The report compiler
block 116 generates an output on line 136 in dependence
upon the inputs on lines 132 and 134 as will be discussed
in further detail herein below.
[0037] The spectrum estimation block 110 preferably
produces a narrowband estimate of the power as re-
ceived on each UARFCN. The spectrum estimation block
partitions a scan of the received radio signal, stored in
the buffer, into blocks of UARFCNs. In a UMTS system,
the bandwidth of the baseband signals that are input to
the ADC 104 is covered by a certain number of channels.
Thus in a preferred arrangement the spectrum estimation
block partitions the scan into blocks of the appropriate
number of UARFCNs. For each block, the radio is pro-
grammed to the central UARFCN, AGC lock is acquired,
and an FFT-based algorithm is used to compute the pow-
ers received on all UARFCNs within the block. The results
from all blocks are then collated to produce the narrow-
band power spectrum. This is now described further with
reference to Fig. 2.
[0038] With reference to Fig. 2, in a step 202 the spec-
trum estimation block 110 receives a block of a certain
number of UARFCNs from the buffer 108 on line 126.

[0039] In a step 204, the spectrum estimation block
110 programmes the radio to the middle UARFCN of the
block. This step also involves acquiring AGC lock. Such
steps are familiar to one skilled in the art.
[0040] In step 206 an FFT (Fast Fourier transform) is
performed.
[0041] In step 208 the squares of the magnitudes of
each FFT bin are computed and summed.
[0042] The FFT is performed for consecutive blocks of
ADC sample data, each block being processed in ac-
cordance with steps 204, 206 and 208.
[0043] In the preferred arrangement, the computation
and summation takes place over one WCDMA (wideband
code division multiple access) timeslot. The size of a
timeslot may vary in dependence on the implementation.
[0044] In a step 210 it is determined whether all blocks
for the WCDMA timeslot have been processed. If there
are still blocks to be processed, then the process returns
to step 202, and steps 204, 206 and 208 are repeated
for subsequent blocks. The calculated FFT bins are also
stored in step 208.
[0045] If in step 210 it is determined that all blocks for
the WCDMA timeslot have been processed, then in step
212 there is calculated, for the WCDMA timeslot, the sum
of the squares of the magnitudes of each FFT bin, cal-
culated in step 208 for successive FFT bins, for the WCD-
MA timeslot.
[0046] In a step 214, the FFT summed outputs are con-
verted into a floating point format. The conversion into
floating point format is discussed further herein below,
but will be familiar to one skilled in the art.
[0047] In a step 220, the powers that are generated by
summing the FFT outputs over one slot and provided
after step 214 are multiplied by a "power per LSB" factor.
This factor defines the absolute gain of the receiver dur-
ing the slot.
[0048] The ’power per LSB’ factor is provided by, in a
step 216, determining the absolute gain of the receiver
during the WCDMA timeslot for which the FFT outputs
have been summed. In the preferred arrangement this
factor is provided in dBm form from the radio receiver
block 102, and is converted to a linear factor by normal-
ising to a predetermined reference level.
[0049] Referring again to Fig. 2, the absolute gain de-
termined in step 216 is then converted in step 218 to a
floating point format, in a step consistent with that of step
214. The floating point versions of the summed FFTs for
the timeslot, and the absolute gain for the timeslot, pro-
vided respectively by steps 214 and 218, are then mul-
tiplied in step 220. The result of the multiplication is then
also stored in step 220.
[0050] As a result for each timeslot there is provided a
sum of the squares of a sequence of FFTs with an ad-
justed gain.
[0051] The thus adjusted FFTs for a given timeslot are
then further summed over WCDMA frame periods. Thus
in a step 222 it is determined whether the appropriate
number of frame periods has been reached. If not, then
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the step 220 is repeated for subsequent WCDMA times-
lots. If in step 222 it is determined that the appropriate
number of frame periods has been reached, then in step
224 the summation over the multiple WCDMA frame pe-
riods is implemented. Timeslots may be summed over
one or more frames.
[0052] Thereafter, in a step 226, DC offset correction
takes place. The ADC samples provided by ADC block
104 typically have a small DC component which typically
raises the power in the 0 Hz FFT bin. This produces
spikes in the combined RSSI spectrum at a period that
is equal to the UARFCN block size. Whilst the spikes are
smoothed in the subsequent matched RSSI filter imple-
mented in the carrier detection block 112, they can result
in degradation of the carrier detection function. Thus the
removal of the DC offset is preferable. One skilled in the
art will understand the principles of DC offset correction
and be able to provide a suitable implementation in ac-
cordance with the objectives to be achieved and the im-
plementation of other elements of the functionality.
[0053] After DC offset correction in step 226, in step
228 interpolation takes place. The purpose of the inter-
polation is to produce narrowband estimates of the pow-
ers received.
[0054] After interpolation in step 228, in a final step 230
the FFT outputs are collated to produce the narrowband
power spectrum.
[0055] Thus, as described with reference to a preferred
arrangement in Fig. 2, the spectrum estimation block 110
provides at its output on line 128 a narrowband power
spectrum. Fig. 2 describes a particularly preferred ar-
rangement for determination of the narrowband power
spectrum.
[0056] The invention is not limited to this particularly
preferred arrangement. Other arrangements for gener-
ating a narrowband power spectrum may be utilised.
However the arrangement set forth with reference to Fig.
2 offers particular advantages.
[0057] In the arrangement of Figure 2, for spectrum
estimation, the UARFCN’s of the described UMTS im-
plementation are portioned into blocks which do not nec-
essarily coincide with the UARFCNs. This allows efficien-
cy gains. The size of the clocks and channel spacings
may be readily adapted to other systems.
[0058] In general, there are various ways in which the
power spectrum may be computed, the process of Figure
2 being illustrative of a particularly advantageous tech-
nique. The technique is advantageous in minimising de-
tection time. The technique advantageously splits the
spectrum into blocks of channels which are not neces-
sarily aligned with the channel raster. Thus the spectrum
may be split into blocks of channels independently of the
channel raster.
[0059] The narrowband power spectrum on line 128
forms an input to the carrier detection block 112. The
operation of a preferred arrangement of the carrier de-
tection block 112 is now described with reference to Fig.
3.

[0060] In general, the carrier detection block 112 ap-
plies a matched RSSI filter to the narrowband power
spectrum to produce the RSSI spectrum, and then ap-
plies a peak detection function to generate a list of po-
tential carrier frequencies. A rejection process, which
may be implemented as an algorithm, removes spurious
peaks from the list. In an optional following iterative proc-
ess, the contributions of the detected carriers are re-
moved from the narrowband power spectrum, and the
RSSI filter and peak detection function are reapplied to
identify any carriers to add to, or remove from, the list.
[0061] With reference to Fig. 3, in a step 302 the carrier
detection block 112 receives the narrowband power
spectrum provided by the spectrum estimation block 110,
preferably in accordance with the techniques of Figure 2.
[0062] In a step 304, a filtering operation takes place.
The filtering operation comprises filtering of the narrow-
band power spectrum with a matched RSSI filter to pro-
duce the RSSI spectrum.
[0063] In a step 306, the RSSI spectrum is then
scanned to identify peaks therein. An appropriate peak
detection function, as known in the art, is utilised to gen-
erate a list of peaks, the carriers at which such peaks
occur being identified as "primary" candidate carriers.
[0064] The peak detection function preferably search-
es the RSSI spectrum for local maxima. On detection of
local maxima, the peak detection function may reject all
peaks that are within a certain number of channel posi-
tions of a stronger peak.
[0065] Preferably no amplitude thresholds are used in
identifying carrier frequencies, so the peak detection
function is tolerant to changes in the noise floor. However
the absence of threshold testing may result in scans pro-
ducing a number of false detections.
[0066] In a step 308, the identified peaks, or the carriers
associated with such peaks, are stored.
[0067] The arrangement may involve an iterative proc-
ess. If an iterative process is applied, then in a step 310
it is determined whether the iterative process is complete.
If the iterative process is not complete, then the process
proceeds to step 312.
[0068] In step 312, the detected and stored peaks are
removed from the narrowband power spectrum, to gen-
erate a modified narrowband power spectrum.
[0069] The carrier removal function of step 312 pref-
erably removes the contributions of the carriers associ-
ated with detected peaks from the narrowband power
spectrum by replacing the power values for those carrier
positions with the lowest narrowband power that was
measured for the whole band. In a particularly preferred
arrangement, the power values are replaced on the car-
rier associated with a detected peak as well as carriers
adjacent to that position, for example plus or minus a
certain number of positions about the centre frequency
of a detected peak.
[0070] In a step 314, the modified narrowband power
spectrum is then filtered with the matched RSSI filter to
produce a modified RSSI spectrum.
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[0071] In a step 316 peaks of the modified RSSI spec-
trum are detected. An appropriate peak detection func-
tion is used. The process then returns to step 308, and
the peaks detected in step 316 are stored. In step 310 it
is again determined whether the iterative process is com-
plete, and if not the steps 312, 314 and 316 are repeated.
[0072] When it is determined in step 310 that the iter-
ative process is complete, then in a step 318 the peaks
stored in the process, or the candidate carrier frequen-
cies associated with such peaks are ranked.
[0073] It should be noted that as a result of the iterative
process multiple sets of peaks are detected. The initial
set of peaks detected may be considered to be the "pri-
mary" carriers, and the second set of peaks detected
may be considered to be the "secondary" carriers etc.
[0074] The termination of the iterative process in step
310 may be controlled in a number of ways. In one ar-
rangement there may be a preset number of iterations
through which the process flows. In a more sophisticated
arrangement, the iterative process may stop when on
any given iteration no changes to the list of stored peaks
are detected.
[0075] In a preferred arrangement, in step 318 a rank-
ing function flags the UARFCNs (i.e. the candidate fre-
quencies) associated with the detected peaks as likely
carrier frequencies, and also flags the immediate neigh-
bours of the UARFCNs associated with the peaks as like-
ly carrier frequencies.
[0076] The generation of the carrier lists, and the as-
sociated rankings, in step 318 may be achieved in a
number of different ways.
[0077] In one arrangement, all peaks detected on any
iteration may be included in a list of potential candidate
frequencies.
[0078] In another arrangement, only candidate fre-
quencies which are outside a certain distance of a can-
didate frequency position identified in the first iteration
may be retained. For example, only candidate frequen-
cies identified in a second iteration that are not within a
certain number of positions of a candidate frequency
identified in the first iteration, having a stronger peak,
may be added to the primary list. In a particular preferred
arrangement, the preferred position distance may be plus
or minus a certain number of channels.
[0079] In a further modification, an additional require-
ment may be that any primary candidate frequency that
is at least a certain amount, e.g. X dB, weaker than a
secondary candidate frequency within a defined number
of positions (e.g. plus or minus 23 UARFCNs) may be
removed from the list of candidate frequencies.
[0080] Preferably each candidate frequency that is as-
sociated with a stored peak is marked by an attribute that
records the number of iterations after which the peak
associated with the frequency was detected. This at-
tribute provides a "confidence" measure for each carrier,
which may be considered to be a ranking. Detections
from earlier iterations may be considered to be more re-
liable than those from later iterations.

[0081] The candidate frequencies detected in the first
iteration are considered to be the primary list of carriers.
For each carrier in the primary list, the ranking function
also may mark as candidate frequencies the UARFCNs
at a certain number of positions either side of the candi-
date frequencies. The number of carrier positions either
side of a carrier associated with a detected peak which
are considered as candidate frequencies may be de-
pendent upon the number of iterations at which the peak
was detected. The number of carrier positions either side
of the carrier position of a detected peak may increase
or decrease as the number of iterations at which that
peak was detected increases.
[0082] Thus the described arrangement provides for a
number of carrier candidate frequency lists to be gener-
ated, which may be combined, with each carrier in the
combined carrier list being accorded a ranking according
to the number of iterations taken to identify the peak.
[0083] Referring to Fig. 1, the filtered RSSI spectrum
on line 130 and the list of carrier positions, with ranking
information, on line 132 my be used internally within the
user equipment for autonomous decisions.
[0084] Referring to Fig. 1, the carrier detection block
112 also provides the list of carrier positions, and asso-
ciated rankings, on line 132 to the report compiler block
116. In addition the carrier detection block 112 provides
the RSSI spectrum, generated by filtering step 304 of
Fig. 3, on line 130 to the log conversion block 114. The
operation of the log conversion block 114 will now be
described with reference to Fig. 4.
[0085] The log conversion block translates the linear
RSSI spectrum into dBm form for the RSSI report, ad-
justing for the gains in the various processing blocks and
the reference level used when converting the "power per
LSB" parameter to linear form.
[0086] In a step 402, the RSSI spectrum is divided by:
the power gain of the FFT in the spectrum estimation
block 110; the slot integration; the summation over mul-
tiple slots (N, N being the number of slots); and the in-
terpolation function of the spectrum estimation block 110
(3).
[0087] The result of this division is then converted to
an integer in step 404.
[0088] In a step 406 the powers are then converted to
log form. In a step 408 a new reference level is then
added to the log form to generate the RSSI values in
units of dBm.
[0089] The thus converted RSSI spectrum is provided
on line 134 to the report compiler block 116. The report
compiler block 116 compiles the RSSI report, in depend-
ence upon the inputs on line 132 and 134. The compiled
RSSI report, which is compiled in accordance with tech-
niques familiar to one skilled in the art, is then transmitted
from the mobile terminal to the network, again in accord-
ance with techniques familiar to one skilled in the art.
[0090] The information contained in the RSSI report is
the RSI spectrum, and the list of candidate carrier fre-
quencies and, optionally, the rankings of such locations.
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[0091] Reference is made hereinabove to floating point
arithmetic. Due to the large dynamic range of the power
estimates, it is not possible to maintain 32-bit integer
arithmetic throughout the processing chain. A custom
floating point type is therefore preferably defined to sup-
port a greater dynamic range. The custom floating point
type is preferably a 32-bit word with two bit fields: a 16-
bit signed mantissa and a 16-bit signed exponent. The
16-bit precision for the mantissa is sufficient for the range
of data that is combined in any summation operation, and
the mantissas can be readily multiplied without need for
carry logic. The techniques of the preferred arrange-
ments described herein offer a number of benefits and
advantages.
[0092] The arrangement provides the ability to resolve
closely positioned carriers. This is a result of being narrow
resolution bandwidth used by the spectrum estimation
block.
[0093] The arrangements provide for short scan times
and high detection performance at low signal levels.
These benefits result from the use of an efficient FFT-
based algorithm for computing the RSSI spectrum. The
low computational costs allow scan times to be mini-
mised, and the integration times of power measurements
to be increased.
[0094] The arrangements provide for a low probability
of false detection, and resilience against problems where
one carrier can swamp or bias a neighbouring carrier.
These benefits result from the rejection process and the
iterative process utilised in the carrier detection block.
[0095] With reference to Fig. 5, there is illustrated a
mobile communication environment in which arrange-
ments of the present invention may be implemented.
[0096] Fig. 5 illustrates a mobile terminal 502, and a
wireless network generally denoted by reference 504.
The wireless network 504 provides wireless coverage by
way of a cellular system, whereby a plurality of base sta-
tions or node-Bs, such as node-Bs 508 and 510, each
provide radio coverage over a defined cell. Thus node-
B 508 provides radio coverage over cell 512, and node-
B 510 provides radio coverage over cell 514. The mobile
terminal 502 communicates with ones of the node-Bs
508 and 510, and other node-Bs, by way of a wireless
interface 506. The techniques described in accordance
with the arrangements disclosed in this description are
implemented in the mobile terminal 502 for compiling an
RSSI report. The RSSI report is transmitted by the mobile
terminal 502 to the network via the node-B with which
the mobile terminal is currently connected. This RSSI
report may include information regarding the strengths
of signal carriers received from multiple node-Bs, for ex-
ample from node-Bs 508 and 510. The network then de-
termines whether the node-B to which the mobile terminal
is connected should be changed.
[0097] The foregoing description has described what
is considered to be the preferred arrangement for imple-
menting the invention. The invention is not limited to spe-
cific arrangements, including apparatus and process

steps, set forth in this description. Those skilled in the art
will recognise that the invention has a broad range of
applications, and that the described arrangements sub-
mit of a wide range of further modifications and applica-
tions. The scope of the invention is determined by the
appended claims.

Claims

1. A method of determining one or more candidate fre-
quencies for a carrier signal in a received signal,
which method comprises:

generating a narrowband power spectrum of the
received signal;
detecting one or more peaks in the narrowband
power spectrum; and
generating a candidate frequency list, each fre-
quency at which a peak occurs being included
in the candidate frequency list, characterised
by
removing the detected one or more peaks from
the narrowband power spectrum to generate a
modified narrowband power spectrum;
detecting one or more further peaks in the mod-
ified narrowband power spectrum; and
modifying the candidate frequency list in de-
pendence on the one or more further peaks.

2. The method of claim 1 wherein the step of modifying
comprises adding one or more further frequencies
to the candidate list.

3. The method of claim 1 or claim 2 wherein the step
of modifying comprises removing one or more fre-
quencies from the candidate list.

4. The method of any preceding claim further compris-
ing transmitting the candidate list.

5. The method of claim 4 further comprising transmit-
ting the narrowband power spectrum.

6. The method of any preceding claim wherein the can-
didate list includes a ranking of each candidate.

7. The method of claim 6 wherein said ranking indicates
whether the peak was identified in the narrowband
power spectrum or the modified narrowband power
spectrum.

8. The method according to any one of claim 1 to 7
wherein the steps of removing, detecting, and mod-
ifying are repeated iteratively.

9. The method of claim 8 when dependent on claim 7
wherein said ranking indicates in which iteration the
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peak was identified.

10. The method of any preceding claim further compris-
ing the step of identifying an immediate neighbour
of any identified peak in the candidate list.

11. The method according to any preceding claim,
wherein the step of detecting peaks comprises re-
jecting all peaks that are within a certain number of
positions of a stronger peak.

12. The method according to any one of claims 1 to 11
wherein the step of removing a detected peak from
the narrowband waveform comprises replacing the
power for the position of a detected peak with the
lowest narrowband power that was measured for the
whole band.

13. The method according to claim 12 wherein the step
of removing a detected peak from the narrowband
power spectrum comprises replacing the power for
a number of positions adjacent of a detected peak
with the lowest narrowband power that was meas-
ured for the whole band.

14. The method according to any one of claims 1 to 13
wherein all detected peaks in the modified narrow-
band waveform are added to the list of detected
peaks.

15. The method according to any one of claims 1 to 13
wherein only detected peaks of the modified narrow-
band waveform that are within a certain number of
frequency positions of a detected peak of the original
waveform are added to the candidate list.

16. The method according to any one of claims 1 to 13
wherein only detected peaks of the modified narrow-
band waveform that are within a certain power of a
detected peak of the modified waveform are added
to the candidate list.

17. A computer program for performing the method of
any one of claims 1 to 16.

18. An apparatus for determining one or more candidate
frequencies for a carrier signal in a received signal,
comprising:

a spectrum estimation block (110) adapted to
estimate a narrowband power spectrum of the
received signal;
a carrier detection block (112) adapted to:

detect one or more peaks in the narrowband
power spectrum;
generate a candidate frequency list, each
frequency at which a peak is detected being

included in the candidate frequency list
characterised in that said carrier detection
block is further adapted to: remove the de-
tected one or more peaks from the narrow-
band power spectrum to generate a modi-
fied narrowband power spectrum;
detect one or more further peaks in the mod-
ified narrowband power spectrum; and
modify the candidate frequency list in de-
pendence on the one or more further peaks.

Patentansprüche

1. Verfahren zum Bestimmen einer oder mehrerer Kan-
didatenfrequenzen für ein Trägersignal in einem
empfangenen Signal, wobei das Verfahren Folgen-
des umfasst:

Erzeugen eines Schmalband-Leistungsspekt-
rums des empfangenen Signals;
Erfassen eines oder mehrerer Peaks in dem
Schmalband-Leistungsspektrum und
Erzeugen einer Kandidatenfrequenzliste, wobei
jede Frequenz, bei der ein Peak auftritt, in die
Kandidatenfrequenzliste aufgenommen wird,
gekennzeichnet durch
Löschen des erfassten einen oder der erfassten
mehreren Peaks aus dem Schmalband-Leis-
tungsspektrum, um ein modifiziertes Schmal-
band-Leistungsspektrum zu erzeugen;
Erfassen eines oder mehrerer weiterer Peaks in
dem modifizierten Schmalband-Leistungsspek-
trum und
Modifizieren der Kandidatenfrequenzliste in Ab-
hängigkeit von dem einen weiteren oder den
mehreren weiteren Peaks.

2. Verfahren nach Anspruch 1, wobei der Schritt des
Modifizierens das Hinzufügen einer oder mehrerer
weiterer Frequenzen zu der Kandidatenliste um-
fasst.

3. Verfahren nach Anspruch 1 oder 2, wobei der Schritt
des Modifizierens das Löschen einer oder mehrerer
Frequenzen aus der Kandidatenliste umfasst.

4. Verfahren nach einem vorhergehenden Anspruch,
das weiterhin das Übertragen der Kandidatenliste
umfasst.

5. Verfahren nach Anspruch 4, das weiterhin das Über-
tragen des Schmalband-Leistungsspektrums um-
fasst.

6. Verfahren nach einem vorhergehenden Anspruch,
wobei die Kandidatenliste einen Rang jedes Kandi-
daten beinhaltet.
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7. Verfahren nach Anspruch 6, wobei der Rang anzeigt,
ob der Peak in dem Schmalband-Leistungsspektrum
oder dem modifizierten Schmalband-Leistungs-
spektrum identifiziert wurde.

8. Verfahren nach einem der Ansprüche 1 bis 7, wobei
die Schritte des Löschens, des Erfassens und des
Modifizierens iterativ wiederholt werden.

9. Verfahren nach Anspruch 8 bei Abhängigkeit von
Anspruch 7, wobei der Rang anzeigt, in welcher Ite-
ration der Peak identifiziert wurde.

10. Verfahren nach einem vorhergehenden Anspruch,
das weiterhin den Schritt des Identifizierens eines
unmittelbaren Nachbarn eines beliebigen identifi-
zierten Peaks in der Kandidatenliste umfasst.

11. Verfahren nach einem vorhergehenden Anspruch,
wobei der Schritt des Erfassens von Peaks das Aus-
sortieren aller Peaks umfasst, die innerhalb einer be-
stimmten Anzahl von Positionen eines stärkeren
Peaks vorliegen.

12. Verfahren nach einem der Ansprüche 1 bis 11, wobei
der Schritt des Löschens eines erfassten Peaks aus
der Schmalband-Wellenform das Ersetzen der Leis-
tung für die Position eines erfassten Peaks durch die
niedrigste Schmalband-Leistung, die für das gesam-
te Band gemessen wurde, umfasst.

13. Verfahren nach Anspruch 12, wobei der Schritt des
Löschens eines erfassten Peaks aus der Schmal-
band-Wellenform das Ersetzen der Leistung für eine
Anzahl von Positionen, die an einen erfassten Peak
angrenzen, durch die niedrigste Schmalband-Leis-
tung, die für das gesamte Band gemessen wurde,
umfasst.

14. Verfahren nach einem der Ansprüche 1 bis 13, wobei
alle erfassten Peaks in der modifizierten Schmal-
band-Wellenform zu der Liste erfasster Peaks hin-
zugefügt werden.

15. Verfahren nach einem der Ansprüche 1 bis 13, wobei
nur erfasste Peaks der modifizierten Schmalband-
Wellenform, die innerhalb einer bestimmten Anzahl
von Frequenzpositionen eines erfassten Peaks der
ursprünglichen Wellenform liegen, zu der Kandida-
tenliste hinzugefügt werden.

16. Verfahren nach einem der Ansprüche 1 bis 13, wobei
nur erfasste Peaks der modifizierten Schmalband-
Wellenform, die innerhalb einer bestimmten Leis-
tung eines erfassten Peaks der modifizierten Wel-
lenform liegen, zu der Kandidatenliste hinzugefügt
werden.

17. Computerprogramm zum Durchführen des Verfah-
rens nach einem der Ansprüche 1 bis 16.

18. Vorrichtung zum Bestimmen einer oder mehrerer
Kandidatenfrequenzen für ein Trägersignal in einem
empfangenen Signal, wobei die Vorrichtung Folgen-
des umfasst:

einen Spektreneinschätzungsblock (110), der
dazu eingerichtet ist, ein Schmalband-Leis-
tungsspektrum des empfangenen Signals ein-
zuschätzen;
einen Trägererfassungsblock (112), der zu Fol-
gendem eingerichtet ist:

Erfassen eines oder mehrerer Peaks in dem
Schmalband-Leistungsspektrum;
Erzeugen einer Kandidatenfrequenzliste,
wobei jede Frequenz, bei der ein Peak er-
fasst wird, in die Kandidatenfrequenzliste
aufgenommen wird, dadurch gekenn-
zeichnet, dass der Trägererfassungsblock
weiterhin zu Folgendem eingerichtet ist:
Löschen des erfassten einen oder der er-
fassten mehreren Peaks aus dem Schmal-
band-Leistungsspektrum, um ein modifi-
ziertes Schmalband-Leistungsspektrum zu
erzeugen;
Erfassen eines oder mehrerer weiterer
Peaks in dem modifizierten Schmalband-
Leistungsspektrum und
Modifizieren der Kandidatenfrequenzliste in
Abhängigkeit von dem einen weiteren oder
den mehreren weiteren Peaks.

Revendications

1. Un procédé destiné à déterminer une ou plusieurs
fréquences candidates pour un signal de porteuse
dans un signal reçu, lequel procédé consiste à :

générer un spectre de puissance à bande étroite
du signal reçu ;
détecter un ou plusieurs pics dans le spectre de
puissance à bande étroite ; et
générer une liste de fréquences candidates,
chaque fréquence à laquelle un pic se présente
étant inclus dans la liste des fréquences candi-
dates, caractérisé par le fait de
supprimer le ou les pics détectés du spectre de
puissance à bande étroite pour générer un spec-
tre de puissance à bande étroite modifiée ;
détecter un ou plusieurs autres pics dans le
spectre de puissance à bande étroite modifiée ;
et
modifier la liste des fréquences candidates en
fonction du ou des autres pics.
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2. Le procédé selon la revendication 1 dans lequel l’éta-
pe de modification consiste à ajouter une ou plu-
sieurs autres fréquences à la liste des candidates.

3. Le procédé selon la revendication 1 ou la revendi-
cation 2 dans lequel l’étape de modification consiste
à supprimer une ou plusieurs fréquences de la liste
des candidates.

4. Le procédé selon l’une quelconque des revendica-
tions précédentes consistant en outre à émettre la
liste des candidates.

5. Le procédé selon la revendication 4 consistant en
outre à émettre le spectre de puissance à bande
étroite.

6. Le procédé selon l’une quelconque des revendica-
tions précédentes dans lequel la liste des candidates
inclut un classement de chaque candidate.

7. Le procédé selon la revendication 6 dans lequel ledit
classement indique si le pic était identifié dans le
spectre de puissance à bande étroite ou dans le
spectre de puissance à bande étroite modifiée.

8. Le procédé selon l’une quelconque des revendica-
tions 1 à 7 dans lequel les étapes de suppression,
de détection et de modification sont répétées de ma-
nière itérative.

9. Le procédé selon la revendication 8 en fonction de
la revendication 7 dans lequel ledit classement indi-
que dans quelle itération le pic était identifié.

10. Le procédé selon l’une quelconque des revendica-
tions précédentes comprenant en outre l’étape con-
sistant à identifier un voisin immédiat d’un pic iden-
tifié quelconque dans la liste des candidates.

11. Le procédé selon l’une quelconque des revendica-
tions précédentes, dans lequel l’étape de détection
des pics consiste à rejeter tous les pics qui sont com-
pris dans un certain nombre de positions d’un pic
plus fort.

12. Le procédé selon l’une quelconque des revendica-
tions 1 à 11 dans lequel l’étape de suppression d’un
pic détecté de la forme d’onde à bande étroite con-
siste à remplacer la puissance pour la position d’un
pic détecté par la puissance à bande étroite la plus
faible qui a été mesurée pour toute la bande.

13. Le procédé selon la revendication 12 dans lequel
l’étape de suppression d’un pic détecté du spectre
de puissance à bande étroite consiste à remplacer
la puissance pour un certain nombre de positions
adjacentes d’un pic détecté par la puissance à bande

étroite la plus faible qui a été mesurée pour toute la
bande.

14. Le procédé selon l’une quelconque des revendica-
tions 1 à 13 dans lequel tous les pics détectés dans
la forme d’onde à bande étroite modifiée sont ajoutés
à la liste des pics détectés.

15. Le procédé selon l’une quelconque des revendica-
tions 1 à 13 dans lequel seuls les pics détectés de
la forme d’onde à bande étroite modifiée qui sont
compris dans un certain nombre de positions de fré-
quence d’un pic détecté de la forme d’onde d’origine
sont ajoutés à la liste des candidates.

16. Le procédé selon l’une quelconque des revendica-
tions 1 à 13 dans lequel seuls les pics détectés de
la forme d’onde à bande étroite modifiée qui sont
compris dans une certaine puissance d’un pic dé-
tecté de la forme d’onde modifiée sont ajoutés à la
liste des candidates.

17. Un programme informatique destiné à exécuter le
procédé selon l’une quelconque des revendications
1 à 16.

18. Un appareil destiné à déterminer une ou plusieurs
fréquences candidates pour un signal de porteuse
dans un signal reçu, comprenant :

un bloc d’estimation de spectre (110) adapté
pour estimer un spectre de puissance à bande
étroite du signal reçu ;
un bloc de détection de porteuse (112) adapté
pour :

détecter un ou plusieurs pics dans le spec-
tre de puissance à bande étroite ;
générer une liste de fréquences candidates,
chaque fréquence à laquelle un pic est dé-
tecté étant incluse dans la liste des fréquen-
ces candidates, caractérisé en ce que ledit
bloc de détection de porteuses est adapté
en outre pour :
supprimer le ou les pics détectés du spectre
de puissance à bande étroite pour générer
un spectre de puissance à bande étroite
modifiée ;
détecter un ou plusieurs autres pics dans le
spectre de puissance à bande étroite
modifiée ; et
modifier la liste des fréquences candidates
en fonction du ou des autres pics.
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