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(54) Local network timing reference signal

(57) A method of adjusting a local network timing ref-
erence signal generated by end-user wireless telecom-
munications equipment, a computer program product
and end-user wireless telecommunications equipment
are disclosed. The method comprises the steps of: ex-
tracting a data sequence transmitted wirelessly from a
base station, the data sequence being transmitted in syn-
chronisation with a base station network timing reference
signal; comparing the data sequence with a matching
local data sequence generated in synchronisation with
the local network timing reference signal to generate a
timing misalignment signal representative of a difference
in timing between the base station network timing refer-

ence signal and the local network timing reference signal;
and utilising the timing misalignment signal to adjust the
local network timing reference signal to reduce misalign-
ment with the base station network timing reference sig-
nal. Because the data sequence from the base station is
synchronised with a network timing reference signal pro-
vided by the base station and because the data sequence
provided locally is in synchronisation with a network tim-
ing reference signal provided locally, it is possible to com-
pare the two data sequences to determine any timing
misalignment between the two data sequences and a
correction of the local timing signal can be made without
the need to send a dedicated timing correction signal.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method of
adjusting a local network timing reference signal gener-
ated by end-user wireless telecommunications equip-
ment, a computer program product and end-user wire-
less telecommunications equipment.

BACKROUND OF THE INVENTION

[0002] In a wireless telecommunications system it is
necessary, typically for regulatory and performance rea-
sons, to ensure accurate timing of wireless transmis-
sions. For example, in a wireless communications net-
work defined by the Third Generation Partnership Project
(3GPP), transmitting equipment within the network need
to ensure accurate timing, not only to ensure that trans-
missions occur at the correct time, but also to ensure that
transmissions occur within specified frequency bands.
For macro base stations these timing requirements are
relatively strict, but achievement of those timing require-
ments is possible due to the dedicated backhaul infra-
structure coupling those macro base stations with man-
agement and administration equipment of the network
over which updates to a timing reference signal gener-
ated within the macro base station can be provided. For
user equipment, accurate timing is achieved by providing
timing control information which transmitted frequently
by the macro base stations to the user equipment during
active communication to adjust a reference timing signal
generated within the user equipment. Following the ad-
vent of so-called pico or femto based stations, a network
timing server was provided which periodically transmits
a network timing signal over the internet protocol (IP)
backhaul to those pico or femto base stations to help
ensure that their timing reference signal remains suffi-
ciently accurate.
[0003] It is desired to provide an improved technique
for providing a local network timing reference signal.

SUMMARY OF THE INVENTION

[0004] According to a first aspect of the present inven-
tion, there is provided a method of adjusting a local net-
work timing reference signal generated by end-user wire-
less telecommunications equipment, the method com-
prising the steps of: extracting a data sequence trans-
mitted wirelessly from a base station, the data sequence
being transmitted in synchronisation with a base station
network timing reference signal; comparing the data se-
quence with a matching local data sequence generated
in synchronisation with the local network timing reference
signal to generate a timing misalignment signal repre-
sentative of a difference in timing between the base sta-
tion network timing reference signal and the local network
timing reference signal; and utilising the timing misalign-

ment signal to adjust the local network timing reference
signal to reduce misalignment with the base station net-
work timing reference signal.
[0005] The first aspect recognises that it is difficult to
provide an accurate local timing reference signal. One
option may be to provide a very accurate local timing
signal generator; but these are expensive and may not
be economically viable for end-user telecommunications
equipment. Accordingly, less accurate local timing signal
generators are provided, but these then require regular
updating in order to maintain synchronisation with the
rest of the network. For example, for user equipment to
maintain adequate synchronisation with a macro base
station, it is necessary for the macro base station to reg-
ularly transmit timing correction information to the user
equipment whilst that user equipment is in active com-
munication. The first aspect also recognises that this re-
quires additional time synchronisation functionality to be
provided within the macro base station and requires the
use of a proportion of the wireless bandwidth between
the macro base station and the user equipment to be
allocated to the support the transmission of this timing
correction information. For pico or femto base stations,
a dedicated network timing server needs to be provided
by the network, which increases overall costs and com-
plexity. Also, a significant amount of the customer’s In-
ternet bandwidth (which is used as a backhaul for the
pico or femto base station) needs to be allocated simply
to support the transmission of this timing correction in-
formation. Furthermore, it is recognised that even when
using a network timing server to update to local timing
signal, unpredictable delays in the IP network can cause
jitter in the timing signal provided to the pico or femto
base stations which can cause frequency shifts in the
transmissions within the femto or pico cells beyond an
amount specified by a regulator which can cause loss of
signal during transmission, increases interference and
can even interfere with transmissions occurring in an ad-
jacent frequency band.
[0006] Accordingly, a data sequence transmitted from
a base station is extracted. This data sequence is com-
pared with a local data sequence which matches the re-
ceived data sequence. Because the data sequence from
the base station is synchronised with a network timing
reference signal provided by the base station and be-
cause the data sequence provided locally is in synchro-
nisation with a network timing reference signal provided
locally, it is possible to compare the two data sequences
to determine any timing misalignment between the two
data sequences. A timing misalignment signal is there-
fore generated which is representative of this timing dif-
ference. The misalignment signal can then be used to
adjust the network timing reference signal generated lo-
cally to reduce any misalignment between that reference
signal and the base station network timing reference sig-
nal. In this way, it can be seen that a correction of the
local timing signal can be made without the need to send
a dedicated timing correction signal, as would otherwise
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be required for user equipment when communicating with
a base station. Also, no dedicated network timing server
is required; as would otherwise be required for pico or
femto base stations, nor is any significant jitter introduced
because the signal is transmitted wirelessly rather than
through an IP network. Furthermore, such a data se-
quence will typically routinely be transmitted anyway by
base stations (because they are routinely transmitted for
other purposes) and so these data sequences may be
utilised thereby avoiding the need to transmit any dedi-
cated timing synchronisation signal whatsoever and
avoiding the unnecessary use of valuable bandwidth.
[0007] It will be appreciated that typically it will not be
necessary to completely eliminate any misalignment be-
tween the timing signals since adequate performance
may be achieved even when the timing signals are slight-
ly misaligned, providing the misalignment is within pre-
defined limits, typically set for the type of user equipment.
For example, a femto base station can accept up to a
250 parts per billion variation in the base frequency.
[0008] In one embodiment, the step of comparing com-
prises correlating the local data sequence with the data
sequence to generate the timing misalignment signal.
Accordingly, existing correlation functionality within the
end-user equipment may be utilised to determine the ex-
tent of correlation between the two data sequences.
Again, by reusing existing functionality, the need to pro-
vide additional hardware is obviated.
[0009] In one embodiment, the timing misalignment
signal is generated having a magnitude and sign repre-
sentative of the difference in timing between the base
station network timing reference signal and the local net-
work timing reference signal. Accordingly, the misalign-
ment signal may be generated having a magnitude rep-
resentative of the extent of correlation between the two
data sequences and a sign representative of the direction
of misalignment. For example, a zero timing misalign-
ment signal may indicate complete correlation between
the data sequences, a negative value of misalignment
signal may indicate that one data sequence occurred ear-
lier than the other whilst a positive misalignment signal
may indicate the reverse situation.
[0010] In one embodiment, the step of utilising com-
prises: adjusting generation of the local network timing
reference signal in dependence on the timing misalign-
ment signal. Accordingly, the generation of the local tim-
ing reference signal may be adjusted in response to the
timing misalignment signal in order to reduce misalign-
ment between the two. It will be appreciated that the ad-
justment of the timing reference signal may be achieved
in a variety of ways, dependent on the particular imple-
mentation used to generate that timing signal.
[0011] In one embodiment, the step of utilising com-
prises: generating a timing correction signal in response
to the timing misalignment signal, the timing correction
signal being representative of a correction required to
the local network timing reference signal and utilising the
correction signal to adjust generation of the local network

timing reference signal. Accordingly, rather than the tim-
ing misalignment signal itself being used directly to re-
duce misalignment, a timing correction signal may be
generated from that timing misalignment signal and that
correction signal used to cause a correction in the gen-
eration of the local timing reference signal. Again, it will
be appreciated that the correction of the timing reference
signal may be achieved in a variety of ways, dependent
on the particular implementation used to generate that
timing signal.
[0012] In one embodiment, the step of comparing com-
prises: comparing each one of a plurality of the data se-
quences with a corresponding one of plurality of the local
data sequences to generate a plurality of timing misalign-
ment signals and generating an averaged timing mis-
alignment signal from the plurality of timing misalignment
signals which is representative of an average difference
in timing between the base station network timing refer-
ence signal and the local network timing reference signal,
and wherein the step of utilising comprises: utilising the
averaged timing misalignment signal to adjust the local
network timing reference signal to reduce misalignment
with the base station network timing reference signal.
Accordingly, rather than using just one comparison, a
plurality of such comparisons may be made, each of
which may cause the generation of a corresponding mis-
alignment signal. Those misalignment signals may then
be averaged to generate an averaged timing misalign-
ment signal. This average signal will provide a more re-
liable indication of timing misalignment since it will be
less susceptible to random noise or other variations. That
average timing misalignment signal may then be utilised
to reduce misalignment between the two reference sig-
nals.
[0013] In one embodiment, the method comprises the
step of: determining drift characteristics of the local net-
work timing reference signal; and estimating from the drift
characteristics when adjustment of the local network tim-
ing reference signal is next required to maintain the dif-
ference in timing within a predetermined threshold. Ac-
cordingly, the drift characteristics of the local reference
signal may be determined. It will be appreciated that
these drift characteristics provide an indication of the an-
ticipated future accuracy of the local reference signal.
For example, it may be determined, based on the timing
misalignment signal, that the local reference signal is
drifting at a particular rate. An estimate can then be made
from that drift characteristic of when the timing reference
signal will reach a predetermined threshold representing
an unacceptable level of drift which would otherwise re-
sult in unacceptable performance. This drift characteris-
tic can then be utilised to estimate when it is necessary
to perform adjustment of the local reference signal in or-
der to maintain acceptable performance.
[0014] In one embodiment, the data sequence com-
prises a common pilot transmitted from the base station
over a common pilot channel. It will be appreciated that
a common pilot will be routinely transmitted in a network
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from a base station over a common pilot channel which
enables reuse of an existing data sequence already
transmitted by the network for other purposes. Further-
more, it is typical for end-user equipment during initial
set-up to be provided with details of the common pilot
data sequence, together with the transmission frequency
and spreading code and so no additional information
needs to be provided to the end user equipment to utilise
this technique.
[0015] In one embodiment, the end-user wireless tel-
ecommunications equipment comprises one of a pico
base station, a femto base station and user equipment.
[0016] According to a second aspect of the present
invention, there is provided a computer program product
operable, when executed on a computer, to perform the
method steps of the first aspect.
[0017] According to a third aspect of the present in-
vention there is provided end-user wireless telecommu-
nications equipment, comprising: reception logic opera-
ble to extract a data sequence transmitted wirelessly from
a base station, the data sequence being transmitted in
synchronisation with a base station network timing ref-
erence signal; timing logic operable to generate a local
network timing reference signal; local data sequence
generation logic operable to generate a local data se-
quence in synchronisation with the local network timing
reference signal; comparison logic operable to compare
the data sequence with the local data sequence to gen-
erate a timing misalignment signal representative of a
difference in timing between the base station network
timing reference signal and the local network timing ref-
erence signal; and timing adjustment logic operable to
utilise the timing misalignment signal to adjust the local
network timing reference signal generated by the timing
logic to align with the base station network timing refer-
ence signal.
[0018] In one embodiment, the comparison logic is op-
erable to correlate the local data sequence with the data
sequence to generate the timing misalignment signal.
[0019] In one embodiment, the comparison logic is op-
erable to generate the timing misalignment having a mag-
nitude and sign representative of the difference in timing
between the base station network timing reference signal
and the local network timing reference signal.
[0020] In one embodiment, the timing adjustment logic
is operable to adjust the generation of the local network
timing reference signal in dependence on the timing mis-
alignment signal.
[0021] In one embodiment, the timing adjustment logic
is operable to generate a timing correction signal in re-
sponse to the timing misalignment signal, the timing cor-
rection signal being representative of a correction re-
quired to the local network timing reference signal and
to utilise the correction signal to adjust generation of the
local network timing reference signal.
[0022] In one embodiment, the comparison logic is op-
erable to compare each one of a plurality of the data
sequences with a corresponding one of plurality of the

local data sequences to generate a plurality of timing
misalignment signals and generating an averaged timing
misalignment signal from the plurality of timing misalign-
ment signals which is representative of an average dif-
ference in timing between the base station network timing
reference signal and the local network timing reference
signal, and the timing adjustment logic is operable to uti-
lise the averaged timing misalignment signal to adjust
the local network timing reference signal to reduce mis-
alignment with the base station network timing reference
signal.
[0023] In one embodiment, there is provided drift logic
operable to determine drift characteristics of the local net-
work timing reference signal to and to estimate from the
drift characteristics when adjustment of the local network
timing reference signal is next required to maintain the
difference in timing within a predetermined threshold.
[0024] In one embodiment, the data sequence com-
prises a common pilot transmitted from the base station
over a common pilot channel.
[0025] In one embodiment, the end-user wireless tel-
ecommunications equipment comprises one of a pico
base station, a femto base station and user equipment.
[0026] Further particular and preferred aspects of the
present invention are set out in the accompanying inde-
pendent and dependent claims. Features of the depend-
ent claims may be combined with features of the inde-
pendent claims as appropriate, and in combinations other
than those explicitly set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Embodiments of the present invention will now
be described further, with reference to the accompanying
drawings, in which:

Figure 1 illustrates the main components of a tele-
communications network according to one embodi-
ment;
Figure 2 illustrates an example femto cell deploy-
ment within one macro cell shown in Figure 1;
Figure 3 illustrates in more detail components of the
femto base stations shown in Figure 2; and
Figure 3 illustrate the main processing steps of the
femto base stations shown in Figure 3.

DESCRIPTION OF THE EMBODIMENTS

[0028] Figure 1 illustrates a wireless communication
system, generally 10, according to one embodiment. Us-
er equipment 44 roam through the wireless communica-
tion system 10. Base stations 22 are provided which sup-
port respective macro cells 24. A number of such base
stations are provided, which are distributed geographi-
cally in order to provide a wide area of coverage to the
user equipment 44. When user equipment 44 is within a
macro cell 24 supported by the base station 22 then com-
munications may be established between the user equip-
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ment 44 and the base station 22 over an associated radio
link. Each base station typically supports a number of
sectors. Typically, a different antenna within a base sta-
tion supports an associated sector. Accordingly, each
base station has multiple antennas and signals sent
through the different antennas are electronically weight-
ed to provide a sectorised approach. Of course, it will be
appreciated that Figure 1 illustrates a small subset of the
total number of user equipment and base stations that
may be present in a typical communications system.
[0029] The wireless communication system 10 is man-
aged by a radio network controller 170.
The radio network controller 170 controls the operation
of the wireless communications system 10 by communi-
cating with the base stations 22 over a backhaul com-
munications link 160. The network controller 170 also
communicates with the user equipment 44 via their re-
spective radio links in order to efficiently manage the wire-
less communication system 10.
[0030] The radio network controller 170 maintains a
neighbour list which includes information about the geo-
graphical relationship between cells supported by base
stations. In addition, the radio network controller 170
maintains location information which provides informa-
tion on the location of the user equipment within the wire-
less communications system 10. The radio network con-
troller 170 is operable to route traffic via circuit-switched
and packet-switched networks. Hence, a mobile switch-
ing centre 250 is provided with which the radio network
controller 170 may communicate. The mobile switching
centre 250 then communicates with a circuit-switched
network such as a public switched telephone network
(PSTN) 210. Likewise, the network controller 170 com-
municates with service general packet radio service sup-
port nodes (SGSNs) 220 and a gateway general packet
radio support node (GGSN) 180. The GGSN then com-
municates with a packet-switch core 190 such as, for
example, the internet.
[0031] As shown in more detail in Figure 2, there are
provided femto cell base stations 30, 34, 38 each of which
provides a femto cell 32, 36, 40 in the vicinity of a building
within which the associated femto, cell base station is
installed. The femto cells 32, 36, 40 provide local com-
munications coverage for a user in the vicinity of those
buildings. Each femto cell base station 30, 34, 38 com-
municates via a femtocell controtler/gateway 230. A
handover or camping event occurs between the base
station 22 and the femto cell base stations 30, 34, 38
when the femto base stations 30, 34, 38 detect that user
equipment comes within range. The femto cell base sta-
tions 30, 34, 38 typically utilise the user’s broadband In-
ternet connection 240 (such as ADSL, Cable, etc) as a
backhaul.
[0032] Femto cell base stations 30, 34, 38 are lower-
power, low-cost, user-deployed base stations that pro-
vide a high cellular quality of service in residential or en-
terprise environment. In contrast to current macro cell
approaches where complex and highly reliable base sta-

tions are deployed to strategic locations decided by the
network owner, the femto cell base stations 30, 34, 38
are provided locally by customers. Such femto cell base
stations 30, 34, 38 provide local coverage in areas of the
macro network where quality of service may be low.
Hence, the femto cell base stations 30, 34, 38 provide
for improved quality of service in areas which are difficult
for network operators. To reduce the cost of the femto
base stations 30, 34, 38 and to reduce complexity and
interference effects of the femto cell on other user equip-
ment within the macro cell, the transmission power of the
femto cell base station 30, 34, 38 is relatively low in order
to restrict the size of the femto cell to a range of tens of
metres or less. The femto cell base stations 30, 34, 38
have extensive auto-configuration and self-optimisation
capability to enable a simply plug-and-play deployment.
As such, they are designed to automatically integrate
themselves into an existing macro cellular wireless net-
work 20. In addition, some access point within the macro
cellular network contains some functionality traditionally
provided by the core network. One example is the UMTS
base station router which integrates functions of the mac-
ro base station 20, RNC 170, SGSN 220 and GGSN 180.
[0033] Wireless transmissions within the wireless net-
work 20 occur in, for example, the 2.1 GHz, 1900 MHz
and/or 850 MHz spectrum and 5 MHz bands are allocated
for use by network operators. These 5 MHz bands have
guard bands to reduce interference between transmis-
sions in adjacent bands. However, inaccuracies in the
reference timing signals within network equipment can
cause a frequency shift in those wireless transmissions.
These frequency shifts, if unchecked, can cause frequen-
cy shifts into an adjacent band, which is contrary to li-
cence regulation, can lead to transmission loss within the
network and cause interference. Accordingly, each mac-
ro base station 22 is required to maintain a timing accu-
racy of 50 parts per billion, whilst micro base stations (not
shown) are required to provide a timing accuracy of 100
parts per billion and pico or femto base stations 30, 34,
38 are required to provide a timing accuracy of 100 and
250 parts per billion, respectively.
[0034] Upon initialisation, each femto base station 30,
34, 38 is informed of the transmission and reception fre-
quency bands of adjacent macro base stations, their
spreading codes and their common pilot data sequence.
The femto base stations are also advised of available
frequency bands and available spreading codes for
transmissions. The femto base stations will then perform
initial quality of service measurements and determine
which macro base station to register with, together with
making a determination of which frequency bands and
spreading code to utilise. The femto base stations and
macro base station may utilise the same frequencies
band, the transmissions being separated using different
spreading codes. When this occurs, the femto base sta-
tion will tune its receiver to the macro base station trans-
mission band when performing network listening or "sniff-
ing" functions. Alternatively, the femto base stations and

7 8 



EP 2 211 581 A1

6

5

10

15

20

25

30

35

40

45

50

55

macro base station may use different frequencies. In that
case, the frequency bands used for transmission and re-
ception in the femto base station differ to those used for
transmission and receiving in the macro base station.
Accordingly, when performing sniffing functions, the fem-
to base station will retune its receiver to the frequency
band used by the macro base station.
[0035] Figure 3 illustrates in more detail the main com-
ponents of the femto base station 30; 34; 38 according
to one embodiment. Only components related to recep-
tion are shown, the transmission components and other
components of the femto base station are omitted to help
improve clarity.
[0036] In overview, the femto base station comprises
one or more antenna 100 utilised to receive wireless
transmissions. The antenna 100 are coupled with a re-
ceiver 110 operable to tune the antenna 100 to the re-
quired frequency band for transmissions from the macro
base station 22. The receiver 110 is coupled with down
conversion logic 120 which extracts data from the re-
ceived signal and provides a data sequence to process-
ing logic 130. Meanwhile, a local timing circuit 140 gen-
erates a local timing signal and provides this to a se-
quence generator 150. The sequence generator 150 uti-
lises the local timing signal and generates a local data
sequence which is timed in synchronisation with the local
timing signal. This local data sequence is provided to the
processing logic 130. The processing logic 130 process-
es these two data sequences and generates an error
signal which is provided to correction logic 160. The cor-
rection logic 160 then determines a correction factor and
sends a correction signal representative of this correction
factor to the local timing logic 140 to cause a change in
the generated local timing signal.
[0037] In particular, the reception logic 110 listens on
the transmission band of macro base station 20. The re-
ceived signal 117 is provided to the down conversion
logic 120 which extracts the common pilot signal 127
transmitted over the common pilot channel by the macro
base station 20. The common pilot signal 127 encodes
a data sequence of bits, this common pilot signal 127
being repeated within each of the 15 slots of repeating
10 millisecond transmission frames. The common pilot
signal 127 is generated by the macro base station 20 in
synchronisation with a macro base station network timing
reference signal. As such, the macro base station net-
work timing reference signal is derivable from the com-
mon pilot signal 127. The common pilot signal 127 is
provided to the processing logic 130.
[0038] As mentioned above, the femto base stations
30; 34; 38 are each provided with the common pilot data
sequence on initialisation. Accordingly, the sequence
generator 150 is provided with that common pilot data
sequence and the local timing signal 147 generated by
the local timing circuit 140, and generates a matching
local common pilot signal 157. The local common pilot
signal 157 generated by the sequence generator 150 is
provided to the processing logic 130. The processing log-

ic 130 includes a correlator (not shown) which correlates
the data sequences within the two signals 157, 127. In,
order to improve accuracy, rather than performing cor-
relation on a single data sequence, correlation is per-
formed over a plurality of such data sequences. The cor-
relator then determines, using known techniques, the ex-
tent of any misalignment between the two data sequenc-
es and generates the error signal 137 which could be
used to directly change the timing of the local timing cir-
cuit 140 but, in this embodiment, is provided to the cor-
rection logic 160 which in turn generates the correction
signal 159 to be applied to the local timing circuit 140.
[0039] The local timing logic 140, in response to the
correction signal 159, adjusts the timing of the local timing
signal 147 provided to the sequence generator 150. The
sequence generator 150 then generates the local com-
mon pilot signal 157 in synchronisation with the adjusted
local timing signal and provides this to the processing
logic 130 which again assesses the extent of correlation
between the local common pilot signal 157 and the com-
mon pilot signal 127, determines whether further realign-
ment is required and, if so, generates a further correction
signal 159.
[0040] For cost reasons, the local timing logic 140 is
unlikely to be highly accurate or exceptionally finely con-
trollable. However, that does not particularly matter since
the timing accuracy of the local timing signal 147 is per-
mitted to be five times less than that of the macro base
station network timing reference signal. Accordingly, as
long as the local timing signal 147 has been realigned to
within the accuracy permitted for the femto base station,
then the adjustment process can be considered to be
complete. An assessment then is made by the process-
ing logic 130 of the extent of drift that has occurred be-
tween adjustments taking place and estimate is made of
how long the local timing circuit 140 may be left to run
before needing to perform another realignment with the
macro base station network timing reference signal.
[0041] Figure 3 illustrates in more detail the main
processing steps of the femto base station 30; 34; 38
when performing such alignment.
[0042] At step S10, the reception logic 110 listens on
the frequency band used by the macro base station for
transmissions.
[0043] At step S20, the down conversion logic 120 ac-
quires the common pilot signal 127 from within the re-
ceived transmissions.
[0044] At step S30, the processing logic 130 compares
the common pilot signal 127 received from the macro
base station 22 with the local common pilot signal 157
generated within the femto base station. The common
pilot signal 127 received from the macro base station was
generated with reference to a macro base station network
timing reference signal, whilst the locally common pilot
signal 157 was generated with reference to the local net-
work timing signal 147. This processing logic 130 exam-
ines the correlation between the repeating data sequenc-
es in the two signals and generates the error signal 137
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which is utilised to change the timing of the local network
timing signal 147.
[0045] At step S40, this error signal 137 is used to gen-
erate the correction signal 159 which is used to reduce
any misalignment between the local timing signal 147
and the macro base station network timing reference sig-
nal to an acceptable amount.
[0046] At step S50, a determination is made of the ex-
tent of drift encountered since the previous realignment
of the local timing signal 147 took place. From this de-
termination an estimate of the amount of time for which
the local timing logic 140 may be left before a further
adjustment is necessary is established.
[0047] At step S60, a determination is made is to
whether that period of time has expired. If the period has
not expired, then it can be assumed that the local timing
signal 147 is still sufficiently accurate and no adjustment
is necessary; the femto base station can continue its nor-
mal operation. However, upon expiry of that period,
processing returns to step S10 to reinitiate the alignment
of the local timing signal 147 with the base station network
timing reference signal.
[0048] Accordingly, it will be appreciated that this pro-
vides an accurate timing solution for end user equipment
which does not require the use of a network timing server,
nor does it require the use of any dedicated timing infor-
mation to be transmitted but instead reuses existing in-
formation and enables the use of a lower-performance
oscillator in the local timing logic 140 of the user equip-
ment.
[0049] Accordingly, it can be seen that this approach
to timing signal synchronisation makes use the existing
network listening functionality. This removes the need
for dedicated timing servers and also eliminates the need
to transmit data between that timing server and the femto
base station which consumes IP bandwidth and also be-
tween base stations and user equipment which con-
sumes wireless transmission bandwidth and resources
at the base stations to generate timing correction signals.
[0050] In summary, the macro base stations transmit
a common pilot using frames of constant length. A data
sequence is sent in slots which repeat periodically within
repeating frames. The periodicity of the pilot is used to
derive the more accurate macro base station network
timing signal. The femto base stations employ a detector
to generate a signal that is proportional in magnitude and
sign to the level of accuracy of the local clock source of
the femto base station. The detector relies on the char-
acteristics of the common pilot in the common pilot chan-
nel of the macro cell to generate the error signal. The
detector is unbiased and generates a signal that is used
to discipline the local oscillator of the femto base station
and drive its frequency to within specified limits. The fem-
to base station is equipped with network listening func-
tionality. This functionality is switched on periodically for
self-optimisation and auto-configuration purposes.
When the network listening is switched on the femto base
station will detect any 3G signals being transmitted on

the allocated spectrum. Neighbour list information may
be used to enable a femto base station to determine
whether a stronger signal can be received from a neigh-
bouring macro base station and also to help it to disregard
any erroneous signals which may be received from
neighbouring femto base stations. The holdover time of
the local oscillator determines how often the network lis-
tening needs to occur. The shorter the holdover the more
often the listening function needs to be activated.
[0051] Although illustrative embodiments of the inven-
tion have been disclosed in detail herein, with reference
to the accompanying drawings, it is understood that the
invention is not limited to the precise embodiments
shown and that various changes and modifications can
be effected therein by one skilled in the art without de-
parting from the scope of the invention as defined by the
appended claims and their equivalents.

Claims

1. A method of adjusting a local network timing refer-
ence signal generated by end-user wireless tele-
communications equipment, said method compris-
ing the steps of:

extracting a data sequence transmitted wire-
lessly from a base station, said data sequence
being transmitted in synchronisation with a base
station network timing reference signal;
comparing said data sequence with a matching
local data sequence generated in synchronisa-
tion with said local network timing reference sig-
nal to generate a timing misalignment signal rep-
resentative of a difference in timing between
said base station network timing reference sig-
nal and said local network timing reference sig-
nal; and
utilising said timing misalignment signal to ad-
just said local network timing reference signal
to reduce misalignment with said base station
network timing reference signal.

2. The method of claim 1, wherein said step of com-
paring comprises:

correlating said local data sequence with said
data sequence to generate said timing misalign-
ment signal.

3. The method of claim 2, wherein said timing misalign-
ment signal is generated having a magnitude and
sign representative of said difference in timing be-
tween said base station network timing reference
signal and said local network timing reference signal.

4. The method of claim 3, wherein said step of utilising
comprises:
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adjusting generation of said local network timing
reference signal in dependence on said timing
misalignment signal.

5. The method of claim 3, wherein said step of utilising
comprises:

generating a timing correction signal in re-
sponse to said timing misalignment signal, said
timing correction signal being representative of
a correction required to said local network timing
reference signal and utilising said correction sig-
nal to adjust generation of said local network
timing reference signal.

6. The method of claim 1, wherein said step of com-
paring comprises:

comparing each one of a plurality of said data
sequences with a corresponding one of plurality
of said local data sequences to generate a plu-
rality of timing misalignment signals and gener-
ating an averaged timing misalignment signal
from the plurality of timing misalignment signals
which is representative of an average difference
in timing between said base station network tim-
ing reference signal and said local network tim-
ing reference signal, and wherein said step of
utilising comprises:
utilising said averaged timing misalignment sig-
nal to adjust said local network timing reference
signal to reduce misalignment with said base
station network timing reference signal.

7. The method of claim 1, comprising the step of
determining drift characteristics of said local network
timing reference signal; and
estimating from said drift characteristics when ad-
justment of said local network timing reference signal
is next required to maintain said difference in timing
within a predetermined threshold.

8. The method of claim 1, wherein said data sequence
comprises a common pilot transmitted from said
base station over a common pilot channel.

9. The method of claim 1, wherein said end-user wire-
less telecommunications equipment comprises one
of a pico base station, a femto base station and user
equipment.

10. A computer program product operable, when exe-
cuted on a computer, to perform the method steps
of claim 1.

11. End-user wireless telecommunications equipment,
comprising:

reception logic operable to extract a data se-
quence transmitted wirelessly from a base sta-
tion, said data sequence being transmitted in
synchronisation with a base station network tim-
ing reference signal;
timing logic operable to generate a local network
timing reference signal;
local data sequence generation logic operable
to generate a local data sequence in synchroni-
sation with said local network timing reference
signal;
comparison logic operable to compare said data
sequence with said local data sequence to gen-
erate a timing misalignment signal representa-
tive of a difference in timing between said base
station network timing reference signal and said
local network timing reference signal; and
timing adjustment logic operable to utilise said
timing misalignment signal to adjust said local
network timing reference signal generated by
said timing logic to align with said base station
network timing reference signal.

12. The end-user wireless telecommunications equip-
ment of claim 11, wherein said comparison logic is
operable to correlate said local data sequence with
said data sequence to generate said timing misalign-
ment signal.

13. The end-user wireless telecommunications equip-
ment of claim 11, wherein said comparison logic is
operable to compare each one of a plurality of said
data sequences with a corresponding one of plurality
of said local data sequences to generate a plurality
of timing misalignment signals and generating an av-
eraged timing misalignment signal from the plurality
of timing misalignment signals which is representa-
tive of an average difference in timing between said
base station network timing reference signal and
said local network timing reference signal, and said
timing adjustment logic is operable to utilise said av-
eraged timing misalignment signal to adjust said lo-
cal network timing reference signal to reduce mis-
alignment with said base station network timing ref-
erence signal.

14. The end-user wireless telecommunications equip-
ment of claim 11, wherein said timing adjustment
logic is operable to adjust the generation of said local
network timing reference signal in dependence on
said timing misalignment signal.

15. The end-user wireless telecommunications equip-
ment of claim 11, comprising:

drift logic operable to determine drift character-
istics of said local network timing reference sig-
nal to and to estimate from said drift character-
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istics when adjustment of said local network tim-
ing reference signal is next required to maintain
said difference in timing within a predetermined
threshold.

Amended claims in accordance with Rule 137(2)
EPC.

1. A method of adjusting a local network timing ref-
erence signal generated by end-user wireless tele-
communications equipment (30; 34; 38), said meth-
od comprising the steps of:

extracting (S10, S30) a data sequence transmit-
ted wirelessly from a base station (22), said data
sequence being transmitted in synchronisation
with a base station network timing reference sig-
nal;
comparing (S30) said data sequence with a
matching local data sequence generated in syn-
chronisation with said local network timing ref-
erence signal to generate a timing misalignment
signal representative of a difference in timing
between said base station network timing refer-
ence signal and said local network timing refer-
ence signal; and
utilising (S40)said timing misalignment signal to
adjust said local network timing reference signal
to reduce misalignment with said base station
network timing reference signal.

2. The method of claim 1, wherein said step of com-
paring comprises:

correlating said local data sequence with said
data sequence to generate said timing misalign-
ment signal.

3. The method of claim 2, wherein said timing mis-
alignment signal is generated having a magnitude
and sign representative of said difference in timing
between said base station network timing reference
signal and said local network timing reference signal.

4. The method of claim 3, wherein said step of uti-
lising comprises:

adjusting generation of said local network timing
reference signal in dependence on said timing
misalignment signal.

5. The method of claim 3, wherein said step of uti-
lising comprises:

generating a timing correction signal in re-
sponse to said timing misalignment signal, said
timing correction signal being representative of

a correction required to said local network timing
reference signal and utilising said correction sig-
nal to adjust generation of said local network
timing reference signal.

6. The method of claim 1, wherein said step of com-
paring comprises:

comparing each one of a plurality of said data
sequences with a corresponding one of plurality
of said local data sequences to generate a plu-
rality of timing misalignment signals and gener-
ating an averaged timing misalignment signal
from the plurality of timing misalignment signals
which is representative of an average difference
in timing between said base station network tim-
ing reference signal and said local network tim-
ing reference signal, and wherein said step of
utilising comprises:

utilising said averaged timing misalignment
signal to adjust said local network timing ref-
erence signal to reduce misalignment with
said base station network timing reference
signal.

7. The method of claim 1, comprising the steps of:

determining (S50) drift characteristics of said lo-
cal network timing reference signal; and
estimating (S50) from said drift characteristics
when adjustment of said local network timing
reference signal is next required to maintain said
difference in timing within a predetermined
threshold.

8. The method of claim 1, wherein said data se-
quence comprises a common pilot transmitted from
said base station over a common pilot channel.

9. The method of claim 1, wherein said end-user
wireless telecommunications equipment comprises
one of a pico base station, a femto base station and
user equipment.

10. A computer program product operable, when ex-
ecuted on a computer, to perform the method steps
of claim 1.

11. End-user wireless telecommunications equip-
ment (30; 34; 38), comprising:

reception logic (110) operable to extract a data
sequence transmitted wirelessly from a base
station (22), said data sequence being transmit-
ted in synchronisation with a base station net-
work timing reference signal;
timing logic (140) operable to generate a local
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network timing reference signal;
local data sequence generation logic (150) op-
erable to generate a local data sequence in syn-
chronisation with said local network timing ref-
erence signal;
comparison logic (130) operable to compare
said data sequence with said local data se-
quence to generate a timing misalignment signal
representative of a difference in timing between
said base station network timing reference sig-
nal and said local network timing reference sig-
nal; and
timing adjustment logic (155) operable to utilise
said timing misalignment signal to adjust said
local network timing reference signal generated
by said timing logic to align with said base station
network timing reference signal.

12. The end-user wireless telecommunications
equipment of claim 11, wherein said comparison log-
ic is operable to correlate said local data sequence
with said data sequence to generate said timing mis-
alignment signal.

13. The end-user wireless telecommunications
equipment of claim 11, wherein said comparison log-
ic is operable to compare each one of a plurality of
said data sequences with a corresponding one of
plurality of said local data sequences to generate a
plurality of timing misalignment signals and gener-
ating an averaged timing misalignment signal from
the plurality of timing misalignment signals which is
representative of an average difference in timing be-
tween said base station network timing reference
signal and said local network timing reference signal,
and said timing adjustment logic is operable to utilise
said averaged timing misalignment signal to adjust
said local network timing reference signal to reduce
misalignment with said base station network timing
reference signal.

14. The end-user wireless telecommunications
equipment of claim 11, wherein said timing adjust-
ment logic is operable to adjust the generation of
said local network timing reference signal in depend-
ence on said timing misalignment signal.

15. The end-user wireless telecommunications
equipment of claim 11, comprising:

drift logic operable to determine drift character-
istics of said local network timing reference sig-
nal to and to estimate from said drift character-
istics when adjustment of said local network tim-
ing reference signal is next required to maintain
said difference in timing within a predetermined
threshold.
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