
WO 02/061963 PCT/US02/00682 1 TIME TRACKING IN A NON-NEGLIGIBLE MULTIPATH
SPACING  ENVIRONMENT BACKGROUND OF THE INVENTION Field of the Invention
[00011 The present invention relates generally to Code Division Multiple
Access communications. Particularly, the present invention relates to time
tracking  received signals in a non-negligible multipath spacing
environment. Description of the Related Art [0002] Code Division Multiple
Access (CDMA) communications systems use  base stations coupled to
directional antennas that are typically located in the center of  a cell
and broadcast into sectors of the cell. The cells are located in major
metropolitan areas, along highways, and along train tracks to allow
consumers to  communicate both at home and while traveling. [0003] FIG. 1
illustrates a block diagram of a typical CDMA base station. The  user data
is input to a modulator (101) that performs the CDMA modulation prior to
transmission on the single antenna (105). The CDMA modulation technique is
well  known in the art. [0004] The base station transmits a pilot channel
that is received by a mobile  station. The pilot channel, comprised of
symbols, contains no information. The  mobile station uses the pilot
channel as a reference signal for time, frequency, phase,  and signal
strength. [0005] Mobile stations are comprised of RAKE receivers. A
conventional  RAKE receiver operates on received signals with correlators
known as "fingers".  Using the knowledge of complex channel coefficients of
each desired multipath  component, the RAKE receiver coherently combines
finger outputs. [0006] A block diagram of a typical RAKE receiver is
illustrated in FIG. 2.  For purposes of clarity, only one finger of the
receiver is shown. The receiver is WO 02/061963 PCT/US02/00682 



2 comprised of an antenna (201) that receives the signal for conversion
from the  received radio frequency-to-baseband frequency (205). The base
band data is a digital  data stream. [0007] An initial time delay, t, is
chosen (210) and the digital data stream is  despread by multiplying (215)
it with the original spreading sequence combined with  a Walsh code. This
is referred to as cd(n). [0008] The despread signal is correlated by
summing (220) it over a symbol  time (64 chips). The complex signal output
from the correlator is multiplied (225)  with an estimate of the pilot
signal, P, in order to rotate the phase of the input signal.  This step
outputs the demodulated data. [0009] In parallel with the demodulation at
time t, the digital data stream is  also demodulated half a chip prior to
ti and half a chip after i in order to generate a  more accurate T. It
would be best to sample the waveform at the peak during the on- time
sample. However, since this cannot always be accomplished, an early sample
is  taken approximately half a chip time before the on-time sample and a
late sample is  taken approximately half a chip time after the on-time
sample. [0010] After the 0.5 chip delay blocks (230 and 235), the delayed
digital data  streams are multiplied (240 and 245) with a combination of
the same spreading  sequence used in the demodulation path and the pilot
Walsh code. This is referred to  as cp(n). These signals are correlated
(250 and 255) and the magnitude of each signal  is then squared (260 and
265). [0011] The squared magnitudes are subtracted (270) to find the
difference  between the two energies. If the difference is zero, the
initial estimate for 't was  accurate. If the difference is other than
zero, this error is input to a time tracking loop  (275) to generate a new
i estimate. Each finger tracks its assigned signal path using  the time
tracking loop (275) by controlling the finger's location with respect to
time.  [0012] The above-described receiver performs adequate time tracking
if the  single base station antenna of FIG. I is used. However, if the base
station uses antenna  diversity, as illustrated in FIG. 3, time tracking
becomes more complex in a non- 



negligible multipath spacing environment. WO 02/061963 PCT/US02/00682 3
[0013] FIG. 3 illustrates a typical prior art base station where the main
data  signal is input to a multiplexer (301) before being modulated (305
and 310). The  multiplexer (301) switches the data between two or more
modulation paths (305 and  310). Each modulation path (305 and 310) is
coupled to a separate antenna (315 and  320). [0014] The antennas are
typically geographically separated such that the  received signal at the
mobile station has approximately the same time delay with  independent
fading characteristics. The most common methods for multiplexing data  at
the base station are Orthogonal Transmit Diversity and Space Time
Spreading. [0015] The Orthogonal Transmit Diversity scheme alternates the
transmitted  data between the transmit antennas such that each antenna is
transmitting a different  data signal that is a subset of the main data
signal. For example, a first symbol of the  main data signal is transmitted
on the first antenna, a second symbol is transmitted on  the second
antenna, and a third symbol is transmitted on the first antenna. In this
manner, if the mobile station loses data from one of the antennas, it only
loses every  other symbol and an error correction routine can correct for
the loss. [0016] The Space Time Spreading scheme transmits some information
about  each data symbol on both antennas. This scheme assumes that the
mobile station will  be in contact with at least one of the antennas at all
times and, therefore, will continue  to receive uninterrupted data. [0017]
A problem occurs when a mobile station's receiver has to time track on  the
signals from both base station transmit antennas, and the multipath spacing
from  one or both of these antennas is non-negligible (e.g., multipath
spacing is less than 1.5  chips). There is a resulting need for a receiver
that can time track in a non-negligible  multi-path environment having
antenna diversity. SUMMARY OF THE INVENTION [0018] The present invention
encompasses a method for offset time tracking  



in a non-negligible multipath spacing environment in which an antenna
diversity  system is operating. The antenna diversity system comprises a
plurality of antennas WO 02/061963 PCT/US02/00682 4 that each transmits a
signal to a mobile station. In one embodiment, the transmitted  signals are
different functions of the same data. In an alternate embodiment, the
transmitted signals are alternating portions of a main signal. [0019] The
time tracking is accomplished by generating updated time offsets  in
response to an average time error signal or by allowing the demodulating
elements  to independently time track the signals from each antenna. The
embodiment used  depends on whether the diversity antennas are transmitting
using Space Time  Spreading or Orthogonal Transmit Diversity. [0020] In one
embodiment, the method demodulates, based on one offset,  each of the
plurality of signals received from the base station's diversity antennas. A
time error signal is then calculated from each of the demodulated signal's
pilot signals  that are sampled prior to the offset and subsequent to the
offset. Based on the time  error signals, an average time error signal is
generated. An updated time offset is then  calculated with a time tracking
loop in response to the average time error signal. [0021] In another
embodiment, the received signals are demodulated using a  different offset
for each received signal. In this case, each of the receiver's
demodulating elements independently track the received signals with two
separate  time tracking loops. BRIEF DESCRIPTION OF THE DRAWINGS [0022]
FIG. 1 shows block diagram of a typical prior art base station with a
single antenna. [0023] FIG. 2 shows block diagram of a typical prior art
mobile station  receiver with a single receiving path. [0024] FIG. 3 shows
a block diagram of a typical base station with antenna  diversity. [0025]
FIG. 4 shows a block diagram of the preferred embodiment receiver of  



the present invention [0026] FIG. 5 shows a block diagram of an alternate
embodiment receiver of  the present invention. WO 02/061963 PCT/US02/00682
5 [00271 FIG. 6 shows a block diagram of another alternate embodiment
receiver of the present invention. [00281 FIG. 7 shows a block diagram of a
mobile station in accordance with  the present invention. [00291 FIG. 8
shows a table of the pilot structure of WCDMA with  corresponding symbol
numbers. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT [00301 The
present invention provides a mobile station with the ability to time  track
received signals in an area where the base stations transmit using antenna
diversity. This is accomplished by either choosing the timing offset of the
RAKE  receiver fingers based on an average timing error or allowing the
demodulating  elements of the receiver to independently time track the
signals from each antenna  [00311 FIG. 4 illustrates a block diagram of a
receiver of the present  invention. This embodiment works best in a Space
Time Spreading environment since  it uses the same estimate for t in all
the fingers. While the transmitted signals are  substantially similar, they
are different in that different spreading sequences are used  on the data
during the modulation process in order to keep the signals from interfering
with each other during transmission. [00321 For purposes of clarity, the
receiver of FIG. 4 is subsequently  described with only two fingers.
Alternate embodiments use other quantities of  fingers. [00331 Referring to
FIG. 4, the receiver is comprised of an antenna (400) that  receives the
transmitted signals from the multiple base station antennas. A radio
frequency-to-baseband conversion (405) is performed to generate a digital
data  stream. 



100341 The digital data stream is input to two fingers (460 and 470). Each
finger is comprised of a demodulation path (465 and 475) in which the
digital data  stream from the radio frequency-to-baseband converter (405)
is demodulated at the  same time offset, ti (410 and 411). WO 02/061963
PCT/US02/00682 6  [0035] The first finger's r offset demodulation path
(465) is comprised of a  despreader (415) that multiplies the digital data
stream with a data despreading  sequence comprised of the original data
spreading sequence and a Walsh code. This  sequence is referred to as
cdl(n). [0036] The despread signal is then correlated by summing (420) it
over a  symbol time (64 chips). The complex signal output from the
correlator (420) is  multiplied (425) with an estimate of the pilot signal,
P , in order to rotate the phase of  the complex input signal. This step
produces the demodulated data at offset T. [0037] In parallel with the
demodulation at offset time 't, the digital data  stream is also
demodulated at offsets (t - 0.5) (466) and (t + 0.5) (467) in order to
generate a more accurate T from the pilot signal associated with the
digital data  stream. The early (466) and late (467) samples are performed
in order to generate an error signal that is used to track T. [0038] The
0.5 chip delay blocks (416 and 421) generate signals that can be  expressed
as x(n) and z(n), respectively, where n represents the time index. These
digital data streams are multiplied (417 and 422) with a combination of the
original  spreading sequence and the pilot Walsh code (e.g., cpi(n)). The
despread signals are  then correlated (418 and 423) to generate the
expressions sum(x(n) * cpi(n)) and  sum(z(n) * cpl(n)). The duration of the
sum is chosen such that cpl is orthogonal over  the duration of the sum.
The magnitude of each signal is then squared (419 and 424).  [0039] The
squared magnitudes are subtracted (426) to find a time error  signal, A,
between the two energies. If the difference is zero, the initial estimate
for T  was accurate. If the difference is other than zero, error signal A
is used to generate a  new T estimate as described subsequently. 



[0040] The second finger's r offset demodulation path (475) is comprised of
a  despreader (451) that multiplies the digital data stream with a data
despreading  sequence comprised of the original data spreading sequence and
a Walsh code. This  sequence is referred to as cd2(n). [0041] The despread
signal is then correlated by summing (452) it over a  symbol time (64
chips). The complex signal output from the correlator (452) is WO 02/061963
PCT/US02/00682 7 multiplied (453) with an estimate of the pilot signal, PZ
, in order to rotate the phase of  the complex input signal. The output of
this step produces the demodulated data at the  same offset t as the first
finger (460) [0042] In parallel with the demodulation at offset time t, the
digital data  stream is also demodulated at offsets (t - 0.5) (477) and ('t
+ 0.5) (476) in order to  generate a more accurate T. The early (477) and
late (476) samples are performed in  order to generate an error signal that
is used to track T. [0043] The 0.5 chip delay blocks (431 and 435) generate
the same signals as  the first finger (460) discussed above. These signals
are x(n) and z(n) respectively.  These delayed digital data streams are
multiplied (432 and 436) with a combination of  the original spreading
sequence and the pilot Walsh code (e.g., cp2(n)). The despread  signals are
correlated (433 and 437) to generate the expressions sum(x(n) * cp2(n))
and sum(z(n) * cp2(n)). The duration of the sum is chosen such that cp2 is
orthogonal  over the duration of the sum. The magnitude of each signal is
then squared (434 and  438). [0044] The squared magnitudes are subtracted
(439) to find the difference, B,  between the two energies. If the
difference is zero, the initial estimate for i was  accurate. If the
difference is other than zero, error signal B is used to generate a new T
estimate. [0045] Error signal A from the first finger (460) and error
signal B from the  second finger (470) are used to generate an average
error signal by finding a weighted  sum. This is accomplished by weighting
each error signal depending on their  



respective energy levels and then summing the weighted errors (440). [0046]
As an example, error signal A is weighted by a, and error signal B is
weighted by a2. If the received energies of the pilot signals from each
antenna are  equal, the preferred values of al and a2 are both -. If the
energy of one pilot signal is  less than the other, the error signal with
the lowest energy value is weighted with a  smaller value. In one
embodiment, if the energy of the path tracked by the first finger  is less
than the energy of the path tracked by the second finger, al will be set
less than  a2 so that the tracking shifts more towards the offset
determined by the second finger. WO 02/061963 PCT/US02/00682 8 [0047] The
averaged error (440) is input to a time tracking loop (445). The  time
tracking loop (445) generates a new offset, V , that is used for subsequent
demodulation of the data and tracking of the pilot signal. [0048] The
outputs of the demodulation paths (465 and 475) performed at  offset t are
input to a data demultiplexer (455). The data multiplexer (455)  recombines
the signal from the two demodulation paths into an estimate of the
original data stream. [0049] In the above-described embodiment, cdl(n) and
cd2(n) are different data  despreading sequences. Since the base station
had to cover the data with different  sequences prior to transmission in
order to keep the signals from interfering, the  fingers of the receiver
have to use these different sequences in order to decode the  data. For
substantially similar reasons, the pilot despreading sequences cpi(n) and
cp2(n) are also dissimilar. [0050] FIG. 5 illustrates a block diagram of a
receiver in which the fingers  time track the paths independently. This
embodiment works best in an environment  where each of the base station's
antennas are transmitting alternating portions of a  data signal as is done
in an Orthogonal Transmit Diversity system. [0051] Referring to FIG. 5, the
receiver is comprised of an antenna (500) that  receives the transmitted
signals from the multiple base station antennas. A radio
frequency-to-baseband conversion (505) is performed to generate a digital
data  



stream. [0052] The digital data stream is input to two fingers (560 and
570). Each  finger is comprised of a demodulation path (565 and 575) in
which the digital data  stream from the radio frequency-to-baseband
converter (505) is demodulated to a  useable data signal. Since each finger
(560 and 570) is allowed to independently time  track its assigned signal
path, the initial offsets are chosen as T, for the first finger  (560) and
T2 for the second finger (570). [0053] The first finger's r, offset
demodulation path (565) is comprised of a  despreader (515) that multiplies
the digital data stream with a data despreading  sequence comprised of the
original data spreading sequence and a Walsh code. This  sequence is
referred to as cdl(n). WO 02/061963 PCT/US02/00682 9  [00541 The despread
signal is then correlated by summing (520) it over a  symbol time. The
complex signal output from the correlator (520) is multiplied (525)  with
an estimate of the pilot signal, P , in order to rotate the phase of the
complex  input signal. This step produces the demodulated data at offset
't,. [00551 In parallel with the demodulation at offset time 'r,, the
digital data  stream is also demodulated at offsets ('C, - 0.5) (566) and
('t, + 0.5) (567) in order to  generate a more accurate r from the pilot
signal associated with the digital data  stream. The early (566) and late
(567) samples are performed in order to generate an  error signal that is
used to track 't1. [00561 After the 0.5 chip delay blocks (516 and 521),
the delayed digital data  streams are multiplied (517 and 522) with a
combination of the original spreading  sequence and the pilot Walsh code.
This is referred to as cpl(n).  The despread signals  are correlated (518
and 523) and the magnitude of each signal is then squared (519  and 524).
[00571 The squared energy magnitudes are subtracted (526) to find the
difference, A, between the two energies. If the difference is zero, the
initial estimate  for t, was accurate. If the difference is other than
zero, error signal A is used to  



generate a new ti, estimate. [00581 Error signal A is input to a time
tracking loop (527) that performs a  closed loop tracking process that is
well known in the art and not discussed further.  The output of the time
tracking loop (527) is the new estimate for 'r,, r [00591 The second
finger's i2 offset demodulation path (575) is comprised of  a despreader
(551) that multiplies the digital data stream with a data despreading
sequence comprised of the original data spreading sequence and a Walsh
code. This  sequence is referred to as cd2(n). [00601 The despread signal
is then correlated by summing (552) it over a  symbol time. The complex
signal output from the correlator (552) is multiplied (553)  with an
estimate of the pilot signal, 62 , in order to rotate the phase of the
complex  input signal. The output of this step produces the demodulated
data at an offset of T2. WO 02/061963 PCT/US02/00682 10  [0061] In parallel
with the demodulation at offset time i2, the digital data  stream is also
demodulated at offsets (i2 - 0.5) (577) and (12 + 0.5) (576) in order to
generate a more accurate r from the pilot signal. The early (577) and late
(576)  samples are performed in order to generate an error signal that is
used to track 't2.  [0062] After the 0.5 chip delay blocks (531 and 535),
the delayed digital data  streams are multiplied (532 and 536) with a
combination of the original spreading  sequence and the pilot Walsh code.
This is referred to as cp2(n) . The despread signals  are correlated (533
and 537) and the magnitude of each signal is then squared (534  and 538).
[0063] The squared magnitudes are subtracted (539) to find the difference,
B,  between the two energies. If the difference is zero, the initial
estimate for 't2 was  accurate. If the difference is other than zero, error
signal B is used to generate a new  't2 estimate. [0064] Error signal B is
input to a time tracking loop (540) that performs a  closed loop tracking
process that is well known in the art and not discussed further.  The
output of the time tracking loop (540) is the new estimate for 12, ,zz  



[0065] The outputs of the demodulation paths (565 and 575) of each finger
(560 and 570) are input to a data demultiplexer (555). Since the data was
transmitted  in an alternate fashion from the diversity antennas, the
demultiplexer (555) alternates  between each demodulation path (565 and
575) in order to reconstruct the transmitted  data. If the data was
transmitted such that every other symbol was transmitted from a  different
antenna, then the demultiplexer (555) alternates between the demodulation
paths (565 and 575) every other symbol. The output of the data
demultiplexer is the  reconstructed user data. [0066] In the
above-described embodiment of FIG. 5, cdj(n) and cd2(n) are  different data
despreading sequences and the pilot despreading sequences, cpl(n) and
cp2(n), are also dissimilar. The reason for this is described above with
reference to the  embodiment of FIG. 4. [0067] FIG. 6 illustrates a block
diagram of another alternate embodiment  receiver of the present invention.
This receiver, in one implementation, may be used WO 02/061963
PCT/US02/00682  11 in a wide band CDMA (WCDMA) environment. The WCDMA
standard is well  known in the art and is not discussed further. The
receiver illustrated in FIG. 6 may  also be used in other multiple access
environments requiring the time tracking  provided by the present
invention. [0068] While the embodiment of FIG. 4 has been illustrated with
two fingers,  the embodiment of FIG. 6 shares some of the hardware and
firmware, such as the  despreaders, rotators, and accumulators, between the
two fingers. It can be seen that  blocks 416 and 431 of the two fingers
(460 and 470) carry the same signal x(n).  Additionally, blocks 421 and 435
carry the same signal z(n). The only difference  between the two fingers is
the pilot Walsh code used in despreading the signals. [0069] In the WCDMA
standard, cp1 and Cp2 have a special relationship over  the correlation
duration of 512 chips. This relationship is expressed as: cp2(n) = cpi(n)
for n = 0 to 255; and  cp2(n) = -cpi(n) for n = 256 to 511. 



[0070] In order to generate the sums illustrated in the discussion of FIG.
4, a  single adder may be used that accumulates over consecutive 256-chip
intervals. This  adder would form the following sums: suml = sum(x(n) *
cpl(n)) for n = 0 to 255; and  sum2 = sum(x(n) * cpt(n) for n = 256 to 511.
[0071] The embodiment of FIG. 6 implements this reduced hardware version
of FIG. 4. Referring to FIG. 6, the receiver is comprised of a demodulation
path (601)  in which the digital data stream from the radio
frequency-to-baseband converter is  demodulated at the same time offset, z.
The demodulation path (601) of FIG. 6 is  substantially similar to the
demodulation path (465) illustrated in FIG. 4. Therefore,  refer to the
above discussion for the operation of the demodulation path (601) of FIG.
6. WO 02/061963 PCT/US02/00682  12 [0072] In parallel with the demodulation
at offset time T, the receiver of FIG.  6 demodulates the digital data
stream at offsets ('r - 0.5) (605) and ('t + 0.5) (610) in  order to
generate a more accurate ti from the pilot signal associated with the
digital  data stream. The early (605) and late (610) samples are performed
in order to generate  an error signal that is used to track T. [0073] The
early (605) and late (610) signals are then despread with the Walsh  code
cpl(n) (610 and 615). These signals are then accumulated (620 and 625) over
a  256-chip interval in order to generate an output of one symbol from each
summer  (620 and 625). [0074] The symbols are then input to delay blocks
(630 and 635) that enable  the symbols to be alternately added or
subtracted from themselves, depending on the  state of the control signals
a, and a2. Control signals al and a2 are generated by the  mobile station's
controller (660) that is described subsequently in reference to FIG. 7.
The process the controller (660) uses to determine the state of the control
signals  depends on the pilot structure and symbol number as illustrated in
FIG. 8. [0075] FIG. 8 shows a table of the pilot structure of WCDMA as is
well  



known in the art. The top line of the table is the pilot structure as
transmitted from a  diversity antenna while the second line is the pilot
structure as transmitted from the  primary antenna. The symbol number
corresponds to a particular group of pilot  symbols, (A, A) or (-A, A).
[0076] Using the symbol numbers of FIG. 8, the controller (660) generates
the  control signals a, and a2 as follows: Symbol No.a,a2 0& l1-1 2&3-11
4&51-1 6&7-11 [0077] Referring again to FIG. 6, the above control signals
are used in  generating the yi and y2 sums by multiplying (632, 634, 637,
and 639) either the WO 02/061963 PCT/US02/00682 13 symbol or the delayed
symbol by "1" or "-1" before summing (631, 633, 636, and  638). As an
example, during symbol "0" yl = suml + sum2, where suml and sum2  are
illustrated above. Also during symbol "0", y2 = suml - sum2. [0078] The
signals y, and y2 are then sampled at 512-chip intervals (640 and  645).
This sampling recovers the original symbol. [0079] The magnitude of the
recovered symbols are then squared (661 - 664)  before the early yl and y2
signals are summed (670) in order to generate the A signal.  The negatives
of the late y, and y2 signals are summed (675) in order to generate the  B
signal. As in the embodiment of ;FIG. 4, the A and B signals are input to a
weighted average block (680). The output of the weighted average (680) is
then input  to the time tracking loop (685) in order to generate the
updated T, ,r'. [0080] While the above-described methods and apparatuses of
the present  invention use delays of  0.5 chip time and weighting of error
signals to obtain a  measure of timing error, alternate embodiments use
other processes to obtain a  measure of the timing error. Additionally,
alternate embodiments may be used to  



allow the demodulating elements to independently time track the signals
from each  antenna. [0081] FIG. 7 illustrates a block diagram of a mobile
station incorporating the  time tracking processes and apparatuses of the
present invention. The mobile station  is comprised of a transmitter (702)
and receiver (701) that are coupled to an antenna  (703). The transmitter
modulates the aural signals from a microphone (705) for  transmission. In
some cases, depending on the type of communication device, the  transmitter
(702) or other device may digitize the aural signal from the microphone
(705) as part of the modulation process. The antenna (703) then radiates
the signal to  a base station. [0082] The receiver (701) is comprised of
the time tracking processes and  apparatuses described above. The receiver
is responsible for receiving, tracking, and  demodulating signals received
over the antenna (703). In some communication  devices, the receiver may be
responsible for converting received digital signals into  their analog
equivalent for radiation by the speaker (706). WO 02/061963 PCT/US02/00682
14 [0083] The communication device is controlled by a processor (704) such
as a  microprocessor or other controlling device. The processor is coupled
to and controls  the transmitter (602) and receiver (601) functions. For
example, the processor may be  used to monitor the fingers for proper
tracking and to execute the searcher and finger  assignment algorithms.
[0084] A display (607) and keypad (608) are coupled to the processor (604)
for displaying information entered by a user on the keypad (608). For
example, the  user may enter a telephone number using the keypad (608) that
is displayed on the  display (607) and subsequently transmitted to a base
station using the transmitter  (602). [0085] In the preferred embodiment,
the communication device is a CDMA  cellular radiotelephone incorporating
the time tracking of the present invention.  Alternate embodiments include
personal digital assistants with communication  



capabilities and computers with communication capabilities. [0086] As
discussed above, the embodiment of FIG. 4 works best in a Space  Time
Spreading system and the embodiment of FIG. 5 works best in an Orthogonal
Transmit Diversity system. However, these embodiments are not restricted to
just  those antenna diversity schemes. In other words, the embodiment of
FIG. 4 can  operate in an Orthogonal Transmit Diversity system and the
embodiment of FIG. 5  can operated in a Space Time Spreading system.
Additionally, each embodiment will  operate with any other type of transmit
or receive antenna diversity scheme. [0087] In summary, the processes and
apparatuses of the present invention  provide a mobile station with the
ability to time track received signals in an area  where the base stations
transmit using antenna diversity. Depending on how a base  station
transmits the user data on multiple antennas, the mobile receiver can use
either  an average timing error, to track the timing offset, or independent
error estimates from  each demodulating element to independently time track
the signals from each antenna.  What is claimed is: WO 02/061963
PCT/US02/00682  15 CLAIMS 1. A method for offset time tracking in a
non-negligible multipath  2 spacing environment encompassing an antenna
diversity system, the antenna diversity system comprising a plurality of
antennas each transmitting a modulated signal, the  4 method comprising:
demodulating each of the plurality of modulated signals based on a  6 time
offset, a plurality of data despreading sequences, and a plurality of pilot
estimates, each signal having a different data despreading sequence of the
plurality of 8 data despreading sequences and a different pilot estimate of
the plurality of pilot  estimates; 10 generating a plurality of time
tracking error signals, one for each of the  plurality of demodulated
signals, in response to a pilot despreading sequence for each  12 of the
plurality of demodulated signals; 



generating an average time tracking error signal in response to the  14
plurality of time tracking error signals; and generating an updated offset
in response to the average time tracking 16 error signal. 2. The method of
claim 1, wherein the plurality of modulated  2 signals are substantially
similar. 3. The method of claim 1, wherein the time tracking error signals
2 are generated from pilot signal samples performed a predetermined time
prior to the  time offset and a predetermined time subsequent to the time
offset. 4. The method of claim 3, wherein the predetermined time prior to
2 the time offset and the predetermined time subsequent to the time offset
are  substantially equal to one-half chip time. WO 02/061963 PCT/US02/00682
16 5. The method of claim 1, further comprising combining the  2 plurality
of demodulated signals into a single data signal. 6. The method of claim 5,
wherein the step of combining includes  2 demultiplexing the plurality of
demodulated signals. 7. The method of claim 1, wherein the updated offset
is generated  2 by a time tracking loop. 8. The method of claim 1, wherein
the antenna diversity system is  2 a receive antenna diversity system. 9. A
method for offset time tracking in a non-negligible multipath  2 spacing
environment encompassing an antenna diversity system, the antenna diversity
system comprising a plurality of antennas each transmitting a modulated
signal, the  4 method comprising: generating a first demodulated signal in
response to a first modulated  6 signal of the plurality of modulated
signals, a first offset, a first data despreading  sequence, and a first
pilot estimate; 8 generating a second demodulated signal in response to a
second  



modulated signal of the plurality of modulated signals, the first offset, a
second data  10 despreading sequence, and a second pilot estimate;
generating a first error signal for the first demodulated signal in  12
response to a pilot signal sampling prior to the first offset, a pilot
signal sampling  subsequent to the first offset, and a first pilot
despreading sequence; 14 generating a second error signal for the second
demodulated signal in  response to a pilot signal sampling prior to the
first offset, a pilot signal sampling  16 subsequent to the first offset,
and a second pilot despreading sequence; generating an average error signal
in response to a weighted sum  18 between the first and second error
signals; and WO 02/061963 PCT/US02/00682 17 generating an updated offset in
response to the average error signal. 10. The method of claim 9, further
comprising combining the first  2 demodulated signal and the second
demodulated signal into a single data signal. 11. The method of claim 10,
wherein the first and the second  2 modulated signals are substantially
similar. 12. The method of claim 10, wherein the first and the second  2
modulated signals are alternating portions of a main data signal. 13. The
method of claim 9, wherein the step of generating the  updated offset
comprises performing a time tracking process with a time tracking loop  on
the average time error signal. 14. The method of claim 9, wherein the first
error signal and the  2 second error signal are weighted according to their
respective energy levels such that  the error signal having the lowest
energy level receives the lowest weighting. 15. The method of claim 9,
wherein the pilot signal sampling prior  2 to the first offset and the
pilot signal sampling subsequent to the first offset are performed at
one-half chip time intervals prior to the first offset and subsequent to
the  4 first offset. 16. The method of claim 9, wherein the updated offset
is used in  



2 demodulating further modulated signals received subsequent to the first
modulated  signal. 17. A method for offset time tracking in a
non-negligible multipath  2 spacing environment encompassing an antenna
diversity system, the antenna diversity WO 02/061963 PCT/US02/00682 18
system comprising a plurality of antennas each transmitting a modulated
signal, the  4 method comprising: demodulating a first modulated signal of
the plurality of modulated  6 signals into a first demodulated signal in
response to a first offset, a first data  despreading sequence, and a first
pilot estimate; 8 demodulating a second modulated signal of the plurality
of modulated  signals into a second demodulated signal in response to a
second offset, a second data  10 despreading sequence, and a second pilot
estimate; generating a first error signal for the first demodulated signal
in  12 response to sampling of a pilot signal, associated with the first
modulated signal, a  predetermined time prior to the first offset and a
predetermined time subsequent to the  14 first offset; generating a second
error signal for the second demodulated signal in  16 response to sampling
of a pilot signal, associated with the first modulated signal, a
predetermined time prior to the second offset and a predetermined time
subsequent to  18 the second offset; generating a first updated offset in
response to the first time error 20 signal; and generating a second updated
offset in response to the second time error 22 signal. 18. The method of
claim 17, further comprising combining the first  2 demodulated signal and
the second demodulated signal to form a combined signal that  is
substantially equivalent to the main data signal. 19. The method of claim
18, wherein the step of combining  



2 comprises demultiplexing the first and the second demodulated signals.
20. The method of claim 17, wherein the first and the second  2 modulated
signals are alternating portions of a main data signal. WO 02/061963
PCT/US02/00682 19 21. The method of claim 17, wherein the first updated
offset is  2 generated with a first time tracking loop and the second
updated offset is generated  with a second time tracking loop. 22. The
method of claim 17, further comprising demodulating  2 further received
signals using the first updated offset and the second updated offset. 23. A
method for offset time tracking in a non-negligible multipath  2 spacing
environment encompassing an antenna diversity system, the antenna diversity
system comprising a plurality of antennas each transmitting a modulated
signal, the  4 method comprising: demodulating a first modulated signal of
the plurality of modulated  6 signals into a first demodulated signal in
response to a first offset; demodulating a second modulated signal of the
plurality of modulated  8 signals into a second demodulated signal in
response to a second offset; determining a first energy magnitude of the
first demodulated signal a  10 predetermined time prior to the first
offset; determining a second energy magnitude of the first demodulated
signal  12 a predetermined time subsequent to the first offset; generating
a first error signal for the first demodulated signal in  14 response to a
difference between the first and the second energy magnitudes;  determining
a third energy magnitude of the second demodulated 16 signal a
predetermined time prior to the second offset; determining a fourth energy
magnitude of the second demodulated  18 signal a predetermined time
subsequent to the second offset; generating a second error signal for the
second demodulated signal in  20 response to a difference between the third
and fourth energy magnitudes; 



generating a first updated offset in response to the first error signal; 22
and WO 02/061963 PCT/US02/00682 20 generating a second updated offset in
response to the second error 24 signal. 24. The method of claim 23, wherein
the predetermined time prior  2 to the first offset is half a chip time and
the predetermined time subsequent to the first  offset is half a chip time.
25. The method of claim 23, further comprising combining the first  2 and
second demodulated signals into a single data signal by demultiplexing the
first  and second demodulated subset signals through a data demultiplexer.
26. An offset time tracking apparatus that tracks a time offset in a  2
non-negligible multipath spacing environment encompassing an antenna
diversity system, the antenna diversity system comprising a plurality of
antennas each  4 transmitting a modulated signal, the apparatus comprising:
a timing offset that provides an indication of the modulated signal 6
location; a first demodulator, coupled to the timing offset, that generates
a first  8 demodulated signal in response to the timing offset and the
modulated signal; a second demodulator, coupled to the timing offset, that
generates a  10 second demodulated signal in response to the offset and the
modulated signal; means for generating a first energy magnitude error
signal for the first  12 demodulated signal, the means for generating
coupled to the timing offset,; means for generating a second energy
magnitude error signal for the  14 second demodulated signal, the means for
generating coupled to the timing offset;  means for generating an average
energy magnitude error signal in 16 response to the first and second error
signals; and a time tracking loop, coupled to the means for generating an
average  18 energy magnitude error signal, that generates an updated offset
in response to the  



average energy magnitude error signal. WO 02/061963 PCT/US02/00682 21 27.
The apparatus of claim 26, further comprising a radio  2
frequency-to-baseband converter, coupled to both the first and second
demodulators,  for converting the modulated signal to a baseband frequency.
28. The apparatus of claim 26, further comprising means for  2 weighting
the first and the second energy magnitude error signals in response to
their  respective magnitudes. 29. An offset time tracking apparatus that
tracks a time offset in a  2 non-negligible multipath spacing environment
encompassing an antenna diversity system, the antenna diversity system
comprising a plurality of antennas each  4 transmitting a modulated signal,
the apparatus comprising: a first timing offset that provides an indication
of the first modulated  6 signal location; a second timing offset that
provides an indication of the second  8 modulated signal location; a first
demodulator, coupled to the first modulated signal and the first  10 timing
offset, that generates a first demodulated signal; a second demodulator,
coupled to the second modulated signal and the  12 second timing offset,
that generates a second demodulated signal; means for generating a first
error signal for the first demodulated  14 signal, the means for generating
coupled to the first timing offset and the first  modulated signal; 16
means for generating a second error signal for the second demodulated
signal, the means for generating coupled to the second timing offset and
the second  18 modulated signal; a first time tracking loop coupled to the
means for generating the first  20 error signal, the first time tracking
loop generating an updated first timing offset that  is used for subsequent
demodulation of the first modulated signal; and 



WO 02/061963 PCT/US02/00682 22 22 a second time tracking loop coupled to
the means for generating the  second error signal, the second time tracking
loop generating an updated second 24 timing offset that is used for
subsequent demodulation of the second modulated  signal. 30. The apparatus
of claim 29, further comprising a data  2 demultiplexer coupled to the
first and the second demodulated signals, the data  demultiplexer combining
the first and the second demodulated signals. 31. The apparatus of claim
29, wherein the means for generating  2 the first error signal further
comprises: means for determining a prior energy level of the first
demodulated  4 signal a predetermined time prior to the first timing
offset; means for determining a subsequent energy level of the first  6
demodulated signal a predetermined time subsequent to the first timing
offset; and  means for combining the prior and the subsequent energy levels
to  8 generate the first error signal. 32. The apparatus of claim 29,
wherein the means for generating  2 the second error signal further
comprises: means for determining a prior energy level of the second
demodulated  4 signal a predetermined time prior to the second timing
offset; means for determining a subsequent energy level of the second  6
demodulated signal a predetermined time subsequent to the second timing
offset; and  means for combining the prior and the subsequent energy levels
to  8 generate the second error signal. 33. In a mobile station receiver, a
method for offset time tracking  2 in a non-negligible multipath spacing
environment encompassing an antenna diversity WO 02/061963 PCT/US02/00682
23 system, the antenna diversity system comprising a plurality of antennas
each  



4 transmitting a modulated signal, the method comprising: demodulating each
of the plurality of signals based on a time offset, a  6 plurality of data
despreading sequences, and a plurality of pilot estimates, each signal
having a different data despreading sequence of the plurality of data
despreading  8 sequences and a different pilot estimate of the plurality of
pilot estimates; generating a plurality of time tracking error signals, one
for each of the  10 plurality of demodulated signals, in response to a
pilot despreading sequence for each  of the plurality of demodulated
signals; 12 generating an average time tracking error signal in response to
the  plurality of time tracking error signals; and 14 generating an updated
offset in response to the average time tracking  error signal. 34. In a
mobile station receiver, a method for offset time tracking  2 in a
non-negligible multipath spacing environment encompassing an antenna
diversity system, the antenna diversity system comprising a plurality of
antennas each  4 transmitting a modulated signal, the method comprising:
demodulating a first modulated signal of the plurality of modulated  6
signals into a first demodulated signal in response to a first offset, a
first data  despreading sequence, and a first pilot estimate; 8
demodulating a second modulated signal of the plurality of modulated
signals into a second demodulated signal in response to a second offset, a
second data  10 despreading sequence, and a second pilot estimate;
generating a first error signal for the first demodulated signal in  12
response to sampling of a pilot signal, associated with the first modulated
signal, a  predetermined time prior to the first offset and a predetermined
time subsequent to the  14 first offset; generating a second error signal
for the second demodulated signal in  16 response to sampling of a pilot
signal, associated with the first modulated signal, a WO 02/061963
PCT/US02/00682  24 



predetermined time prior to the second offset and a predetermined time
subsequent to  18 the second offset; generating a first updated offset in
response to the first time error 20 signal; and generating a second updated
offset in response to the second time error 22 signal. 35. A method for
offset time tracking in a non-negligible multipath  2 spacing environment
encompassing an antenna diversity system, the antenna diversity system
comprising a plurality of antennas each transmitting a modulated signal,
the  4 method comprising: demodulating each of the plurality of modulated
signals into a plurality  6 of demodulated signals, each signal being
demodulated in response to an offset, a data  despreading sequence, and a
pilot estimate; 8 generating a plurality of error signals, one for each of
the plurality of  demodulated signals, each in response to sampling of a
pilot signal associated with  10 each modulated signal a predetermined time
prior to the offset and a predetermined  time subsequent to the offset; and
12 generating a plurality of updated offsets, each in response to each of
the plurality of time error signals. 36. The method of claim 1, wherein the
antenna diversity system is  2 a receive antenna diversity system. 37. A
method for offset time tracking in a non-negligible multipath  2 spacing
environment encompassing an antenna diversity system, the antenna diversity
system comprising a plurality of antennas each transmitting a modulated
signal  4 having an associated pilot signal, the method comprising: WO
02/061963 PCT/US02/00682  25 demodulating a modulated signal of the
plurality of modulated signals  6 based on a time offset, a data
despreading sequence, and a plurality of pilot estimates  of an associated
pilot signal; 



8 generating an early time tracking error signal in response to a pilot
despreading sequence for the associated pilot signal, an accumulation of
the pilot  10 signal over a predetermined interval, and a first plurality
of sum signals that are  generated in response to a symbol position in the
associated pilot signal; 12 generating a late time tracking error signal in
response to the pilot  despreading sequence for the associated pilot
signal, an accumulation of the pilot  14 signal over the predetermined
interval, and a second plurality of sum signals that are  generated in
response to the symbol position in the associated pilot signal; 16
generating an average time tracking error signal in response to the  early
and late time tracking error signals; and 18 generating an updated offset
in response to the average time tracking  error signal. 38. A method for
offset time tracking in a non-negligible multipath  2 spacing environment
encompassing an antenna diversity system, the antenna diversity system
comprising a plurality of antennas each transmitting a modulated signal  4
having an associated pilot signal, the method comprising: generating a
demodulated signal in response to a modulated signal of  6 the plurality of
modulated signals, an offset, a data despreading sequence, and a  plurality
of pilot signal estimates; 8 generating an early despread signal for the
demodulated signal in  response to a sampling of an associated pilot signal
prior to the offset and a pilot  10 despreading sequence; accumulating the
early despread signal over a predetermined chip  12 interval to generate a
first symbol; generating a first sum for the early despread signal that is
made up of  14 the first symbol and a delayed first symbol; WO 02/061963
PCT/US02/00682  26 generating a second sum for the early despread signal
that is made up  16 of the first symbol and a negative of the delayed first
symbol; 



generating a first error signal in response to a sampling of the first and
18 second sums for the early despread signal; generating a late despread
signal for the demodulated signal in  20 response to a sampling of the
associated pilot signal subsequent to the offset and the  pilot despreading
sequence; 22 accumulating the late despread signal over the predetermined
chip  interval to generate a second symbol; 24 generating a first sum for
the late despread signal that is made up of the  first symbol and a delayed
first symbol; 26 generating a second sum for the late despread signal that
is made up of  the first symbol and a negative of the delayed first symbol;
28 generating a second error signal in response to a sampling of the first
and second sums for the late despread signal; 30 generating an average
error signal in response to a weighted sum  between the first and second
error signals; and 32 generating an updated offset in response to the
average error signal. 39. The method of claim 38, wherein the predetermined
chip  2 interval is 256 chips. 40. The method of claim 38, wherein the
sampling of the first and  2 second sums for the early and late signals is
performed at 512 chip intervals. 


