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of signals tg?y@mtted froma set of satellites including 35 the steps of
storing coarse search data, perform ng a coarse search on said coarse
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present invention is directed to providing GPS functionality in a cellular

25 telephone system with a minimum of additional hardware, cost and power

consumption.

SUMMARY OF THE INVENTION
30

The present invention is a novel and improved method and
apparatus for performing position location in wireless communications
system. One embodiment comprises a method for performing position
location using a set of signals transmitted from a set of satellites including

35 the steps of storing coarse search data, performing a coarse search on said
coarse search data for each satellite from said set of satellites, receiving fine
search data, performing a set of fine searches on said fine search data, each
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Fig. 5is a receiver configured in accordance with an alternative
. enbodi nent of the invention; 20 Fig. 6 is a flow chart of the stepsUSFEB 2003

.performed @ghAigseg POSition |ocation operation; Fig. 7 is gram
of a DSP configur ed in accordance with one enbodi nent of tﬁleé#/ﬁs%)n ?%n

Fig. 8is a flowchart illustrating the2steps performed during a search 25
performed in accordance with one enbodi nent of the invention; Fig. 9 is a
time line illustrating.the phases over which fine and coarse searches are

performed finesearanbeitignpaforhed hen andiéfetérdntiniel sgegriént of 8aid fike Iseaectof t he
search pro S e I n accordance with one enbodi ment of the
sear o Pr OggES Al %faaung Rl . i

i nventi on; am of search space. Fig. 12 is a block
di agram of .a receiver in accordance with another enbodi ment of the
i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED 35 EMBCDI MENTS A novel and
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C/ A code that re
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C/ A code an
30 Fig. 11 is a diagram of search space.

Fig. 12 is a block diagram of a receiver in accordance with another
embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
35 EMBODIMENTS

A novel and improved method and apparatus for performing
position location in wireless communications system is described. The



35°code before carrier nodul ati on, provides systeminformation such_as
satellite orbits and clock corrections. The L1 carrier is nodul at edﬂgy{:&ﬂh@m
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code that repeats every Ins. The P code, which is used for PPS, is a 10.23
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25 a higher degree of accuracy in positioning.

The L1 carrier is modulated by the Coarse Acquisition (C/A) code, a
1023-chip pseudorandom code transmitted at 1.023 Mcps that is used for civil
position location services. (The Coarse Acquisition code should not be
confused with the coarse and fine acquisitions described herein, which both

30 involve the use of the C/A codes.) Each satellite has its own C/A code that
repeats every Ims. The P code, which is used for PPS, is a 10.23 MHz code
that is 267 days in length. The P code appears on both carriers but is 90
degrees out of phase with the C/A code on the L1 carrier. The 50Hz
navigation message, which is exclusive-ORed with both the C/A code and P

35 code before carrier modulation, provides system information such as
satellite orbits and clock corrections.

The L1 carrier is modulated by the Coarse Acquisition (C/A) code, a
1023-chip pseudorandom code transmitted at 1.023 Mcps that is used for civil
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unit then selects the maximum (in magnitude) of (Enl + En2) (in case the

30 data stayed the same) and (Enl — En2) (in case the data changed) to account
for the phase change. The mobile unit also has the option of performing
non-coherent combining of the two halves over this data window or
avoiding this data window completely.

In an alternative embodiment of the invention, the mobile unit

35 attempts to find the data transitions without the aiding information from
the base station by comparing the magnitude squared of the sum and
difference in 1 ms coherent integration.
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Recal | tR8t metlpnel@a@m@/ Lemrtbe qostestabRlogks (Bnge they ROSHIAN dpcation has
chips to saveedrepBffraad, SRMPBbaki Wit 1é%@/lesmfrﬁjﬁe atnétegrmlsl on times |onger

ke the phase of FEhd bt AGREEBRERILS. DVEr OeREEr Feom frmaned SR 10
mat hemat i cal hcc,orddaecelw&hcmﬁtee&rﬁodrmagrei tlonirsventiort.h The PeFhpyriboppl the
rotation Canerl?t?ree)éga{r%ﬁlsn%d o%eranon Svith mihihil AdHinbRAf hatawake. DSP core
35 308, modem 306, interface unit 300, ROM 302 and Memory (RAM) 304 are
coupled via bus 306. Interface unit 300 receives RF samples from an RF unit
(not shown) and provides the samples to RAM 304. The RF samples can be
stored at coarse resolution or fine resolution. The DSP core 308 processes
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erforned i er t ars ifferen :
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conbined with t requency hase o et and to rotate the | ms
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where the boundaries aré for: each sat el
processed over the same 18ms data window and the best chipx2 hypothesis

that exceeds a threshold is obtained for each satellite. Although a 2ms
coherent integration time (with 9 non-coherent integrations) is used in one
embodiment of the invention, longer coherent integration times can be

25 used (for example 18ms), although preferably where additional adjustments
are made as described below.

Once the coarse search is performed, a fine search is conducted, at step
606. Before beginning the fine search, the DSP computes the rotated C/A
code for each of the satellites. This allows the DSP to process the fine search

30 in real-time. In performing the fine (chipx8 resolution) search, the satellites
are processed one at a time over different data.

The DSP first slews the decimator to compensate for code Doppler for
the given satellite(s). It also resets the Rx AGC value while waiting for the
next 1ms boundary before storing a 1ms coherent integration window of

35 chipx8 samples.

The DSP processes 5 contiguous chipx8 resolution hypotheses on this
Ims coherent integration window, where the center hypothesis is the best
hypothesis obtained in the coarse search. After processing the next lms
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persons | I Nt rt. to e [ use e resent ,1 nventjo e varl ous
D o T ont o the B3 Bhboho, THEE e WRrbPHAIERSHabbAiTds the 108
skilled in theogam cade inte the 125 enemiony, phe DR cieags itsed aanmeryorye and

applied to ofdelrte ghigy,s W thout the use of the inventive faculty.
Thus, the preserft ﬁ?\?entlonr is not intended to be limted to the

enbodi medPs shownFigedeisna wliggradn t ilustratingo the fine searde perioemes afgsitheent
with the prigsdreé esarahd Adernigukitinigeteubest dhipLld phase hethé toadeakdh, Ghal MED

7. V-1’ BB OB £ e KRR G T DR B B ORTBe on usi ng
a set of 2 signal $herapbasesttedcdmpare n shae figle smtreth |are eshovan tarpiosednly tahe
steps of; (@j)ecp] 1&.”Qh%9?eﬁ§ Ehii‘ié_rpgﬂsg% %vafua%em*ggkr? sbah Ok 'PBBE% An( D)
perform ng a coarse search on-said coarse search-data for each satellite
horn sai dUsebe sradepuer thesame get(f)datay dihys dse pllowsathe caatsy; searcly gnd
151, St st ot s s bl
dat a: 10" (A5CHASHRLY 0% SRS S BEHst SR B o HOpg BAYi B sgal P RE e A1)
reporting refuldssledDappleansni ssion to an external location. '
Fig. 10 provides a time line of the search process when performed in
25 accordance with one embodiment of the invention. The overall processing
time (coarse + fine search) is performed in about 1.324 seconds in one
embodiment of the invention, which does interrupt the call, but still allows
the call to continue once the search is performed. The total search time of
1.324 seconds is an upper bound, because it assumes that the DSP needs to
30 search all 8 satellites and each satellite has a search window of 68 chips. The
probability that the entire 1.324 seconds will be necessary is small, however,
due to the geometry of the satellite orbits.
During the first 18ms 80, IQ sample data is collected at the GPS
frequency. During the period 82, a coarse search is performed internally
35 which could last up to 1.13 seconds, but which will probably terminate early
when the satellite signals are identified. Once the coarse search is
performed, the C/A codes are computed during time period 84, which takes
24 ms. During time periods 86 the slew value is adjusted for code Doppler
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sai d coarse search results. 4. The nethd2 as set forth in claim1l wherein
said each fine 2 seaz~ch and each coarse search are perfornmed over a
duration of sanples that corresponds to snore than a 14 ns duration. 5.
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Doppler, the transmission of data over the GPS signals at 50Hz rate -can
cause problems if a data change occurs within the 18ms processing span (as
20 described above). The data change causes the phase of the signal to shift.
The 50Hz data boundaries occur at different places for each satellite. The
phase of the 50Hz transitions for each satellite have been effectively
randomized by the varying path lengths from each satellite to the phone.
In the worst case, if the data bit was inverted in the middle of a
25 coherent integration interval, the coherent integration could be completely
wiped out. For this reason, in an alternative embodiment of the invention,
the base station must communicate the data transition boundaries for each
satellite to the phone (also described above). Preferably, the data
transmission boundary is also included in the aiding message transmitted
30 from the base station (such as in a set of five bit messages indicating the
millisecond interval during which the transition occurs for each satellite).
The phone uses this boundary to split the coherent integration interval for
each satellite into 2 pieces and decide whether to add or subtract the
coherent integration sums in these 2 intervals. Thus, by also including the
35 data boundary of each GPS signal, the reliability of the location procedure is
increased.
In the exemplary embodiment of the invention, any frequency
uncertainty creates a loss in Ec/Nt that increases with the coherent
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As also noted above, there is always some unknown frequency offset
of the local oscillator in the mobile unit. It is this unknown frequency offset
that prevents longer coherent despreading and integration from being

10 performed. Longer coherent would improve processing if the effects of the
unknown frequency offset could be reduced.

In one embodiment of the invention, this unknown frequency offset
is accounted for by expanding the search space to 2 dimensions to include
frequency searches. For each hypothesis, several frequency searches are

15 performed, where each frequency search assumes the frequency offset is a
known value. By spacing the frequency offsets, one can reduce the
frequency uncertainty to an arbitrarily small value at the expense of .added
computation and memory. For example, if 5 frequency hypotheses are used,
the resulting search space is shown in Fig. 10.

20 For a +/-100Hz frequency uncertainty, which is the typically operating
specification of a mobile unit, this configuration reduces the maximum
frequency offset to 20Hz (one hypothesis must be within 20Hz of the actual
frequency offset). With a 20ms coherent integration time, the loss in Ec/INt
with a 20Hz frequency offset is 2.42 dB. By doubling the number of

25 frequency hypotheses to 10, the frequency uncertainty can be reduced to
10Hz, which causes an Ec/Nt loss of .58dB. However, adding additional
hypotheses widens the search space, which increases both the computation
and memory requirements.

One embodiment of the invention computes the frequency

30 hypothesis by lumping the frequency offset in with the frequency Doppler,
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-9 S10% & ()e'mgt%i;ne]rg" "of the invention. Therefore, by dividing the coherent
integration interval up into lms subintervals, the integration sums of the
10 subintervals are rotated to reduce the added computations needed to
compute the frequency searches by three orders of magnitude. The result is
that longer coherent despreading can be performed, and performance
improved.
Fig. 12 is a block diagram of a receiver configured in accordance with
15 the use of longer coherent despreading approach. The first set of multipliers
50 compensates for the frequency Doppler by correlating the IQ
samples with a rotated C/A code. This is equivalent to rotating the IQ
samples before correlation with the unmodified C/A code. Since the
frequency Doppler can be as large as 4500Hz, the rotation is applied to every
20 chip. After coherently integrating over a lms interval (1023 chips) using
accumulators 52, the second set of multipliers 54 rotates the 1ms integration
sums ( and _) to implement the frequency hypothesis. The rotated sums
are then added over the whole coherent integration interval.
Recall that the frequency Doppler rotation was only computed on
25 1023 chips to save memory and computation. For coherent integratior
times longer than 1ms, each coherent integration sum are multiplied by a
phase offset to make the phase of the rotation continuous over time. To
show this mathematically, the 1lms coherent integration sum with
frequency Doppler rotation can be expressed as:

30 S, = ;[I(m jom Kmye et o 4 =Re{S,} and o= Im( S, }

where I(n) and Q(n) are the input samples received on the I and Q
channels respectively, c(n) is the unrotated C/A code, w, is the frequency
Doppler, and T, is the chip interval (.9775us). A 2ms coherent integration
sum can be expressed as:

35 S(2ms) = Z [I(n) + J'Q(n)]:(n)e"!""mn

n=l
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08B T0aoalnS integration sumb, We can Combink this operaton) with the freduency
search to avoid having to perform 2 rotations. That is, since
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we can multiply the (n+1)th lms integration sum by elwihnims tq
search a frequency hypothesis and account for the frequency Doppler phase
offset.

Note that the frequency search can be reduced after acquiring one

20 satellite, because the frequency uncertainty is not dependent on the satellite.
A much finer frequency search can be performed if a longer coherent
integration is desired. '

In the exemplary embodiment of the invention, the fine search is
performed in similar manner the coarse search with 2 differences. Fifst, the

25 integration intervals are always added coherently instead of squaring and
adding noncoherently. Second, the rotation to remove the frequency
uncertainty (which should be known after the coarse search) is combined
with the frequency Doppler phase offset and used to rotate the 1ms coherent
integration intervals before adding them together.

30 In an alternative embodiment of the invention, the coherent
integration window of chipx2 data is integrated for integration times longer
than 18ms. This embodiment is useful were additional memory is
available. For coherent integrations longer than 18ms, the 50Hz data
boundaries are treated the same as with shorter integration periods. The

35 base station indicates where the boundaries are for each satellite and the DSP
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10 Since a 20ms integration with a 20Hz frequency uncertainty resulted in a
loss in Ec/Nt of 2.42 dB, maintaining the same loss with an integration time
of 400ms requires that the frequency uncertainty be reduced to 1Hz. To
correct for this problem, the frequency uncertainty is reduced down to 1Hz

10 in a hierarchical manner. For example, a first frequency search reduces the
uncertainty from 100Hz to 20Hz, a second search reduces the uncertainty to 4
Hz, and a third search reduces the uncertainty to 1Hz. The frequency search
will also compensate for errors in the frequency Doppler obtained from the
base station.

15 Additionally, to perform longer integrations only satellites with
similar Doppler are searched over the same data for long integration times,
since the code Doppler is different for each satellite. The DSP computes how
long it takes to slip 1/16 of a chip and slews the decimator as it collects a
coherent integration data window. Additionally, multiple data windows

20 are taken in this embodiment.

Thus, a method and apparatus for performing position location in
wireless communications system has been described. The previous
description of the preferred embodiments is provided to enable any person
skilled in the art to make or use the present invention. The vé_rious

25 modifications to these embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein may be applied to other
embodiments without the use of the inventive faculty. Thus, the present
invention is not intended to be limited to the embodiments shown herein
but is to be accorded the widest scope consistent with the principles and

30 novel features disclosed herein.

WHAT IS CLAIMED IS:
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1 A method for performing position location using a set of

signals transmitted from a set of satellites comprising the steps of:

(a) storing coarse search data at a mobile radiotelephone;

(b) performing a coarse search on said coarse search data for each
satellite from said set of satellites;

(¢} receiving fine search data;

(d) performing a set of fine searches on said fine search data, each fine
search being performed on a different time segment of said fine
search data;

(d1) using a rotator to correct for doppler irregularities;

(e) reporting results via transmission to an external location.

2. The method as set forth in claim 1 wherein said coarse search is
performed over at lower resolution, and said fine search is performed at
higher resolution.

3. The method as set forth in claim 2 wherein said fine search is
performed over a window centered at offset corresponding to said coarse
search results.

4. The method as set forth in claim 1 wherein said each fine
search and each coarse search are performed over a duration of samples that
corresponds to more than a 10 ms duration.

S. The method as set forth in claim 4 wherein each coarse search
is performed over a substantially identical portion of said coarse search data.

6. The method as set forth in claim 1 further wherein said fine
search data is deleted after processing, but before said fine search has been

completed.

7. The method as set forth in claim 1 wherein said fine searches
are performed for each of said satellites.
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10. The method as set forth in claim 1 wherein said different time
2 segments overlap.

™
11. A method for performing position location in a wireless
2 communication system using a set of signals transmitted from a set of
satellites comprising the steps of:
4 (@)  collecting approximately 18ms of lower resolution samples and
storing the samples at a mobile radiotelephone;
6 (al) using a rotator to correct for doppler irregularities
(b) performing a set of coarse searches over said lower resolution
8 samples;
(©  computing acquisition codes based on said set of coarse search;
10 (d)  start collecting higher resolution samples;
; () performing a set of fine searches on said higher resolution
12 samples; and

® ending collection of higher resolution samples.

12.  The method as set forth in claim 11 wherein step (e) is
2 comprised of the repeatedly performed steps of:

(e-1) adjusting a phase of a sampling clock;
4 (e2) performing a fine search for a signal from one satellite.

13. The method as set forth in claim 11 wherein said lower
2 resolution samples are chipx2 samples.

14. The method as set forth in claim 11 wherein said higher
2 resolution samples are chipx8 samples. )

15.  The method as set forth in claim 11 further comprising the step
2 of transmitting reverse link frames containing position location
information based on said higher resolution samples to a base station.
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