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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 of the invention comprises a method of
performing position location in a wireless subscriber unit having a local
oscillator, including the steps of receiving a position location request,

35 acquiring a timing signal when a sufficient period of time has elapsed since
the local oscillator has been corrected and correcting said local oscillator
using a correction signal based on said timing signal, substantially freezing
the correction signal, performing a position location procedure using the
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Fig. 4 is another block diagram of the receiver depicted in Fig. 3; (FMRR 208
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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.

35 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A novel and improved method and apparatus for performing
position location in wireless communications system is described. The
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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. Each satellite has its own C/A code that repeats
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correction 31gna1 generated based on that error.
The flow then leads to step 504, where the correction signal is frozen
25 at the current value. At step 506, enters GPS mode and performs the

) position location using the corrected clock. Once the position location has
been performed, the mobile unit leaves GPS mode at step 508.

Fig. 7 is an illustration of a DSP receiver system configured in

accordance with one embodiment of the invention. The DSP performs the

30 entire searching operation with minimal additional hardware. DSP core

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

35 the samples stored in memory using instruction stored in ROM 302 as well

as in memory 304. Memory 304 may have multiple "banks" some of which

store samples and some of which store instructions. Modem 700 performs

CDMA processing during normal mode.
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. position | ﬁrobl?f{“i n a wreless subscriber unit having a | ocptreseidobat or,
conpri si ng eps of: receiving a poswtll on | ocation request; acquiring a
- timng signal a period of time after the l'ocal oscillator had been

corrected and correc a|d | oc osci | | at or usj g corr
based on saiRFOCEs bRf i"sﬁag ites QYRL the sAme dater toets EBF[} t‘P %(:fﬁal

perform ng ajdtasets. dn dmaabfgmaaé,@c@dybezmm Hhth hﬁ_nld@wd o93end had asedMérh
the correcti glnaérl‘énal Eppl i ed; and ending said position |ocation procedure.
2. The met hd€ 8821 Brth in claim1 wherein said timng signal is a pilot

s: gnal 2of a w relhaallypmmapcms; the saseilignare Jepditednet thednderamo céssor fanidn
et fort o g hir Brofse 2%%‘]‘%‘*5%‘3#%"])’5? XS %]J Sjihag, o
The net hod &bhe BXSPY xepiolntsi psenidaorangemlthe mmsmptqcessm svlgiahl forwaadsr thvem
pi Lot signaly, fhe Hage TRAAG Ohsfekrati ni #@ﬁs&&’@% ?éé‘ﬁ t?\teego?(f)der

entering a communi cafions node after per 05| ocati 0
procedure. .pegrRAmAcOdeintee the TRR memazyAthey, clene{rs AtSS dam mﬁmow andy ;|
' K8} } wr ngb] Wekeaiscieceddadrcal call ca] ca] cal ca] ca] ca] ca] cal] ca] ca] cRa] ca] ca]
caljcal C% cal cal Cfi]gcg] igaawd(igélpa%qw l(flaﬁstratmg the fme segx#ch#lp#w?orm?f after the
coarse search. After isolating the best chipx2 phase in the coarse search, the
DSP performs a fine search around this phase to gain chipx8 resolution.
) The 5 phases to compare in the fine search are shown enclosed by a
rectangle. The best chipx2 phase is evaluated again so that comparisons can
15 be made over the same set of data. This also allows the coarse search and
fine search to use different integration times. The fine search is performed
separately for each satellite because each satellite may have a different value
for code Doppler.
Fig. 10 provides a time line of the search process when performed in
20 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
25 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
30 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
and the Rx AGC is further adjusted. During time periods 88, fine searches
35 are performed on the IQ data samples, with continuous adjustment
performed during time periods 86. The use of 18 ms integration times
allows code Doppler to be neglected because the received C/A code phase
will be shifted by less than 1/16 of a chip. Up to eight sequences of
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these frames is preferably performed when GPS samples are not being
10 gathered when the RF circuitry is available, or while the GPS samples are
gathered if sufficient RF circuitry is available.

Although the use of 18ms integration time avoids the effects of code
Doppler, the transmission of data over the GPS signals at 50Hz rate car )
cause problems if a data change occurs within the 18ms processing span (as

15 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

20 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

25 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

30 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
integration time. For example, uncertainty of +/-100Hz, the loss in Ec/Nt

35 increases rapidly as the coherent integration time is increased, as shown in
Table 1.
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1023 (1ms) 0.14 dB
2046 (2ms) 0.58 dB
4092 (4ms) 242 dB
6138 (6ms) 594 dB
8184 (8ms) 126 dB
Table L.
5 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
performed. Longer coherent would improve processing if the effects of the
unknown frequency offset could be reduced.

10 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
performed, where each frequency search assumes the frequency offset is a
known value. By spacing the frequency offsets, one can reduce the

15 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. :

) For a +/-100Hz frequency uncertainty, which is the typically operating
specification of a mobile unit, this configuration reduces the maximum

20 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/Nt
with a 20Hz frequency offset is 2.42 dB. By doubling the number of
frequency hypotheses to 10, the frequency uncertainty can be reduced to
10Hz, which causes an Ec/Nt loss of .58dB. However, adding additional

25 hypotheses widens the search space, which increases both the computation
and memory requirements.

One embodiment of the invention computes the frequency
hypothesis by lumping the frequency offset in with the frequency Doppler,
and computing a new rotated PN code for each frequency hypothesis.

30 However, this makes the number of frequency hypotheses a multiplicative
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frequency Doppler can be as large as 4500Hz, the rotation is applied to every
chip. After coherently integrating over a 1ms interval (1023 chips) using
accumulators 52, the second set of multipliers 54 rotates the 1ms integration
20 sums (I, and X,) 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
1023 chips to save memory and computation. For coherent integration
times longer than 1ms, each coherent integration sum are mﬁltiplied by a
25 phase offset to make the phase of the rotation continuous over time. To
show this mathematically, the 1ms coherent integration sum with

frequency Doppler rotation can be expressed as:

1023

S, = ;l[l(n)+ ROV K™ yiih 5, = Rel S, } and Eg=Im{ S,

30
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, wy is the frequency
Doppler, and T, is the chip interval (.9775us). A 2ms coherent integration

sum can be expressed as:
35

2046
S(2ms) = Z [I( n) + ]Q(n)];'( n)e—Jw.,nL

n=l



- & ()-6!3%0%< <& ()-6!3%0% & ()-6! 3%0%

& ()-6!#c 39%0%x& ()-6aaj bZc. ddewlU3P4! | #° 394.0% j & ()- 6! # 39%40%& ()
0%x& ()-6! 39%40%t& ()-6!( 39%40%}& ()-6! 3%0%& ()-6eeeeee fgoMd! | # 3940%
il tw YOl OYR 00145681 Yoq 094HH () --5! (1§88 1 & ()-3! (10%4& () - PCTO§993%7)

10j j ghi Vj I | mMU3MA! | YOd0%B8& ()--5! YUd0% L& ()--5'0Y%d0u88& ()--5!" Yd0%H
& ()--5!" YYLOYHAL ()--5!" YXLOUCCE' () - - 5Srmooqgpp+pr S1! f #10%HHE () - &10%4& () -

MIOWE ()0 AU+ &3 1041029+ 00 102K

10LL! " Y94 09%.L

-2 5] L& ()--5+ppqr"s rSiT1#°T1 94 0%F

g0 MR 343

U f VLOVHEHE () - +1# 1 Yd0%HE ()- + (1 9L0% (& ()- + " fl940%& ()-
+1(F1940% (& ()- +&uv] yywua@1! I # 10
b,

10! * 1> 109& €)% ! t>' &0

1 f1 9409418 ()- + (" fl9%40% (& ()-

+Of1Y09 () - +yyyzz#z$z/ zI T71!1 10%00% () - ! 10%008 ()- ! 109008 () -

5

10

15

20

30

35

Here, S; is the first 1ms integration sum and S, is the second 1ms
integration sum computed using the same rotated C/A values that were
used to compute S;. The term eTWAAOBTE 4o the phase offset that
compensates for using the same rotated values. Similarly, a 3ms coherent
integrétion sum can be expressed as

S@ms) = S, + e MBS 4 g mCUELG

So to extend the integration time while using the same 1023-element
rotated C/A sequence, the (n+1) 1ms integration sum should be multiplied
by eTVIA™) petore being added to the whole sum. Since this is a rotation of
Ims integration sums, we can combine this operation with the frequency
search to avoid having to perform 2 rotations. That is, since

e—Jw,n(lms)e ~jwyn{lms) - e-_](w,+w‘, n(1ms)

we can multiply the (n+1)th 1ms integration sum by giwdrwhin(ms)

search a frequency hypothesis and account for the frequency Doppler phase
offset.

Note that the frequency search can be reduced after acquiring one
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. First, the
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.

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
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owever, because the product of the frequency uncertainty and the

integration time constant affects the loss in Ec/Nt, the frequency uncertainty
must be reduced to very small levels for long coherent integration intervals.
Since a 20ms integration with a 20Hz frequency uncertainty resulted in a
10 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
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
15 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.
Additionally, to perform longer integrations only satellites with
similar Doppler are searched over the same data for long integration times,
20 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
are taken in this embodiment.
Thus, a method and apparatus for performing position location in
25 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 various
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
30 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
novel features disclosed herein.

35 WHATIS CLAIMED IS:
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timing signal;

substantially freezing the correction signal;
performing a position location procedure using the local oscillator with the
correction signal applied; and

ending said position location procedure.

2, The method as set forth in claim 1 wherein said timing signal is a pilot signal of

a wireless communication system.

3. The method as set forth in claim 2 wherein said pilot signal is a CDMA pilot
signal.
4, The method as set forth in claim 2 wherein said pilot signal is a GSM pilot
signal.
5. The method as set forth in claim 2 wherein said pilot signal is a TDMA pilot
signal.
6. The method of claim 1 further comprising the step of entering a

communications mode after performing position location procedure.



