—

A N N O O L L L T 0 e L o T o e S U S G ey
L R = T L T S S R =T = B+« B R ¥ R Y ]

O© o0 ~1 & th & W b

Case 8:10-cv-01662-

ﬁmes.dowd wilmerhale.com
ICHAEL D. J.
michael.jay@wilmerhale.com
WILME
350 South Grand Avenue
Suite 2100

L.os Angeles, CA 90071
Telephone: . éZ 1 3; 443-5300
Facsimile: (213) 443-5400

william.lee@wilmerhale.com

60 State Street s
Boston, MA 02129
Telephone: (61 7} 326-6000-
Facsimile: (617) 526-5000-

david.bassett@wilmerhale.com

NICOLE E. FEIT
nicole.feit@wilmerhale.com

brian.sutherland.com

399 Park Avenue

New York, NY 10022
Telephone: (212) 230-8800
Facsimile: (212) 230-8888

Attorneys for Plaintiff
BROA]S’

JAMES M. DOWD (SBN 259578)
. JAY (SBN 223827)

WILLIAM F. LEE (pro hac vice to be filed)
LMER CUTLER PICKERING HALE AND DORR LLP

COM CORPORATION

BROADCOM CORPORATION
Plaintiff, |
\'A
CSR ple, SIRF TECHNOLOGY

HOLDINGS, INC., SIRF
TECHNOLOGY, INC.

Defendants.

US1DOCS 7696897v2

TLER PICKERING HALE AND DORR LLP

DAVID B. BASSETT (pro hac vice to be filed)
DAVID A. MANSPEIZER (pro hac vice to be filed)

david.manspeizer@wilmerhale.com .
ro hac vice to be filed)

BRIAN SUTHERLAND(pro hac vice to be filed)
WILMER CUTLER PICKERING HALE AND DORR LLP

- IN THE UNITED STATES DISTRICT COURT
FOR THE CENTRAL DISTRICT OF CALIFORNIA

SACV10-1662 AG(JCGX)
CIVIL ACTION NO.

| DEMAND FOR JURY TRIAL

COMFPLAINT FOR DECLARATORY HIDGMENT OF NON-INFRINGEMENT AND INVALIDITY

age 1 of 25 Page ID #

9




10
11
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27

28

|Patent Nos. 6,526,322 (“the ’322 patent”), 6,775,319 (“the ’319 patent”),

e oo} ~ =) W ES

Case 8:10-cv-01662-JVS -MLG Document1 Filed 10/28/10 Page 2 of 25 Page ID #

COMPLAINT FOR DECLARATORY JUDGMENT
Plaintiff Broadcom Corporation (“Broadcom”), brings this action against

CSR plc, SiRF Technology Holdings, Inc., and SiRF Technology, Inc.

(collectively “Defendants™) to obtain a declaratory judgment that United States

6,930,634 (“the 634 patent”) and 5,897,605 (“the *605 patent”) (collectively, the
patents-in-suit) are not infringed by Plaintiff and are invalid. A true and correct
copy of the patents-in-suit are attached hereto as Exhibits A-D. Plaintiff alieges as
follows:

THE PARTIES

1. Plaintiff Broadcom is a corporation organized under the laws of

California with its principal place of business at 5300 California Ave., Irvine,
California 92617.

2. Upon information and belief, Defendant CSR plc is a corporation
registered in the United Kingdom with its principal place of business at Churchill
House, Cambridge Business Park, Cowley Road, Cambridge, CB4 OWZ United
Kingdom, and with its U.S. headquarters in California.

3. Upon information and belief, Defendant SiRF Technology Holdings,
Inc., a wholly-owned subsidiary of CSR plc, is a Delaware corporation with its
principal place of business at 217 Devcon Drive, San Jose, California 95112.

4. Upon information and belief, Defendant SiRF Technology, Inc. a
wholly-owned subsidiary of Defendant SiRF Technology Holdings, Inc., is a
Delaware corporation with its principal place of business at 217 Devcon Drive, San
Jose, California 95112.

FACTUAL BACKGROUND
5. Since 2006, Broadcom and CSR have litigated at least three related

patent infringement suits in the United States District Court for the Central District

COMPLAINT FOR DECLARATORY JUDGMENT OF NON-INFRINGEMENT AND INVALIDITY
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of California. These actions all involve substantially the same or similar products,
and the patents-in-suit in those three litigations all relate generally to Global
Positioning Systems (“GPS”) and wireless technology. The Honorable James V.
Selna has presided over these three cases for nearly four years, and all involve
litigation between the same parties or their subsidiaries.

6. On December 15, 2006, Defendant SiRF Technology, Inc. filed a.
patent infringement action against Global Locate, Inc. in the United States District
Court for the Central District of California. SiRF Technology, Inc. v. Global
Locate, Inc., 06-cv-01216-JVS-MLG (C.D. Cal.). SiRF Technology, Inc. alleged
that Global Locate, Inc. infringed patents related to GPS and wireless technology.
Broadcom acquired Global Locate, Inc. on or about June 12, 2007. A true and |
correct copy of the Complaint is attached hereto as Exhibit E.

7. On May 14, 2008, Broadcom filed a patent infringement action
against Defendant SiRF Technology Inc. in the United States District Court for the
Central District of California. Broadcom Corp. v. SiRF Technology, Inc., 08-cv-
00546-JVS-MLG (C.D. Cal.). Broadcom alleged that SiRF’s GPS receivers and
multlmedla processors for GPS devices infringed patents owned by Broadcom. A
true and correct copy of the Complaint is attached hereto as Exhibit F.

8. On August 20, 2010, CSR filed a complaint against Broadcom in the
United States District Court for the Central District of California, alleging that
Broadcom infringed nine of its patents relating to GPS and wireless technology.
CSR plc v. Broadcom Corp., No. 10-cv-01281-JVS-MLG (C.D. Cal.). A true and
correct copy of the Complaiﬁt is attached hereto as Exhibit G.

9. On October 13, 2010, CSR filed another related action against
Broadcom, this txme in the United States District Court for the District of
Delaware. CSR plc v. Broadcom Corp., No. 10-cv-876-SLR (D. Del). CSR now
alleges that Broadcom infringed the ‘322, ‘319, ‘634 and *605 patents, all
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previously unasserted against Broadcom or its subsidiaries, which all relate
generally to the GPS and wireless technology at issue in the actions pending before
Judge Selna in this District. A true and correct copy of the Complaint is attached
hereto as Exhibit H.

JURISDICTION AND VENUE

10. This is a declaratory judgment action seeking a declaration of non-

infringement and/or invalidity of the claims of the ‘322, ‘319, ‘634 and *605
patents. This Court has subject matter jurisdiction over this action pursuant to 28
U.S.C. §§ 1331, 1338(a), 2201, and 2202. As CSR has asserted the ‘322, 319,
‘634 and 605 patents against Broadcom in an action brought in the United States
District Court for the District of Delaware, an actual case or controversy exists
between the parties. With the filing of this Complaint, Broadcom expects to
concurrently move that the Delaware court transfer venue of the action to this
District.

11.  Venue is proper in the Central District of California pursuant to 28
U.S.C. §§ 1391.

COUNTI

(Non-Infringement)

12.  Broadcom repeats and realleges the allegations of paragraphs 1-11 as
if fully set forth herein.

13. Broadcom does not infringe or willfully infringe any valid and
enforceable claims of the ‘322, 319, ‘634 and/or ‘605 patents. |

14. To resolve the legal and factual questions raised by CSR and to afford
relief from the uncertainty and controversy which CSR’s accusations have

precipitated, Broadcom is entitled to a declaratory judgment that it does not

COMPLAINT FOR DECLARATORY JUDGMENT OF NON-INFRINGEMENT AND INVALIDITY
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infringe or willfully infringe any valid and enforceable claim of the ‘322, ‘319,
‘634 and/or ‘605 patents. |

COUNT II

(Invalidity)

15. Broadcom repeats and realleges the allegations of paragraphs 1-11 as
if fully set forth herein.

16. One or more claims of the ‘322, ‘319, ‘634 and/or ‘605 patents are
invalid under one or more provisions of Title 35 of the United States Code,
including but not limited to 35 U.S.C. §§ 102, 103, and 112.

17. To resolve the legal and factual questions raised by CSR and to afford
relief from the uncertainty and controversy which CSR’s accusations have
precipitated, Broadcom is entitled to a declaratory judgment that one or more of
the claims of the <322, ‘319, ‘634, and/or ‘605 patents are invalid.

PRAYER FOR RELIEF
WHEREFORE, Broadcom requests entry of judgment in its favor and

against CSR as follows: |

A. Declaring that Broadcom does not infringe or willfully infringe the
‘322 patent and/or that one or more of the claims of the ‘322 patent are invalid.

B. Declaring that Broadcom does not infringe or willfully infringe the
‘319 patent and/or that one or more of the claims of the ‘319 patent are invalid.

C. Declaring that Broadcom does not infringe or willfully infringe the
‘634 patent and/or that one or more the claims of the ‘634 patent are invalid.

D. Declaring that Broadcom does not infringe or willfully infringe the
‘605 patent and/or that one or more of the claims of the ‘605 patent are invalid.

E. Finding that this is an exceptional case under 35 U.S.C. § 285 and
awarding Broadcom the costs and expenses of this litigation, including reasonable

attorneys’ fees and disbursements; and

COMPLAINT FOR DECLARATORY JUDGMENT OF NON-INFRINGEMENT AND INVALIDITY
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Dated: October 28, 2010

Of Counsel:
William F. Lee
I\i\/ﬂ%)mer Cutler Plckermg Hale and Dorr
60 State Street
Boston, Massachusetts 02109
617) 526-6000
617) 526-5000

David B. Bassett
David A. Manspeizer
Nicole E. Feit
Brian Sutherland
E&ﬁ)mer Cutler Pickering Hale and Dorr
399 Park Avenue
New York, NY 10022

212) 295-6358

212) 230-8888
ATTORNEYS FOR PLAINTIFFS
BROADCOM CORPORATION
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F.  Awarding Broadcom other such relief as is just and proper.
DEMAND FOR JURY TRIAL

Broadcom demands a trial by jury on all issues so triable.

Respectfully submitted,

By:
1chae

James Dowd

Michael Jay
E\S)mer Cutler Pickering Hale and Dorr
350 South Grand Avenue, Suite 2100
Los Angeles, CA 90071

213) 443-5300

213) 443-5400
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a2 United States Patent

(10) Patent No.: US 6,526,322 B1

Peng et al. 45) Date of Patent: Feb. 25, 2003
(54) SHARED MEMORY ARCHITECTURE IN 5,225,842 A 7/1993 Brown et al. .......... 342/357.09
GPS SIGNAL PROCESSING 5,293,170 A 3/1994 Lorenz et al. .............. 342/352
5,311,195 A 5/1994 Mathis et al. .......... 342/357.14
(75) Inventors: Leon Kuo-Liang Peng, Mountain g:;igégg 2 gj iggj gndo e ;j%gg;é;
. . ,343, ennott et al. ......... R
\Blle?gfl CgA(I(JI%) Henry D. Falk, Long 5345244 A 9/1994 Gildea et al. .......... 342/357.12
? 5,347,536 A 9/1994 Meehan ............coeeeee. 375/148
(73) Assignee: SiRF Technology, Inc., San Jose, CA (List continued on next page.)
(Us)
FOREIGN PATENT DOCUMENTS
(*) Notice: Sub]ect. to any dlsclalmer,. the term of this EP WO 90/11652 10/1990
patent is extended or adjusted under 35 EP 0511741 11/1993
U.S.C. 154(b) by O days. GB 2115195 1/1983
JP 58-105632 6/1983
(21) Appl. No.: 09/465,985 Ip 7-36035 5/1986
JP 4-326079 11/1992
(22) Filed: Dec. 16, 1999
OTHER PUBLICATIONS
(51) Int. CL7 oo GO5B 19/42; GO1C 21/02
(52) US.Cl .o, 700/5; 701/213; 711/148 ~ Mark Moeglein et al., document, “An Introduction to Snap
(58) Field of Search .............. 70072, 4, 5; 342/357.01,  Track™ Server-Aided GPS Technology”, 11pp, (undated).
342/357.05, 357.06, 357.07, 357.12; 711/147, Mark Markoff, As Seen in The New York Times: Deals to
148; 701/213-215 Move Global Postitioning Technology Toward Everyday
Use, Article, The New York Times, © 1998, 1pp.
(56) References Cited ) )
Primary Examiner—Paul P. Gordon
U.S. PATENT DOCUMENTS (74) Attorney, Agent, or Firm—Thomas, Kayden,
4426712 A 1/1984 Gorski-Popiel ............. 375343 ~ Horstemeyer & Risley, LLP
4,445,118 A 4/1984 Taylor et al. .......... 342/357.09 (57 ABSTRACT
4,463,357 A 7/1984 MacDoran .... ceveen. 342/460
4,578,678 A 3/1986 Hurd ..ocoovvinnnnnn. 342/357.12 A shared memory architecture for a GPS receiver, wherein
3’38}523 2 1(5); igg; JCOunselman, ... 3423/;2/7123 a processing memory is shared among the different process-
701, ASPET v . . . .
4754465 A 6/1988 Trimble ..... 37537608 kf.uncmns’ such o tt[lfl Correll.atolr. signal D i T
4785463 A 11/1988 Jane et al. ........... ... 375/147 Tacking processing, and other applcalions processing. 1he
4809.005 A 2/1989 Counselman, TII ......... 342/352 st}ared memory architecture within the GPS receiver pro-
4821294 A 4/19890 Thomas, Jt. ................ 375343  vides the memory necessary for signal processing
4,884,041 A 11/1989 Walker ......... ... 331/57  operations, such as the massively parallel processing, while
4,890,233 A 12/1989 Ando et al. ................. 701/224 conserving memory cost by re-using that same memory for
4,894,662 A 1/1990 Counselman .......... 342/357.15 other GPS and non-GPS applications. The shared memory
4,998,111 A 3/1991 Maetal. ............. oo 342/352 architecture for a GPS receiver provided in accordance with
278;‘6‘7(3)38 : % igg} ig‘énselmanﬂ I ... 3423/‘3%/733 the principles of this invention thereby significantly mini-
,036, 0 e . . . .
5043736 A 81991 Damell etal. ......... 342/357.1 thanigle ;;’:tﬂsyi gﬁrgsri’lisri‘:’gﬁrzrfn:néposﬁre&crii?rmed of
5108334 A 4/1992 FEschenbach et al. ........ 455/314 y & q :
5,172,076 A 12/1992 Brown .....c...ccceeeeeeennene 331/57
5,202,829 A 4/1993 Geler .coocceevveevueenennne 701/215 10 Claims, 8 Drawing Sheets
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64 74
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SHARED MEMORY ARCHITECTURE IN
GPS SIGNAL PROCESSING

FIELD OF INVENTION

This invention relates to the field of GPS receivers.

BACKGROUND OF INVENTION

FIG. 1 illustrates a typical GPS radio receiver 10, while
FIG. 2 provides a general flow chart illustrating the general
operations of GPS receiver 10 such as a satellite signal
acquisition, tracking, or re-acquisition, and navigational
processing. As illustrated in the simplified block diagram of
a typical GPS receiver 10 shown in FIG. 1, a signal
processing block 20 is provided to perform satellite signal
acquisition and processing on a digitized IF signal 19
received via receiver antenna 12. Signal processing block 20
typically performs a two-dimensional search for a satellite
signal, in time (code phase) and frequency. To decrease the
amount of time needed for GPS signal acquisition in time,
and frequency domains, a massively parallel architecture is
usually required for searching in parallel a large number of
code positions and frequency uncertainties. In the code
phase search, the required number of code positions is
directly related to initial time uncertainty. A large number of
corellators allows a quick, parallel search of many code
positions. In the frequency search, a large number of fre-
quency bins architecture speeds up searching multiple fre-
quency uncertainties in parallel, thereby reducing the total
time for search.

As illustrated in FIG. 1, signal processing 20 consists of
three functional stages: a first stage consists of channel
correlation signal processing 22 that compares (or
correlates) digitized signal 19 with a locally generated code
that attempts to replicate the P or C/A code generated by a
satellite. The replica code searches a “space” that consists of
the unique codes generated by the different satellites, the
temporal position of the code being sent at any given time,
and the Doppler frequency offset caused by the relative
motion of the satellite and user. Generally, correlator signal
processing unit 22 can perform parallel correlations with
multiple code/position/doppler combinations simulta-
neously in a multiple channel fashion, usually up to 12. The
next functional stage of signal processing 20 comprises
tracking processing unit 24, typically provided by a tracking
processing CPU. The tracking processing CPU uses corr-
elator information from correlator signal processing unit 22
to ascertain the probability of correctness of a code/position/
doppler combination and to “follow”, or track, that signal
once it is found. Tracking processing unit 24 includes having
the tracking CPU program the correlator signal processing
unit 22 where to search for a GPS satellite signal. Once a
signal is found and locked onto, the tracking CPU also
extracts the 50 Hz modulated data that contains navigation
information transmitted by the GPS satellite. Finally, a
navigation processing unit 26, comprising a navigation
processing CPU, uses data collected by the correlator signal
processing unit 22 and tracking processing unit 24 to per-
form the calculations to determine the user’s position,
velocity, and time.

In the typical GPS signal processing 20, an associated and
dedicated memory unit is coupled to each functional unit
stage. Thus, correlator signal processing unit 22 is typically
coupled to an associated dedicated correlation processing
memory unit 28 shown in FIG. 1. Coherent and non-
coherent I & Q samples are stored in correlation processing
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memory 28 received from correlator signal processing unit
22. Tracking processing unit 24 is coupled to a tracking unit
memory 30 to store the code, data, and parameters utilized
by the tracking processor CPU for acquisition and tracking
processing such as, for example, carrier loops, code loops,
code lock detect, costas lock detect, bit synchronization,
data demodulation. Navigation processing unit 26 is coupled
to a navigation processing memory 32 for storing the code
and data for the navigation processing CPU, such as calcu-
lation of position and time.

Thus, in operation, typical GPS receiver 10 requires
significant hardware and memory to search, utilizing a large
number of correlators and multiple frequency bins to imple-
ment. For example, an 8 frequency bin search should reduce
the search time by a factor of 8 but it will require 4 times the
memory to store the coherent integration samples and 8
times the memory to store the non-coherent integration
samples. In order to achieve low cost, commercial GPS
receiver architectures are deterred from using massively
parallel architectures to avoid the cost of massively parallel
implementation. There is therefore a need for a GPS signal
processing architecture that minimizes the costly memory
requirement and still achieves extremely fast signal acqui-
sition.

SUMMARY OF INVENTION

A shared memory architecture for a GPS receiver is
provided, wherein a processing memory is shared among the
different processing functions, such as the correlator signal
processing, tracking processing, and other applications pro-
cessing. The shared memory architecture within the GPS
receiver provides the memory necessary for signal process-
ing operations, such as the massively parallel processing,
while conserving memory cost by re-using that same
memory for other GPS and non-GPS applications. The
shared memory architecture for a GPS receiver provided in
accordance with the principles of this invention thereby
minimize the costly memory requirement often required of
extremely fast signal acquisition of a GPS receiver.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram describing a prior art GPS
receiver.

FIG. 2 is a flowchart describing the operation of a GPS
receiver.

FIG. 3 is a block diagram describing the shared memory
architecture of the invention.

FIG. 4 is a block diagram describing the channel correla-
tor signal processing.

FIGS. 5A and 5B are block diagrams describing IQRAM
and IQSQRAM arbitration in channel correlator signal pro-
cessing.

FIG. 6 is a block diagram describing a memory map for
IQRAM for the channel correlator signal processing.

FIG. 7 is a block diagram describing a memory map for
IQSQRAM in acquisition for the channel correlator signal
processing.

FIG. 8 is a block diagram describing a memory map for
IQSQRAM in tracking/reacquisition mode.

FIG. 9 is a block diagram describing an example of a two
way set associative cache memory map for both tracking and
navigation processing.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT(S)

FIG. 3 shows a shared memory architecture for a GPS
receiver 100, wherein a signal processing memory 144 is
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shared among different signal processing functional units,
such as a correlator signal processing unit 122, tracking
processing unit 124 and applications processing unit 126.
FIG. 4 shows a more detailed functional block diagram of
processing memory 144 comprising an IQRAM 53 and an
IQSQRAM 59. FIG. 4 further illustrates shared memory
architecture in operation, as an illustration, such as during
operations of channel correlator signal processing unit 122.

In operation, an IQ separator and down converter 46
samples a satellite IF signal 19 and separates signal 19 into
a pair of I and Q signals 47. I and Q signal pair 47 is down
converted to a baseband frequency before being provided to
a Doppler rotator 48, which provides Doppler rotation of I
and Q signal pair 47. Both carrier phase and carrier fre-
quency are programmed in the Doppler rotator 48 by a
tracking processing CPU of tracking processing unit 124 of
FIG. 3. As shown in FIG. 4, correlator 50 receives the
Doppler rotated I and Q signal pair 49 and correlates signal
pair 49 with a replica I and Q code produced by a code
generator 52. An IQ accumulator 54 receives both I and Q
samples 64 from correlator 50 and accumulates the samples
over a coherent integration period. The accumulated results
are stored separately in an IQRAM 53. The multiple fre-
quency bin correlator 56 then receives I and Q data provided
from IQ accumulator 54 and performs an accumulation at
1QSQ accumulator 58 on the results of the square root of the
sum of I-squared plus Q-squared for a period of time
specified as non-coherent integration. The accumulation
results are then stored in an IQSQRAM memory 59 of
processing memory 144.

FIGS. 5A and 5B further illustrate a more detailed block
diagram of an IQRAM arbitration (FIG. 5A) and an
IQSQRAM arbitration (FIG. 5B) provided to arbitrate use of
IQRAM 53 and IQSQRAM 59. FIGS. 5A-5B illustrate the
IQRAM and IQSQRAM arbitrator 60 and 62 that control
access to shared memory IQRAM 53 and IQSQRAM 39,
i.e., such as arbitrating memory use between channel corr-
elator signal processing unit 122 and the other functions
seeking access to memory 144. For the IQRAM arbitrator
60, the multiple memory access sources comprise the coher-
ent integration of I and Q data from the output of coherent
integration function 64 of correlator signal processing unit
122, the multipath/early—late processing 66 (i.e., for sam-
pling data used for multipath mitigation by the tracking
processor), the cache tag and data from the cache controller
68 (i.c., used to speed, up memory accesses for all the signal
processing, including tracking processing and navigation
processing), and any application processing 126. In this
example, during tracking, the IQRAM arbitrator 60 arbi-
trates the multiple sources seeking access to IQRAM 53.
The IQSQRAM arbitrator 62 shown in FIG. 5B includes
controlling access from the non-coherent integration of I and
Q signals 74, access to parameters stored for the tracking
loops 76, multiple frequency bin correlation 56 (FIG. 4), the
convolution decoder 80 (used for a special differential GPS
function), and any application processing functions 126. The
arbitrator, such as the IQSQRAM arbitrator 62, arbitrates the
multiple sources seeking access to the IQSQRAM 59.

FIG. 6 shows an example of the memory map 653 of the
IQRAM 53 during our tracking operation example. There
are three different address ranges for three types of memory
sources: the coherent integration of I and Q data from the
correlator outputs (multiple samples in acquisition mode,
single sample in track/re-acquisition mode), the multipath/
carly—late sample data, and the cache tag/data. For this
example, in satellite acquisition mode the whole address
space of 0x000 though Ox1f7 is used to store the multiple
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sample (in this case four) coherent integrations needed to
search multiple frequency bins simultaneously. In track, or
reacquisition modes, however, only a single sample needs to
be collected instead of four. Thus, in track/reacquisition
modes, the coherent integration I and Q data is stored only
in the address range from 0x000 to 0x077. This frees up the
remaining space to be used for other functions. The
multipath/early-late sampling data is stored in the address
rage from 0x080 to OxOff. The cache tag/data for tracking or
navigation processing is stored in the range from 0x100 to
0x1ff. FIG. 9 shows a structure for a 2 way set associative
cache implementation of processing memory 144. The cache
can be used as the instruction and data cache for the tracking
and navigation processing functions to speed them up. The
memory region used as cache can alternatively be used as
fast local RAM for data storage by the tracking processor or
applications processor. Thus, same areas of the address map
are shared by multiple functions, including other non-GPS
applications, such as navigation processing, GPS location
processing, wireless networking protocol processing, and
other application processing that would be desirable to
incorporate into GPS receiver 100.

FIG. 7 and FIG. 8 show the memory maps 759 and 859
for IQSQRAM 59 for other GPS functions, such as acqui-
sition (or re-acquisition). The memory requirements once
again are different for acquisition mode and track/
reacquisition modes. In acquisition mode, 1920 words in
address range of 0x000 to 0x77f are used to store nonco-
herent accumulations. In track/reacquisition modes, how-
ever only 240 words stored in address range 0x000 to 0xOef
are needed to store the noncoherent accumulations. This
frees up the remaining space for other functions. In this
example the other functions include convolutional decoder
parameters and data, and expanded tracking processor
parameters and data.

FIGS. 7-8 illustrate sample memory mapping for memory
IQSQRAM 59 during different modes. The memory map-
ping of IQRAM 53 and IQSQRAM 59 of processing
memory 144 as illustrated in FIGS. 6-8 is a sample imple-
mentation. It is understood that this shared memory mapping
in GPS receiver 100 can be extended to process other
applications performed by the GPS receiver, such as navi-
gation processing, GPS location processing, processing
wireless networking protocols, to just name a few. It should
be understood that the shared memory architecture, such as
illustrated with reference to FIGS. 3-9 can be applied to
other GPS receiver applications contemplated as being
within a GPS receiver. The shared memory architecture
within the GPS receiver provides the memory necessary for
signal processing operations, such as the massively parallel
processing, while conserving memory cost by re-using that
same memory for other GPS and non-GPS applications. The
shared memory architecture for a GPS receiver provided in
accordance with the principles of this invention thereby
minimize the costly memory requirement often required of
extremely fast signal acquisition of a GPS receiver.

Foregoing described embodiments of the invention are
provided as illustrations and descriptions. They are not
intended to limit the invention to precise form described. In
particular, Applicant(s) contemplate that functional imple-
mentation of invention described herein may be imple-
mented equivalently in hardware, software, firmware, and/or
other available functional components or building blocks.
Other variations and embodiments are possible in light of
above teachings, and it is thus intended that the scope of
invention not be limited by this Detailed Description, but
rather by Claims following.
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What is claimed is:

1. A shared memory architecture for a receiver system,
comprising a memory space shared commonly by two or
more receiver functions comprising correlator signal
processing, tracking processing and application processing
to minimize the memory space, wherein the commonly
shared memory space functions as a coherent and a nonco-
herent integration memory for the correlation processing
during signal correlation mode while the commonly shared
memory space is also used for one or more other receiver
processing functions during one or more other receiver
operation modes.

2. The shared memory architecture of claim 1, wherein the
commonly shared memory space comprises a first memory
section used as the system memory for a fast local memory
or system cache during tracking or application processing.

3. The shared memory architecture of claim 1, wherein the
application processing comprises navigation processing.

4. The shared memory architecture of claim 1, wherein the
application processing comprises GPS location processing.

5. The shared memory architecture of claim 1, wherein the
application processing comprises wireless networking pro-
tocol processing.

6. A shared memory architecture for a receiver system
comprising a memory space shared commonly by two or
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more receiver functions comprising correlator signal
processing, tracking processing and application processing
to minimize the memory space, wherein the commonly
shared memory space comprises a first memory section and
a second memory section, wherein the first memory section
functions as a coherent and the second memory section as a
noncoherent integration memory for a correlation process-
ing during signal correlation mode while the shared memory
space is also used for one or more other receiver processing
functions during one or more other receiver operation
modes.

7. The shared memory architecture of claim 6, wherein the
commonly shared memory space comprises a first memory
section used as the system memory for a fast local memory
or system cache during tracking or application processing.

8. The shared memory architecture of claim 6, wherein the
application processing comprises navigation processing.

9. The shared memory architecture of claim 6, wherein the
application processing comprises GPS location processing.

10. The shared memory architecture of claim 6, wherein
the application processing comprises wireless networking
protocol processing.
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ASSIST DATA NARROWS

UNCERTAINTY T A MUCH
SV1 UNCERTAINTY REGION
SWALLER REGION o1 (NGTH (IN HALF-CHIPS)

o ) )
sil| 1 DOPPLER_BIN(4)=
DOPPLER™+4 DELTADOP
DOPPLER_BIN(3)=
DOPPLER™+3 DELTADOP

DOPPLER_BIN(2)=
DOPPLER™+2 DELTADOP
DOPPLER_BIN(1)=
DOPPLER + DELTADOP

DOPPLER_BIN(0)=
v DOPPLER

[ —>| |V\ /I

+4200 Hz
"

TOTAL DOPPLER
& CODE SPACE
(PER SATELLITE)

NUM_BINS

DOPPLER SPACE

-4200 ...

e

CODE PHASE SPACE

0..2045 HALF CHIPS o7 CoDE PHASE BIN LAST CODE PHASE BIN

CP=CP_OFFSET ~ CP=CP_OFFSET+BIN_LNGTH

MODE NUMBER OF NUMBER OF CODE PHASE SEARCH

SATELLITES SEARCHED DOPPLER BINS SPACE PER DOPPLER BIN

1 |2 1 2046

2 {1 2 2046

5 12 4 1l

4 |2 8 253

3 |1 32 121

6 |16 1 235
1 SATELLITE 9 DOPPLER BINS 13 HALF-CHIPS

X |3 SATELLITES 5 DOPPLER BINS 143 HALF-CHIPS
7 SATELLITES 4 DOPPLER BINS 87 HALF-CHIPS

FIG.3
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