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I INTRODUCTION

Intellectual Ventures II LLC (“IV”) asserts twelve patents against Defendant Tesla, Inc.
(“Tesla”), six of which include terms that require construction at this stage: U.S. Patent Nos.
6,894,639 (“the ’639 patent”); 7,181,743 (“the ’743 patent”); 7,336,805 (“the ’805 patent”);
8,898,395 (“the *395 patent™); 9,232,158 (“the *158 patent”); and 10,136,416 (“the 416 patent™)
(collectively, the “Asserted Patents™). Tesla proposes constructions that remain faithful to the
proper scope of the Asserted Patents’ claims. For example, Tesla’s construction of “broadcast
information” from claim 1 of the 416 patent simply applies the plain meaning of the term, which
is “information that is received via a broadcast transmission to all UEs within a base station’s
coverage area.” That plain meaning is also consistent with the intrinsic record and how relevant
extrinsic evidence defines the term.

Where claim language is objectively uncertain, Tesla argues indefiniteness. First, claim 1
of the ’639 patent recites “said target feature information,” but there is no other “target feature
information” in the claim. Moreover, this limitation could reasonably be interpreted as either “a
target feature information” or as “said target specific feature information,” but the intrinsic record
does not specify which one (if either) is correct. Because there are multiple potential
interpretations, the term lacks objective certainty and is indefinite.

Second, the “said processing” limitation in claim 1 of the *395 patent also lacks antecedent
basis and fails to inform a person of ordinary skill in the art (“POSITA”) with reasonable certainty
about the claim scope. Claim 1 recites multiple structures which could perhaps perform “said
processing” and it also recites multiple groups of instructions which could perhaps be the subject
of “said processing.” Moreover, the timing of “said processing” is objectively uncertain. Because
the intrinsic record does not inform a POSITA of which of multiple potential interpretations of

“said processing” (if any) is claimed, claim 1 lacks objective certainty and is indefinite.
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Third, claim 1 of the *805 patent recites terms of degree whose scope is objectively
uncertain in light of the intrinsic evidence—i.e., “may at least partially describe a potential
destination” and “potential geometric objects for plausibility using a matching algorithm so as to
identify one or more plausible objects.”” While terms of degree are not per se indefinite, here, the
claimed terms lack any objective certainty and both are therefore indefinite.

Thus, Tesla respectfully requests the Court adopt its proposed constructions.

11. OVERVIEW OF ASSERTED PATENTS!
A. The *639 Patent

The *639 patent, titled “Generalized Hebbian Learning for Principal Component Analysis
and Automatic Target Recognition, Systems and Method,” was filed in December 1991 and issued
on May 17,2005. See Ex. 1 (639 patent). The 639 patent is directed to a method of distinguishing
targets from background clutter. Id. at Abstract. More specifically, the 639 patent describes
calculation of data statistics from input data provided by sensors and uses the data statistics to
identify and select “feature information” that is used to distinguish targets from background clutter.
1d.

B. The 805 Patent

The 805 patent, titled “Docking Assistant,” issued on February 26, 2008. See Ex. 2 (805
patent). The *805 patent purports to describe a method for assisting a driver docking a truck (e.g.,
in a parking bay or loading platform) using image analysis. /d. at Abstract. The vehicle uses a

camera (e.g., image sensor 22 on vehicle 20 in Figure 2) to obtain image data. Id. at 2:56-57.

! Tesla provides an overview for only those patents with disputed claim terms (the 639, *805,
’395, and ’416 patents), but not patents with agreed constructions (the *743 and ’158 patents).

IPR2025-00218 Exhib% 2003 Page 6 of 257
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’805 patent at Fig. 2.

The obtained images are analyzed to locate objects, such as a cargo door 26 in Figure 2.
Id. at 7:13-29. The patented system purports to accomplish this by breaking down the image data
into “edge segments” and storing relationships between the edge segments in a “mathematical tree
structure.” Id. at 3:37-39; 4:43-45. The edge segments “are then analyzed to check for the
presence of a geometric object that is similar to a geometric form which, typically, at least partially
describes a potential destination.” Id. at 3:40-43. The detected geometric objects are then
“analyzed for plausibility using a matching algorithm.” Id. at 2:41-43, 3:3-8, 3:47-50. Plausible
objects undergo additional “acceptance analysis.” Id. at 3:41-54. Accepted objects are then used
to compute an “optimized travel path” to assist in vehicle guidance. Id. at 3:58—64.

C. The ’395 Patent

b

The ’395 patent, titled “Memory Management for Cache Consistency,” issued on
November 25, 2014. See Ex. 3 (’395 patent). It is a continuation of an application originally filed
on April 7, 2005 (now U.S. Patent No. 7,376,798).

The ’395 patent purports to describe management of cache memory in a multiprocessor

architecture in which groups of instructions are executed atomically by a processor. /d. at Abstract;
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id. at 2:8-9 (Summary of the Invention); see also id. at 2:1-7 (alleging prior attempts “are limited
to a single memory operation per instruction group” and purporting to give a solution to “overcome
this disadvantage”); id. at 4:11-12. Each group can include instructions that, when executed by
the processor, cause a cache line associated with that processor to be accessed, which in turn causes
an indicator associated with that group of instructions in the cache line to be updated to reflect that
access. Id. at 2:9-15. “The cache line is indicated as having been accessed until execution of the
group of instructions is ended.” Id. at 2:15-16.

With reference to Figures 1 and 2, processor 10 and external agents 11-13 may each be
executing a group of instructions. /d. at 4:3—5. An instruction group is handled atomically (e.g.,
it is treated as a unit) and it may seek access to the cache associated with the processor executing

that instruction or to the cache of an external agent. /d. at 4:11-15.

5 OBSERVED BIT 24
(FOR INSTRUCTION OBSERVED BIT 25
GROUP A) {FOR INSTRUCTION
GROUP B)
10 1 12 CACHE 1¢ CACHE COHERENGCY
18t 2nd OTHER 1 PROTOCOL BITS 23 OBSERVED BIT N1
PROCESSOR PROCESSOR OPTIONAL (EOR INSTRUCTION
(OPTIONAL) PROCESSORS GROUP Ny
13
[ | PERIPHERAL
DEVICE
14 15 16 CACHE LINE 21 P
iat 2nd OTHER
CACHE GAGHE CACHES
(OPTIONAL) (OPTIONAL)
CACHE LINE 22 = a = ?
- .
- L
OBSERVED BIT Nz
CACHE COHERENCY {FOR INSTRUCTION
PROTOCOL BITS 26 GROUF N)
18 BUS 13
MAIN MEMORY OBSERVED BIT 27 OBSERVED BIT 28
(FOR INSTRUCTION (FOR INSTRUGTION
GROUP 4) GROUPE)

’395 patent at Fig. 1 (left), Fig. 2 (right).

When a given processor, e.g., processor 10, begins to execute a group of instructions, it
allocates an observed bit for that group of instructions to each cache line in cache 14. Id. at 5:28—
32. If cache line 21 is accessed because of an instruction in instruction group A being executed

by processor 10, then observed bit 24 is set. Id. at 5:32-37. Similarly, if cache line 21 is also
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accessed because of an instruction in instruction group B being executed by processor 10, then
observed bit 25 is also set.

When execution of an instruction group by a processor, e.g., processor 10, is ended, then
the observed bits associated with that instruction group are cleared. For example, when instruction
group A “is committed, rolled back, or aborted,” then the observed bit 24 associated with
instruction group A in cache line 21 is cleared. /Id. at 5:41-47. Additionally, if an external
agent 11-13 snoops cache line 21 while observed bits 24 and 25 remain set, then instruction group
A (corresponding to observed bit 24) and instruction group B (corresponding to observed bit 25)
are rolled back, and the observed bits 24 and 25 are cleared. Id. at 5:49-61.

D. The 416 Patent

The ’416 patent is titled “Communicating on a Shared Channel in a Wireless Network™
and issued on November 20, 2018. See Ex. 4 (’416 patent). It relates to cellular communications.
Id. at 1:15-21. Specifically, the 416 patent purports to reduce wasting cellular resources on
unused signaling channels. /Id. at 3:58-61. It does so by using bits in the Broadcast Channel
(“BCH”) to indicate whether a particular timeslot within a frame is needed for signaling, and if
not, providing an indication that the channel can be used as a shared channel. /d. at 9:38-58.

111. LEGAL STANDARDS
A. Claim Construction

In view of the Court’s familiarity with claim construction, Tesla will forgo a lengthy
recitation of law.? Tesla cites particularly relevant authority inline within specific arguments, and

otherwise reserves the right to respond to any authority cited in IV’s responsive brief.

2 See Judge Albright’s “Standing Order Governing Proceedings (OGP) 4.1-Patent Cases” (Apr.
14, 2022) at Section IX (“The Court has familiarity with the law of claim construction and

IPR2025-00218 Exhib§ 2003 Page 9 of 257
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B. Indefiniteness

“A patent is invalid for indefiniteness if its claims, read in light of the patent’s specification
and prosecution history, fail to inform, with reasonable certainty, those skilled in the art about the
scope of the invention.” Nautilus, Inc. v. Biosig Instruments, Inc., 572 U.S. 898, 898-99 (2014).
Claims are indefinite when, for example, “the claim language ‘might mean several different things
and no informed and confident choice is available among the contending definitions.’” Interval
Licensing LLC v. AOL, Inc., 766 F.3d 1364, 1371 (Fed. Cir. 2014) (quoting Nautilus, 572 U.S. at
911 n.8). Seemingly clear terms also may be indefinite based on inconsistent or confusing usage.
See Infinity Computer Prods., Inc. v. Oki Data Americas, Inc., 987 F.3d 1053, 1062 (Fed. Cir.
2021) (“We recognize that, in a vacuum, it might seem odd to hold ‘computer’ indefinite. ... Yet
the indefiniteness here does not reside in the term “passive link’ or ‘computer’ on its own but rather
in the relationship between the two in the context of these claims.”). Further, a claim could be
indefinite if a term does not have proper antecedent basis when a POSITA, “faced with the claims
and the specification, could not, with reasonable certainty, discern the meaning of the claim term.”
Bushnell Hawthorne, LLC v. Cisco Sys., Inc., 813 F. App’x 522, 526-27 (Fed. Cir. 2020).
IV. LEVEL OF ORDINARY SKILL IN THE ART

Tesla identifies the level of a POSITA for each patent with a disputed claim term:

o ’639 Patent: A POSITA in December 1991 would have been someone
knowledgeable and familiar with the image processing systems pertinent to the 639
patent. That person would have a bachelor’s degree in computer science, computer
engineering, electrical engineering, or equivalent training, and approximately four

years of experience working in the field of image processing. Lack of work
experience can be remedied by additional education, and vice versa.

o ’805 Patent: A POSITA in June 2004 would have had a bachelor’s degree in
electrical engineering, computer engineering, computer science, or a related

encourages the parties to forego lengthy recitations of legal authorities and to instead focus on the
substantive issues unique to each case.”).
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subject, and four years of work experience in image processing, automated vehicle
control/navigation, or a related field. Less experience may be necessary with
additional education (e.g., a master’s degree), and likewise, less education may be
necessary with additional work experience (e.g., 5—7 years).

’395 Patent: A POSITA in April 2005 would have had a bachelor’s degree in
electrical or computer engineering, computer science, or a related subject, and two
years of professional experience “in the data processing arts” (Ex. 3 (395 patent)
at 3:4-7) and multiprocessor speculative execution or a related field. Less
experience may be necessary with additional education, and likewise, less
education may be necessary with additional work experience.

’416 Patent: A POSITA in September 2007 would have had a bachelor’s degree in
electrical engineering, computer engineering, or an equivalent, and approximately
two years of professional experience relating to wireless communication
technology. Lack of professional experience can be remedied by additional
education, and vice versa.

V. AGREED CONSTRUCTIONS

The parties agreed to the following constructions and request the Court adopt these

constructions:
A. >743 Patent
Term Agreed Construction
Preamble (claim 10) Limiting
B. ’158 Patent
Term Agreed Construction®

“integration time” (claims 1, 8)

“the time the image sensor collects and integrates
signal from the scene”

“an image capture device” (claim 1) | more of the plurality of sensors each capture an

“a device including a plurality of sensors, where two or

overlapping portion of the same scene”

3 This Court previously construed these two terms from the *158 Patent. See Intellectual Ventures
I LLC v. General Motors Co., No. 6:21-cv-1088-ADA, Dkt. 83 at 2, Dkt. 84 at 4652 (W.D. Tex.
Dec. 1, 2022). The parties agree the Court should adopt its prior constructions.

IPR2025-00218
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VI. DISPUTED TERMS*

A. “said target feature information” (’639 patent, claim 1) / “said feature
information” (’639 patent, claim 7)

Tesla’s Proposed Construction IV’s Proposed Construction

Indefinite Plain and ordinary meaning. Not indefinite.

The term “said target feature information” is indefinite because it lacks antecedent basis
and can potentially be interpreted in multiple ways. The claim language and specification provide
multiple, equally plausible, ways to address the lack of antecedent basis, and the prosecution
history only adds confusion. When Tesla asked I'V to identify the antecedent basis, IV refused and
instead doubled down on its “plain and ordinary” construction. Ex. 5 (12-18-2024 Email fr.
Downing to Ellis re: claim construction).

There can be no dispute the term “said target feature information” lacks antecedent basis.
The term refers to “said target feature information” even though the claims do not previously
introduce “target feature information.” See Ex. 1 (’639 patent) at claim 1. Thus, the term must be
construed to correct the absence of an antecedent basis.

But it is unclear how that can be accomplished because there are at least two ways to
remedy the absence of antecedent basis and neither is more likely correct than the other. First,
“said target feature information” could refer to “a target feature information,” which means the
word “said” was drafted erroneously. This rewrite would introduce a concept (“target feature
information”) to the claim that is not found in any of the other limitations. Second, “said target
feature information” could refer to “said target specific feature information,” which would mean

“specific” was omitted erroneously. This second rewrite would make all the “feature information”

4 The disputed terms are addressed in the order specified in Section IX of the Court’s OGP.

IPR2025-00218 Exhib§ 2003 Page 12 of 257
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the same throughout the claim, but it would change the meaning of the term entirely. Neither
option is more likely correct than the other in view of the intrinsic record and, thus, neither is
appropriate. See Novo Indus., L.P.v. Micro Molds Corp., 350 F.3d 1348, 1354-58 (Fed. Cir. 2003)
(finding claim indefinite and reversing district court’s attempt to correct error in claim because
“district court can correct a patent only if (1) the correction is not subject to reasonable debate
based on consideration of the claim language and the specification and (2) the prosecution history
does not suggest a different interpretation of the claims”); see also Synchronoss Techs., Inc. v.
Dropbox, Inc., 987 F.3d 1358, 136667 (Fed. Cir. 2021) (affirming indefiniteness finding because
patentee’s “proposal would require rewriting the claims, but it is not our function to rewrite claims
to preserve their validity” (internal quotations and citations omitted)); see also Chef Am., Inc. v.
Lamb-Weston, Inc., 358 F.3d 1371, 1374 (Fed. Cir. 2004) (“Thus, in accord with our settled
practice we construe the claim as written, not as the patentees wish they had written it.”).

As to the first option, the claim language and specification support replacing “said target
feature information” with “a target feature information.” This edit would introduce the concept of
“target feature information” (whereas the claim previously referred only to “target specific feature
information”). This edit is consistent with the specification which teaches target “feature
information” that may not be target specific. When discussing the background of the invention,
the specification discusses “feature information” that varies from target to target (i.e., “target
specific feature information”) and feature information that may not vary target to target (i.e.,
“target feature information”):

With respect to the complexity of pattern recognition and pattern classification

techniques, many of these techniques rely on feature information to differentiate

preferred targets from background clutter. Coordination and selection of this
feature information is an ongoing problem, as the desired feature information itself

(e.g., contrast-based and texture-based) often varies from target to target (e.g.,
size, stationary, make-up, composition, orientation), target to background (e.g.,

IPR2025-00218 Exhib% 2003 Page 13 of 257
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location of target), data set to data set (e.g., lighting, time-of-day, ambient
temperature, and context of scene, sensor characteristics), and data source to data
source (e.g., one-dimensional or multi-dimensional data, such as digitized infrared
imagery, digitized TV imagery, digitized Infra-red imagery, speech samples, or
radar samples).

Ex. 1 (639 patent) at 1:29-43 (emphasis added). Similarly, the specification elsewhere refers to
both “target specific feature information” and more general “feature information” that may not be
target specific. Compare Ex. 1 (’639 patent) at 5:50-55 (“The advantages of this method and
system and the corresponding hardware and software embodiments are that they generate and
select the target specific feature information for the classification of preferred targets in the
context of particular backgrounds.”), with id. at 7:15-20 (““As shown in FIG. 10, the classification
system inputs the data in module 2, extracts feature information from the inputted data in module
4 and inputs the feature information into the classification module 6 . . . .”). Accordingly, the
specification distinguishes between “target feature information” and “target specific feature
information,” and the two are not interchangeable.

But that is not the end of the analysis. Other claim language suggests the second option:
that “said target feature information” should be edited as ““said target specific feature information.”
Claim 9 recites a similar scope to claim 1, except that claim 9 is an apparatus claim. Indeed,
claim 9 includes a set of apparatus that perform functions similar to those in claim 1. Among
those, claim 9 includes a generator limitation that performs the same “generating” function as in
limitation 1(c), except the generator limitation in claim 9 refers to “said target specific feature
information” instead of “said target feature information” as in claim 1. See Ex. 1 (639 patent) at
cl. 9 (“(c) a generator to generate said target specific feature information from said data statistics
outputed from said calculator”). This suggests that, like claim 9, claim 1 may have been intended

to refer to “target specific feature information,” but does not.
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The prosecution history adds to the confusion. When the application was filed, the
“generating” limitation recited “said target specific feature information,” but later in prosecution
the word “specific” was omitted. Compare Ex. 6 (639 patent Prosecution History, Dec. 18, 1991
claim submission) at 3, with id. (639 patent Prosecution History, May 28, 2004 claim
amendments) at 8. And to the extent IV argues “specific” was inadvertently omitted, the same
change was made in claim 18 (unasserted), but not in other claims (e.g., claim 16), so the omission
of “specific” across different claims undermines any argument the change was inadvertent. /d. at
6, 10.

Therefore, a POSITA would not know if “said target feature information” is intended to
(1) introduce “target feature information” (another type of information distinct from and broader
than the previously introduced “target specific feature information”), or (ii) refer back to the
previously introduced “target specific feature information.” FE.g., 24/7 Customer, Inc. v.
LivePerson, Inc., 235 F. Supp. 3d 1102, 1108 (N.D. Cal. 2016) (finding claim indefinite because
“claim 1 recites elements containing different variations of the term ‘data’” so the “Court agrees
with LivePerson that it is ambiguous whether these variations of ‘data’ are ‘equivalents, data

299

subsets of each other, or completely different sets of data’”). Even if the inclusion of “said” (or
removal of “specific”’) was done in error, the Court cannot rewrite the claim because there are now
multiple ways to interpret “said target feature information.” See Novo, 350 F.3d at 1354-58;
Cellular Commc’ns Equip. LLC v. AT&T, Inc., No. 2:15-cv-576, 2016 WL 7364266, at *10—*11

(E.D. Tex. Dec. 19, 2016) (finding claim indefinite and refusing to correct antecedent basis issue

because correction open to reasonable debate). Thus, these claim terms are indefinite.
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B. “may at least partially describe a potential destination” (805 patent, claim 1)
Tesla’s Proposed Construction IV’s Proposed Construction
Indefinite Plain and ordinary meaning.

The dispute here turns on whether the specification provides enough clarity to interpret the
term of degree: “may at least partially describe a potential destination.” It does not. The
specification is silent on how to measure or determine when a potential destination is “at least
partially describe[d]” by a geometric object. The specification’s examples either add more
subjectivity or ignore the standard altogether.

The term is found in the “analyzing” limitation of claim 1, which requires analyzing the
“edge segments” in image data to identify a “geometrical form that may at least partially describe
a potential destination”:

[A]nalyzing the plurality of edge segments for the presence of a geometric object

associated with a geometrical form that may at least partially describe a potential
destination so as to identify one or more potential geometric objects; . . . .

2 < 2

The limitation includes several relative terms (“at least,” “partially,” and “potential”), which
individually or combined together result in what is indisputably a term of degree.

Although a term of degree is not necessarily indefinite, courts routinely find them indefinite
when the specification provides no objective guidance for measuring or otherwise determining the
term of degree. “Although absolute or mathematical precision is not required, it is not enough, as
some of the language in our prior cases may have suggested, to identify some standard for
measuring the scope of the phrase.” Interval Licensing LLC v. AOL, Inc., 766 F.3d 1364, 1370—
71 (Fed. Cir. 2014) (internal quotations and citations omitted) (emphasis in original). Instead,

“[t]he claims, when read in light of the specification and the prosecution history, must provide

objective boundaries for those of skill in the art.” Id. at 1371; see also Berkheimer v. HP Inc., 881
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F.3d 1360, 1364 (Fed. Cir. 2018) (“Our case law is clear that the objective boundaries requirement
applies to terms of degree.”). In fact, courts have found “at least partially” to be indefinite when
there is no clear objective standard disclosed in the specification. In Standard Oil, the Federal
Circuit upheld the district court’s ruling that the phrase “at least partially soluble” was indefinite.
Standard Oil Co. v. Am. Cyanamid Co., 774 F.2d 448, 451-53 (Fed. Cir. 1985). This Court
similarly found “configured to at least partially link two or more interfaces” was indefinite in
Mirror Imaging LLC v. Wells Fargo Bank, N.A. See Ex. 7 (No. 6:21-cv-0465-ADA, Dkt. 28 at 4
(W.D. Tex. Feb. 22, 2022)).

Indeed, the District of Delaware took issue with “at least in part” for precisely the reasons
“at least partially” is indefinite here: because the specification provides no guidance to define the
term. In Zadro Prods., Inc. v. SDI Techs., Inc., the court ruled “at least in part generally
concentrically aligned” was indefinite because the specification “provides no guidance as to what
amount of generally concentric alignment would satisfy the requirement that at least part of the
light emitting regions or diodes be generally concentrically aligned with the first reflective mirror
plate.” No. 17-cv-1406, 2019 WL 10252726, at *1-*3 (D. Del. June 19, 2019). The court noted
“the addition of the phrase ‘at least in part’” must be interpreted as intended to broaden the reach
the claim language beyond what it would have been had only the phrase ‘generally concentrically
aligned’ been used.” Id. at *3. But the claim was indefinite because “there is no guidance in the
claim language or the specification as to the limits on how broadly that language in the claims
should be read.” /d.

So too here. The specification provides no objective, reasonably certain way to measure

99 ¢¢

when a “geometric object” “may at least partially describe a potential destination.” This phrase is

never described with any detail or used in a relevant example. The specification discusses the
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“analyzing” limitation, but that discussion does not provide an objective standard for determining

whether something “at least partially describe[s] a potential destination.” Rather, the discussion

99 ¢¢

uses other terms of degree, such as “substantially,” “roughly,” and “approximately,” to describe

the claimed “analy[sis]” (in this example, analyzing whether a docking station ‘“‘substantially
corresponds” to a rectangle):

In a subsequent step, these edge segments are then analyzed to check for the
presence of a geometric object that is similar to a geometric form which, typically,
at least partially describes a potential destination. If the typical destination is a
docking station for trucks at a warehouse, for example, then the typical geometric
form substantially corresponds to a rectangle having roughly identical side
lengths of approximately 2.5 m. Within the framework of the inventive method,
the detected geometric objects that correspond to the typical geometric form are
then analyzed for plausibility using a matching algorithm, these objects, which are
classified as plausible, undergoing an additional acceptance analysis . . . .

Ex. 2 (’805 patent) at 3:39-52 (emphasis added). Simply substituting different relative words

99 ¢¢

(“similar to,” “substantially,” or “roughly”) for the claimed term of degree (“at least partially”) is
not sufficient. See, e.g., Fairfield Indus., Inc. v. Wireless Seismic, Inc., No. 4:14-cv-2972, 2015
WL 1034275, at *14—*16 (S.D. Tex. Mar. 10, 2015) (finding indefiniteness and noting patentee’s
original proposed construction “merely substituted one ambiguous term, ‘to the extent reasonably
practical,” for another ‘substantially prevent’”).

The specification provides an example of a determination of a potential destination, but the

example further confuses the issue. Figure 3 illustrates a loading platform 35 for a truck docking

at a cargo door 32 of a warehouse:
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The specification glosses over the technique for determining that geometric objects in this image
“may at least partially describe[s] a potential destination,” instead saying this step is “assumed”:
Due to the elevated position of image sensor (22), a cargo door (26, 32) having a
rectangular geometry is produced as a trapezoidal image in the image data. It is
assumed exemplarily that, after processing of the image data in image-processing
unit (11) and of the tree traversal algorithm in unit (12), objects 32, 33, 34 a and
34 b are identified as geometric objects typically corresponding to a potential

destination. 1t is assumed that object 32 corresponds to the image of cargo door
(26) sought as a destination.

Ex. 2 (’805 patent) at 7:22—-31 (emphasis added). It cannot simply be the case that the image is
analyzed for real objects, because at least items 34a and 34b (which the specification says is
assumed to “at least partially describe a potential destination) are not images of real objects. Id.
at 7:33-37. There is no explanation as to what criteria the specification uses to make its
assumptions. Thus, the specification falls short of providing an objective standard for measuring
when a geometric object “at least partially describe[s] a potential destination.”

Because the specification does not provide an objective basis for a POSITA to determine
what degree of “describing” would satisfy the requirement of “at least partially describ[ing] a

potential destination,” claim 1 is indefinite. See, e.g., Rillito River LLC v. Bamboo Indus. LLC,
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No. 2:17-cv-00181, 2018 WL 4350095, at *9—*11 (E.D. Cal. Sept. 11, 2018) (ruling “partially
surround” was indefinite because “patent offers no details as to the degree of ‘partially surround’”
and “claim term is insufficiently defined to offer one ordinarily skilled in the art a means by which
to calculate ‘partially surround’”).

C. “potential geometric objects for plausibility using a matching algorithm so as
to identify one or more plausible objects” (805 patent, claim 1)

Tesla’s Proposed Construction IV’s Proposed Construction

Indefinite Plain and ordinary meaning.

Like the other term from the *805 patent, the dispute here turns on whether the specification
provides enough clarity to determine or measure the term of degree: “plausibility” and “plausible
objects.” Again, it does not. The relevant language requires “plausibility using a matching
algorithm . . . to identify one or more plausible objects.” The specification discusses “matching
algorithms” but fails to explain when the outcome of the matching algorithm is “plausible.” Thus,
claim 1 is indefinite.

The relevant limitation from claim 1 requires “analyzing the one or more potential
geometric objects for plausibility using a matching algorithm so as to identify one or more
plausible objects,” thereby including terms of degree (“plausibility” and “plausible”). As
explained above, the law requires the specification to provide a standard for measuring terms of
degree. See Interval Licensing, 766 F.3d at 1370-71. Here, though, the specification is silent
about the basis to determine when a “potential geometric object” is “plausible.” For example, the
specification is unclear about what constitutes a sufficient match from the “matching algorithm”
for the “potential geometric objects” to be “plausible.”

The matching algorithm referenced in the specification is silent on when such matching

algorithm produces a “plausible object.” The specification explains the “IPC algorithm” described
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in a paper by Paul Besl is “particularly advantageously suited” for the claimed “matching
algorithm.” Ex. 2 (’805 patent) at 5:25-29. But the Besl paper discusses how to process collected

data so the data can be analyzed for a match—it never explains when the outcome of the matching

2

algorithm is “plausible” or how to determine “plausibility.” See generally Ex. 8 (Besl Paper,

TESLAIV000023924). Beside the IPC algorithm, the specification only mentions “matching
algorithm” at a high level without ever providing details for when it produces “plausible objects.”
See, e.g., Ex. 2 (’805 patent) at 3:3—8 (“In addition, the image-processing unit includes a
comparator unit (13) for analyzing the detected geometric objects which correspond to the typical
geometric form, to check for plausibility using a matching algorithm for making a comparison
with object patterns stored in a memory unit (17).” (emphasis added)).

The specification also refers to an “acceptance analysis,” but that discussion similarly fails
to provide objective criteria for determining what is “plausible.” For example, the specification
discusses rejecting potential destinations based on either shape or position but does not explain
how to determine whether a particular shape or position should result in rejecting a potential
destination:

In one especially advantageous type of acceptance analysis, in those cases in which
the surrounding field is recorded by the sensor from an elevated position, those
objects which do not exhibit any distorted images, as compared to their usual
geometric shapes, are rejected as potential destinations. For example, the distortion
of rectangular or square geometric shapes of potential destinations is manifested as
a trapezoid in an image formation. In another effective type of acceptance analysis,
based on knowledge of the customary position of destinations, objects not
corresponding to these specifications in the image data are rejected. For example,
if an object is included in the image data whose position relative to the imaging
sensor is known, then, on the basis of its image formation in the image data, an
artificial horizon may be generated, on whose basis the relative position of the
recognized objects is ascertained. In this manner, objects, whose position deviates
from the usual position of the destination, are excluded from the further
processing.
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Ex. 2 (’805 patent) at 5:64-6:15 (emphasis added). The disclosure of rejecting a destination
because the objects “do not exhibit any distorted images,” the objects do “not correspond[] to the
specification,” or the position “deviates” from the usual position does not (a) provide a standard
to determine distortion, correspondence, or deviation; or (b) any guidance on how much distortion,
correspondence, or deviation is required to reject a destination such that the object is not
“plausible.” This example does not add clarity to the term at issue.

The specification mentions “plausible objects” only twice but neither passage helps. The
first instance parrots the claim language. Ex. 2 (’805 patent) at 2:43—47. The second instance
fares no better: “By already observing such elementary rules when processing the hierarchical tree
structure, the subsequent outlay for processing may be limited already at this stage of the inventive
method to relatively few plausible objects which are actually similar to a potential destination.”
Ex. 2 (’805 patent) at 5:8-13. Adding terms of degree, like “actually similar,” falls short of
providing an objective standard for identifying “plausible objects.”

Because the specification fails to provide an objective standard to determine when the
matching algorithm produces “plausible objects,” claim 1 of the 805 patent is indefinite.

D. “said processing” (’395 patent, claim 1)

Tesla’s Proposed Construction IV’s Proposed Construction

Indefinite Plain and ordinary meaning. Not indefinite.

The limitation “said processing” lacks antecedent basis and thus requires modification, but
there is no clear correction for that lack of antecedent basis. Thus, the term is indefinite. See
Halliburton Energy Servs., Inc. v. M-I LLC, 514 F.3d 1244, 1249 (Fed. Cir. 2008) (claim is
“indefinite if a term does not have proper antecedent basis where such basis is not otherwise

present by implication or the meaning is not reasonably ascertainable”); Bushnell Hawthorne, 813
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F. App’x at 526-27 (claim is indefinite when scope could not be reasonably ascertained given lack
of antecedent basis); In re Downing, 745 F. App’x 988, 996 (Fed. Cir. 2018) (holding “the lack of
an antecedent basis does not render a claim indefinite” only “as long as the claim apprises [a
POSITA] of its scope, and therefore, serves the notice function required by § 112 § 2”); eCardless
Bancorp, Ltd. v. PayPal Inc., No. 24-cv-01054, 2024 WL 4804975, at *12 (N.D. Cal. Nov. 14,
2024) (““‘Antecedent basis is necessary so [POSITA] can ascertain the scope of a patent and its
claimed inventions with ‘reasonable certainty.’” (citing Nautilus, 572 U.S. at 909)).

The claim language causes further confusion as it introduces: (1) different groups of
instructions that could perhaps be the subject of “said processing”; (2) multiple structures that
could perhaps perform “said processing”; and (3) different times at which “said processing” could
occur. Specifically, “said processing” might refer to an action on “an instruction in a first group

29 ¢

of instructions,” “an instruction in a second group of instructions,” or an instruction in “a third
group of instructions.” See Ex. 9 (Herlihy Decl.) § 43. Further, “said processing” might refer to
an action taken by the claimed “processor” or by the claimed “agent other than said processor.”
See Ex. 9 (Herlihy Decl.) §43. Finally, there is added objective uncertainty as to the timing of
“said processing,” which a POSITA would recognize might be performed immediately or,
alternatively, the cache line might be marked for a later rollback. Compare Ex. 3 (395 patent) at
5:49-56 (describing “one embodiment” in which “the instruction groups associated with the
observed bits that are set are forced to roll back and then reissue™), with id. at 8:54—62 (describing
other “embodiments in accordance with the present invention” where “a protocol . . . causes all
active instruction groups to roll back and reissue after the cache line state transition” (emphasis

added)); see also Ex. 9 (Herlihy Decl.) 4 47 (explaining a POSITA would understand, e.g., that the

rollback might suspended for a brief duration to give a conflicting instruction group a chance to
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complete). Indeed, the timing uncertainty further compounds the uncertainty over which structure
performs “said processing.” Ex. 9 (Herlihy Decl.) § 47.

As seen in claim 1 (below), the word “processing” appears twice. The first instance recites
“said processing” as part of a wherein clause (limitation 1[c][2]) following the “executing a third
group of instructions” step (shown in ),> and the second instance is in a “processing” method
step (limitation 1[d]) for “said first group and said second group of instructions” (shown in blue):

I[pre] A method of managing memory in a computer system, said method
comprising:

1[a] setting a first bit of an indicator associated with a cache line in a cache memory
if said cache line has been accessed in response to a processor executing an
instruction in a first group of instructions;

1[b] setting a second bit of said indicator while said first bit remains set if said
cache line has also been accessed in response to said processor executing an
instruction in a second group of instructions;

I[c][1] executing a third group of instructions that causes said cache line to be
accessed, wherein said third group of instructions is executed by an agent other than
said processor,

1[c][2] wherein comprises rolling back said first group of
instructions provided said first bit is set and rolling back said second group of
instructions provided said second bit is set before allowing an instruction in said
third group to access said cache line, and otherwise granting said access; and

1[d] processing said first group and said second group of instructions according to
a value of said indicator.

The first point of objective uncertainty is what is processed by “said processing.” The
recitation of “said processing” in limitation 1[c][2], which is within the method step for executing

the third group of instructions (limitation 1[c][1]), suggests the action is being taken on the third

5 The use of the article “said” rather than “a” is significant. The Manual of Patent Examining
Procedure dictates how the articles “a” and “the” / “said” are used in patent claims. Specifically,
the first time a word or phrase is mentioned, the article “a” should be used, while thereafter the
article “the” or “said” should be used to refer back to the antecedent basis. MPEP § 2173.05(e)
(9th ed., Nov. 2024).
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group of instructions. See Ex. 9 (Herlihy Decl.) 9 45. However, the remainder of the limitation
indicates otherwise as it recites “rolling back said first group of instructions . . . and rolling back
said second group of instructions.” The specification does not help to resolve this uncertainty
because instructions from each of the first, the second, and the third groups of instructions are all
potentially being processed in the computer system. £E.g., Ex. 3 (°395 patent) at 6:62—65.
Accordingly, it is not reasonably ascertainable to a POSITA from the full specification which
group of instructions is subject to “said processing” in claim 1. See Ex. 9 (Herlihy Decl.) § 45.
Further compounding this objective uncertainty, the claim language is also unclear as to
which structure performs “said processing,” as the claim recites both “a processor” and “an agent
other than said processor” before reciting the “said processing” limitation. Indeed, ‘“said
processing” is recited in limitation 1[c][2], which is a sub-step of the third method step. The claim
requires the third method step (limitation 1[c][1]) is performed “by an agent other than said
processor.” Ex. 3 (’395 patent) at cl. 1 (emphasis added). A POSITA would therefore understand
that “said processing” in the sub-step of the third method step is likewise performed by that same
“agent other than said processor.” Id.; Ex. 9 (Herlihy Decl.) § 44. However, the remainder of the
limitation concerns the first and the second groups of instructions, which are executed by the
processor in the earlier-recited method steps (limitations 1[a] and 1[b]). See Ex. 3 (°395 patent)
at cl. 1; Ex. 9 (Herlihy Decl.) § 44. Furthermore, the specification is silent as to which structure
performs “said processing” that “comprises rolling back said first group of instructions . . . and
rolling back said second group of instructions.” See, e.g., Ex. 3 (395 patent) at 5:54-56
(describing the result—*then the instruction groups associated with the observed bits that are set
are forced to roll back”—without identifying the responsible structure), id. at 5:58—61 (same), id.

at 6:6—11 (same), id. at 7:59-62 (same, with reference to step 43 in Figure 4), id. at 6:65-7:3
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(describing “some or all of the processes . . . are executed by one or more of the agents 10-13”);
see also id. at 6:12—16 (describing when, but not how, rollbacks could occur), id. at 6:24-29 (same).
Accordingly, it is not reasonably ascertainable to a POSITA whether “said processing” in claim 1
is performed by the recited “processor” or the recited “agent other than said processor.” See Ex.
9 (Herlihy Decl.) 9 44.

Claim 2 also adds objective uncertainty. The language of dependent claim 2 refers to “said
processing,” but it does not resolve the uncertainties in independent claim 1:

2. The method of claim 1 wherein further comprises:

determining a state of said cache line, wherein said state is specified according
to a cache coherency protocol comprising at least a modified state, a shared
state, and an invalid state; and
rolling back said first group of instructions provided said first bit is set and
rolling back said second group of instructions provided said second bit is
set, and then granting said access provided said cache line is in other than
said shared state, and otherwise granting said access only when said cache
line is in said shared state.
Rather, it remains unclear which of the two recited structures performs “said processing,” and
which of the three recited groups of instructions is the subject of “said processing,” making this
claim indefinite. Specifically, the state of the cache line can be determined when processing any
of the first, the second, or the third groups of instructions by, e.g., checking cache coherency
protocol bits. See Ex. 9 (Herlihy Decl.) 9 46; see also Ex. 3 (’395 patent) at 6:20-24 (“In one
embodiment, . . . the cache coherency protocol bits 23 are also checked to determine the state (e.g.,
the MESI state) of cache line 21.”).

Finally, the prosecution history does not provide reasonable clarity. A “processing” step

was added by amendment as the second limitation of dependent claim 34:
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34. (Currently Amended) The method of Claim 33 further comprising:
executing a third group of instructions that causes said cache line to be

accessed;

beenread-and-generating-aresuit-thereef; and
processing kerdhing said first group and said second group of instructions

according to a value of said indicator saidresuit.

Ex. 10 (°395 patent Prosecution History, June 17, 2010 Response to Non-Final Rejection) at 3
(highlight added). Claim 35 (which depended from claim 34) was also amended to recite a “said

processing” limitation, which then derived its antecedent basis from amended claim 34:

35. (Currently Amended) The method of Claim 34 wherein said third

group of instructions is executed by an agent other than said processor, wherein

said processing kandhrg comprises rolling back said first group of instructions
provided said first bit is set and rolling back said second group of instructions
provided said second bit is set before allowing an instruction in said third group to
access said cache line gre e ek '
cacheline-has-beenread, and otherwise granting said access witheutrolling

Id. at 4 (highlight added). However, in a later amendment, the text of amended claim 35 was added
to the first limitation of amended claim 34, and that text was then added to independent claim 33

thereby introducing an antecedent basis issue by changing the order of limitations:
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executing a third group of instructions that causes said cache line to be

accessed, wherein said third group of instructions is executed by an agent other

than said processor, wherein said processing comprises rolling back said first

group of instructions provided said first bit is set and rolling back said second

group of instructions provided said second bit is set before allowing an instruction

in said third group to access said cache line, and otherwise granting said access;

and

processing said first group and said second group of instructions

according o a value of said indicator.

Ex. 11 (’395 patent Prosecution History, June 30, 2014 Response to Decision on Appeal) at 2
(excerpt of amended claim 33, now claim 1) (highlights added). Further, by rewriting “said
processing” to now be part of the step of “executing a third group of instructions . . . by an agent
other than said processor,” the Applicant compounded the objective uncertainties discussed above.

When Tesla explained the issue and asked IV to clarify the meaning of “said processing,”
IV refused and instead doubled down on its “plain and ordinary” construction. E.g., Ex. 5 (12-18-
2024 Email fr. Downing to Ellis re: claim construction).

The term “‘said processing” is indefinite because: (1) it lacks an antecedent basis, (2) the
specification provides multiple ways to interpret this claim language, and (3) a POSITA cannot
reasonably resolve the objective uncertainty.

E. “broadcast information” (’416 patent, claim 1)

Tesla’s Proposed Construction IV’s Proposed Construction

Plain meaning, which is “information that is
received via a broadcast transmission to all Plain and ordinary meaning.
UEs within a base station’s coverage area.”

Tesla’s proposed construction has three parts: (1) the receipt of information (“information

that is received”); (2) through a broadcast (“via a broadcast transmission”); (3) by devices within
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a coverage area (“to all UEs within a base station’s coverage area”). Each of these parts is within
the plain meaning of the phrase—Tesla construes the term only to assist the factfinder. IV disputes
Tesla’s construction under the guise of “plain and ordinary meaning” but has never explained the
nature of its dispute.

Tesla’s proposed construction is consistent with the claim language. The full limitation
refers to “receiv[ing]” information through a “broadcast”: “a receiver, the receiver configured to
receive broadcast information including a plurality of bits, wherein each of the plurality of bits
indicates a respective time interval that physical shared channel resources are utilized to signal
channels.” Ex. 4 (’416 patent) at cl. 1 (emphasis added). Although the claim does not explicitly
state the information is received by “all UEs within a base station’s coverage area,” that is the plain
meaning of “broadcast.” As an example, a common usage of “broadcast” is a radio broadcast or
television broadcast, which is a communication that is not directed or otherwise addressed to a
particular user or device, but rather received by all radio or television consumers within an
applicable coverage area.

This interpretation is also consistent with the intrinsic record. For example, the *416 patent
explains that “broadcast information” is information “relevant to that cell, such as the network
identity[.]” Id. at 3:20-23. The 416 patent distinguishes “broadcast” messages sent to “all UEs
in a cell” from communications “targeted” to particular UEs. Id. at 11:16-26 (“[T]he indicator
bits may be either broadcast to all UEs in a cell, or transmitted to a targeted group of one or more
UEs in a cell.”) (emphasis added).

Other aspects of the intrinsic record similarly require Tesla’s interpretation. U.S. Patent

Nos. 6,111,865 (“the *865 patent”), 8,493,909 (“the 909 patent”), and 8,446,849 (“the ’849

patent”) were all considered during prosecution and are thus part of the intrinsic record. Phillips
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v. AWH Corp., 415 F.3d 1303, 1317 (Fed. Cir. 2005) (explaining intrinsic record “includes the
prior art cited during the examination of the patent.”); see also Kumar v. Ovonic Battery Co., Inc.,
351 F.3d 1364, 1368 (Fed. Cir. 2003) (adopting definition provided by prior art in intrinsic record);
Arthur A. Collins, Inc. v. N. Telecom Ltd., 216 F.3d 1042, 1044-45 (Fed. Cir. 2000) (construing
term based on its usage in prior art cited in patent). Each uses “broadcast” to refer to
communications to all receivers within a range. For example, in the *909 patent, a “broadcast” is
a message sent “all the UEs” in a cell. Ex. 12 (°909 patent) at 4:37-41 (“The MAC-b (MAC-
broadcast) entity handles only the radio-cell-relevant system information which is broadcast to all
the UEs in the relevant radio cell by mapping the logical broadcast control channel BCCH to the
transport broadcast channel BCH.”). Similarly, when referring to communications with other
terminals, the 865 patent uses “broadcast” to refer to communication sent to “all” terminals. Ex.
13 (’865 patent) at 5:51-54 (“The multi-bit quick page message could also be used to indicate that
the full paging channel should be performed for a longer duration so that system parameter changes
can be broadcast to all the wireless terminals 10.”). The 849 patent includes similar usage. Ex.
14 (°849 patent) at 9:48-55 (“Transport Channels comprises a Broadcast Channel (BCH),
Downlink Shared Channel (DL-SCH) and a Paging Channel (PCH), the PCH for support, of UE
power saving (DRX cycle is indicated by the network to the UE), broadcasted over entire
cell ....”).

Tesla’s interpretation of the plain and ordinary meaning is also corroborated by the relevant
extrinsic evidence. The 416 patent relies on teachings from cellular standards (referred to as
3GPP standards). E.g., Ex. 4 (’416 patent) at page 2 (citing 3GPP standards as prior art), 1:25-33
(citing 3GPP standards as “Background”), 9:33-38 (referring to the patented system as being

“described in a context” of channels “defined in” various 3GPP standards). 3GPP standards
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(including, for example, 3GPP TS 25.221, which is cited in the *416 patent at 2:2-3) rely on a
standardized vocabulary promulgated by the 3GPP for terms such as “broadcast.” See, e.g., Ex.
15 (3GPP TR 21.905 v10.3.0, “3rd Generation Partnership Project; Technical Specification Group
Services and Systems Aspects; Vocabulary for 3PP Specification (Release 10)) (“3GPP
Vocabulary”). And, like Tesla’s proposed interpretation, the 3GPP Vocabulary defines
“broadcast” as “denot[ing] unidirectional distribution to all users.” Id. at TESLAIV000022278
(emphasis added).

Thus, Tesla’s interpretation of “broadcast” is consistent with the intrinsic and extrinsic
evidence and should be adopted.

VII. CONCLUSION

For these reasons, the Court should adopt (i) the parties’ agreed constructions and

(i1) Tesla’s proposed constructions for the disputed terms in the Asserted Patents.
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IN THE UNITED STATES DISTRICT COURT
FOR THE WESTERN DISTRICT OF TEXAS
AUSTIN DIVISION

INTELLECTUAL VENTURES II LLC,
Plaintiff,

v. Civil Action No. 1:24-cv-884-ADA
TESLA, INC.,

Defendant.

DECLARATION OF DANIEL R. GOPENKO IN SUPPORT OF
TESLA’S OPENING CLAIM CONSTRUCTION BRIEF

I, Daniel R. Gopenko, declare as follows:

1. I am an attorney at the law firm of Fish & Richardson P.C. I make this declaration
on behalf of my client, Tesla, Inc. and in support of Tesla’s Opening Claim Construction Brief. I
have personal knowledge of the matters stated in this declaration and would testify truthfully to
them if called upon to do so.

2. Attached hereto as Exhibit 1 is a true and correct highlighted copy of U.S. Patent
No. 6,894,639.

3. Attached hereto as Exhibit 2 is a true and correct highlighted copy of U.S. Patent
No. 7,336,805.

4. Attached hereto as Exhibit 3 is a true and correct highlighted copy of U.S. Patent
No. 8,898,395.

5. Attached hereto as Exhibit 4 is a true and correct highlighted copy of U.S. Patent

No. 10,136,416.
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6. Attached hereto as Exhibit 5 is a true and correct highlighted copy of an email chain
from Downing to Ellis re: claim construction, dated December 18, 2024.

7. Attached hereto as Exhibit 6 is a true and correct highlighted copy of excerpts of
the prosecution history of U.S. Patent No. 6,894,639 (Dec. 18, 1991 Submitted Claims and May
28, 2004 Claim Amendments).

8. Attached hereto as Exhibit 7 is a true and correct highlighted copy of the Claim
Construction Order dated February 22, 2022 in Mirror Imaging v. Capital One, N.A., et al, Case
No. 6:21-cv-0465-ADA, Dkt. 28 (W.D. Tex.).

0. Attached hereto as Exhibit 8 is a true and correct copy of Besl, 4 Method for
Registration of 3-D Shapes, IEEE Transactions of Pattern Analysis and Machine Intelligence, vol
14, No. 2, February 1992, bates labelled TESLAIV000023924.

10.  Attached hereto as Exhibit 9 is a true and correct copy of the declaration of Dr.
Maurice Herlihy, dated January 9, 2025.

11. Attached hereto as Exhibit 10 is a true and correct highlighted copy of excerpts of
the prosecution history of U.S. Patent No. 8,898,395 (June 17, 2010 Response to Non-Final
Rejection).

12. Attached hereto as Exhibit 11 is a true and correct highlighted copy of excerpts of
the prosecution history of U.S. Patent No. 8,898,395 (June 30, 2014 Response to Decision on
Appeal).

13. Attached hereto as Exhibit 12 is a true and correct highlighted copy of U.S. Patent
No. 8,493,909.

14. Attached hereto as Exhibit 13 is a true and correct highlighted copy of U.S. Patent

No. 6,111,865.

2
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15.  Attached hereto as Exhibit 14 is a true and correct highlighted copy of U.S. Patent
No. 8,446,849.
16.  Attached hereto as Exhibit 15 is a true and correct highlighted copy of excerpts of

3GPP TR 21.905 v10.3.0, bates labelled TESLAIV000022271.

I declare under penalty of perjury under the laws of the United States that the foregoing is

true and correct. Executed at Washington, DC this 9th day of January 2025.

/s/ Daniel R. Gopenko
Daniel R. Gopenko
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GENERALIZED HEBBIAN LLEARNING FOR
PRINCIPAL COMPONENT ANALYSIS AND
AUTOMATIC TARGET RECOGNITION,
SYSTEMS AND METHOD

2

343, pp. 644—647 (1990), Linsker, R. “Self Self-organization
In a Perceptual Network.” Computer vol. 21, pp. 105-117
(1988), and Kammen, D. M. and Yuille, A. L. “Spontaneous
Symmetry-breaking Energy Function.” Biological
Cybernetics, vol. 59, pp. 23-31 (1988). Linsker demon-

5
(C) Copyright, Texas Instruments Incorporated 1991. A strated‘ how Het?bian learni‘ng algorithms, which Chaqge
portion of the disclosure of this patent document contains synaptic connections according to the degree of correlation
. o . . . between neuronal inputs and outputs, give rise to layers of
material which is subject to copyright protection. The copy- ; . - .

. R .. : center-surround and orientation-selective cell, even if the
right owner has no objection to the facsimile reproduction ) he initial 1 . d hite G s .
by anyone of the patent document or the patent disclosure, 10 tnput to the initial layer is random while (yaussian noisc.

. . Kammen and Yuille show that orientation-selective recep-
as it appears in the Patent and Trademark Office patent file ) .
or records, but otherwise reserves all copyright rights what- tive ﬁel.ds can also de\.felop fr.o.m A symmetrytbreakmg
Soever. mechanism. ‘Un‘der certain COl’ldlthHS', the receptive fields
perform a principal component analysis of the input data, as
FIELD OF THE INVENTION s was shown in Oja, E. J. “A Simplified Neuron Model As A
Principal Component Analyzer.” Mathematics and Biology,
The present invention relates generally to products and vol. 15, pp. 267-273 (1982). Similarly, the article by Brown,
methods pertaining to pattern recognition and classification T. H., Kairiss, E. W., and Keenan, C. L., “Hebbian synapses:
proce'dures, parallel computer architectures, learning Biophysical mechanisms and algorithms,” Annual Review
techniques, and neural networks. 5o ©Of Neuroscience, vol. 13, pp. 475-511 (1990) suggested
BACKGROUND OF THE INVENTION Hebb'ian learning occurs in natur'e. '
With respect to the computational requirements, neural
Target recognition and pattern classification involves the networks provide parallel computational implementations.
evaluation of new observations on the basis of paSt obser- These networks embody an approach to pattern recogniﬁon
vations to distinguish targets or desired patterns from back- »s and classification based on learning. Example patterns are
ground clutter. This task is complicated by the complex used to train these networks to isolate distinctions between
nature of real world environments. Moreover, the computa- the particular patterns and background clutter for proper
tional overhead of many practical classification problems classification.
strain serial computer resources. With respect to neural networks, the architecture of a
With respect to the COIIlpleXity of pattern I'GCOgIlitiOIl and 30 neural network can be simply represented by a data-
pattern classification techniques, many of these techniques dependency graph, such as that shown in FIG. 1. As shown,
rely on feature information to differentiate preferred targets this data-dependency graph includes a set of active nodes 4
from background clutter. Coordination and selection of this and a set of passive communicative links 6. The graph nodes
feature information is an ongoing problem, as the desired 4 represent artificial neurons and the passive communication
feature information itself (e.g., contrast-based and texture- ;< links 6 define unidirectional communication paths between
based) often varies from target to target (e.g., size,  the artificial neurons 4 (graph nodes 4). Additional links 2
stationary, make-up, composition, orientation), target to are used as network inputs, which indicate which neurons
background (e.g. location of target), data set to data set (e.g., will receive input signals from outside the network.
lighting, time-of-day, ambient temperature, and context of Similarly, additional links 8 arc used as network outputs,
scene, sensor characteristics), and data source to data source 4, which indicate which neurons will transmit output signals to
(e.g., one-dimensional or multi-dimensional data, such as outside the network. A communication link 6 effectively
digitized infrared imagery, digitized TV imagery, digitized makes the output state of one neuron at the tail of the link
Infra-red imagery, speech samples, or radar samples). available to the neuron at the head of the link. For example,
Recently, researchers have focused on the perception of if the neuron states were made available as electrical volt-
features in the visual field by biological visual systems and 45 ages or currents, the communication links could be provided
the organization of these biological visual systems. In short, as simple conductive wires.
this research has focused on what features are perceived and Referring to FIG. 2, some architectures are feed-forward,
how are the receptive fields (e.g. neurons sensitive to wherein signals are inputed through communication links 2
particular features) organized. This work contributes to the which direct the input signals, flow through the communi-
understanding of biological vision systems and lays the sp cation links 6 to the neurons 4 in the neural network in a
groundwork for artificial vision systems in such arcas as layer-by-layer fashion, and outputted through the commu-
robotics and automatic target recognition. nications links 8 which direct the output signals. No circular
In particular, D. J. Hubel and T. N. Wiesel in their article path of feedback exists within this type of network. Other
Hubel, D. J. and Wiesel, T. N, “Receptive Fields, Binocular networks are fully interconnected, wherein all neurons are
Interaction, and Functional Architecture in The Cat’s Visual s5 connected to all other neurons. FIG. 3 shows an example of
Cortex.” Journal of Physiology. vol. 160, pp. 106-154 this type of network, wherein all neurons 4 are connected to
(1962) and D. Marr in his book Marr, D. Vision W. H. all other neurons 4 through corresponding communication
Freeman and co. San Francisco 1982 are credited with links 6 with input and output communication links as shown.
initiating research in this field. Recent work, however, in In general, each neuron in a neural network architecture has
artificial neural networks suggests mechanisms and optimi- 60 @ high fan-in and a high fan-out.
zation strategies that explain the formation of receptive With respect to the neuron function itself, neuron states
fields and their organization in mammalian vision systems. are generally defined by non-linear local functions. The
This work includes Miller, K. d., Keller, J. B. and Stryker, output value of a neuron is defined by a transfer function,
M. P. “Ocular Dominance Column Development: Analysis which depends only upon the neurons’ current internal state,
and Simulation.” Secience, vol. 245, pp. 605-615 (1989), 65 a set of local parameters called synapses, and the value of
Durbin, R. and Michison, G. “A Dimension Reduction signals received from other neurons. FIG. 4 shows a sim-
Framework For Understanding Cortical Maps.” Nature, vol. plified schematic of a neuron, along with its network links
Exhibit 2003
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3 4
12, synaptic parameters 14, and typical input-output transfer Thus,
function 16. Input voltages V;, V,, V5, ... V,; are received
from other neurons and output voltage V, is outputed to = ZrA @ - i)
other neurons. The neuron transfer function 16 is usually A+Zr
described as a non-linear function of the sum-of-products of 3
the synapse parameters 14 with their associated input signal If A>>Z,,
values. FIG. 5 shows a typical non-linear function that must Y, 7o)
be provided by each neuron that operates according to o
equation 1, which is defined as follows 10 The gain factor A is infinite in the idea case, and very large
values of A (Over 1 million) can be obtained in practice
v using off-the-shelf OTA components. An ideal OTA will
Vi=F [Z U;jVi] have a zero input resistance at its inputs, so that the operation
=1 of the circuit may be understood by assuming equation 7,
15 and by assuming that the voltage at either input referenced
to ground is always zero. Electrical components placed
In defining the transfer function described by equation 1, V; between the output of an OTA and its negative input induce
is the output value (or state) of neuron i, negative current feedback in the circuit while components
placed between the OTA output and its positive input induce
Z ij 5o Positive current feedback. Simple resistive feedback causes
the OTA to generate an output voltage proportional to the net
current difference at its’ positive and negative input
is the value of the synapse parameter that modifies the effect ~ terminals, as shown in FIG. 8 and the corresponding equa-
of the output of neuron j on the state of neuron i, and F is tions 8, 9 and 10, which are as follows
a function of the sum-of-products of the synapses with 25
neuron states. With respect to FIG. 5, F is a linea1.‘ functi(?n Vi=Reig _2 it V1 Z oV, oy =
of the sum-of-products input near the zero sum region, while
saturating to positive and negative values when the sum
exceeds a preset positive or negative value. . . .
) .. ) 30 Using these assumptions, the operation of the neuron
With respect to training and using the neural netWQrk, the circuit can be explained. The resistors attached to the input
Synapscs affe(':t the tran§fer function by modulathg the of the amplifier shown in FIG. 6 serve to produce input
strength of signals received from other neurons in the currents proportional to the product of the input voltages V;
network. In virtually all models, the behavior of the network and the conductances of the resistors R;.. The input resistors
as a whole is changed by altering the values of the synaptic 35 thys act as the synaptic parameters in FIG. 4, while the
parameters. Once the parameters are altered, mputs can be neuron state values are represented as the output voltages of
applied to the network, and the processed output taken from the OTAs that implement each neuron function. In general,
the designated set of neurons. The time during which the synapse parameters can be bipolar. That is, these parameters
synapse parameter values are altered is generally called the can take on positive and negative values. However, it is not
Training Phase. The time during which input signals flow 40 simple in general to implement negative conductances that
through the network while the synapse parameters remain  physically represent mathematically negative synaptic
fixed is called the Recall or Relaxation Phase. parameters. Fortunately, the differencing nature of the OTA
With respect to neuron circuit embodiments, FIG. 6 shows can be usc'ac.i to provide the effect of neggti\fe conducte}nces
the schematic diaoram of an artificial neuron imolemented using positive conductance elements. This is accomplished
. . 5 . P . 45 by attaching resistors that provide the absolute (positive)
using resistors and an operational transconductance ampli- . ..
. ! . . value of the desired conductance to the negative input of the
fier. The resistors R, are associated primarily with the OTA. Since the subtraction of a » {in the OTA
. . . . . positive current in the
Synapses cquation 1, whﬂ.e the operational transconduc.:- is equivalent to the addition of a negative current, negative
tance amphﬁer (OTA) .and its feedback .component R 1s synapse parameters can be equally well implemented using
used to provide the desired transfer function F. 50 standard resistive elements. The feedback resistor R defines
With respect to the operation of an OTA, as shown in FIG. the slope of the OTA transfer function in the linear region,
6, an ideal OTA generates an output voltage proportional to while the power supply voltages determine the limiting
the difference of the currents entering its inputs, multiplied values of the transfer function in regions of strong negative
by a very large gain factor. FIG. 7 shows an ideal OTA. The and pOSiﬁVC bias. The circuit shown in FIG. 6 pI'OVidCS the
defining equation 7 for this circuit may be derived by the 55 basic functional requirements for a typical neural network
analysis, as follows neuron. Using a more complex feedback impedance in place
of R, can provide more complex transfer functions when
Vorr=Al,-i;) A>>>1 necessary.
FIG. 9 shows a schematic of a general neural network
=i+, 60 based on the use of resistor elements for the synapse
parameters and OTAs for the neurons. A non-intersecting
V. =A(it—i—ig) grid of wires is used to allow synapse resistors to be
connected from OTA outputs to OTA inputs. Pairs of grid
Vo lines are used to allow each synapse resistor to be connected
= e 65 from an OTA output to either a positive or negative OTA
input terminal. This functionality may be implemented in a
software domain as well. For instance, the software algo-
Exhibit 2003
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rithm shown in Table 1 produces a dynamic change in
neuron state similar to the dynamic changes expected from
the OTA array shown in FIG. 9. The synaptic parameters
(Resistor values) are assumed to be fixed and pre-stored in
a two dimensional matrix R. The OTA feedback resistors are
assumed to be the same for all neurons. The neuron states are
assumed to be initially preset to certain values and are
initially defined by a one dimensional matrix V. All param-
eters are assumed to be double precision floating point.
While only the relaxation model is shown, other models
exist and are well known in the art. The training algorithm
varies according to the specific neural network type.

SUMMARY OF THE INVENTION

This application discloses a method for distinguishing
targets from background clutter, comprising the steps of
mputting data (e.g., one-dimensional or multidimensional
data, such as digitized infrared imagery, digitized TV
imagery, speech samples, or radar samples), calculating data
statistics from the data and using said data statistics to select
target specific feature information (e.g., contrast-based and
texture-based) to distinguish specific targets from back-
ground clutter, generating the target specific feature infor-
mation from the data statistics, extracting the target specific
feature information from the data, using the target specific
feature information to distinguish specific targets from back-
ground clutter (e.g., parametric and non-parametric tech-
niques and one-class, two-class, or multi-class classification
procedures), and outputting target and background clutter
information. In particular, this method uses the Hebbian
Learning to distinguish and take advantage of second order
correlation information.

The invention may also be incorporated into a classifica-
tion system, comprising a data input (e.g., one-dimensional
or multi-dimensional data, such as digitized infrared
imagery, digitized TV imagery, speech samples, or radar
samples), a calculator to calculate data statistics from the
data input, a selector to use the data statistics to select target
specific feature information (e.g., contrast-based and
texture-based) to distinguish specific targets from back-
ground clutter, a generator to generate the target specific
feature information from the data statistics, a feature extrac-
tor to extract target specific feature information from the
data input, and a classifier to use the target specific feature
information to distinguish targets from background clutter
and output target and background clutter data (e.g., para-
metric and non-parametric techniques and one-class, two-
class, or multi-class classification procedures).

The advantages of this method and system and the cor-
responding hardware and software embodiments are that
they generate and select the target specific feature informa-
tion for the classification of preferred targets in the context
of particular backgrounds, and thereby increases the robust-
ness of the overall classification process. In particular, this
method and system uses a variation of the Hebbian learning
algorithm and recently discovered relationships between
neural network Hebbian learning algorithms and
statistically-based principal component analysis to generate
a set of distinguishing target characteristics pertinent to the
classification and separation of targets from background
clutter in automatic target recognition applications.

In addition, advantages also include the tailoring the
features (in the form of principal component filters) to reflect
the characteristics of a specific target or target class which
leads to separability of the targets based on a relatively small
number of features, which reduces the size of the feature
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space and the corresponding size of the training set required
for adequate generalization. Similarly, using only target
training examples for feature generation removes biases that
arise from nonrepresentative clutter training sets and signal-
to-noise ratios aid in identifying features that are more
robust over the training data. Likewise, hierarchies of fea-
ture filters covering relevant length scales in the image set
provide further discrimination of the object classes and
indicate any scale invariant properties of the objects. Finally,
carrying out filter convolutions is a local operation and can
be parallel over the image to yield fast implementation
times.

Although our focus is on automatic target recognition, the
described learning and classification methods extend to a
variety of pattern recognition domains. The invention may
be implemented in software and hardware configurations as
well. Parallel computer archetectures, such as neural
networks, are used extensively.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages will become apparent
from the following and more particular description of the
various embodiments of the invention, as illustrated in the
accompanying drawing, wherein:

FIG. 1 shows a data-dependency graph of a typical neural
neural network.

FIG. 2 shows an example of a feed-forward neural net-
work.

FIG. 3 shows an example of a fully connected neural
network.

FIG. 4 shows a simplified schematic of a neuron, along
with its network links, synaptic parameters, and typical
input-output transfer function.

FIG. 5§ shows a typical non-linear function provided by
each neuron operating according to defining equations.

FIG. 6 shows the schematic diagram of an artificial
neuron implemented using resistors and an operational
transconductance amplifier.

FIG. 7 shows an ideal operational transconductance
amplifier.

FIG. 8 is a 2-input operational transconductance
amplifier, which shows how equation 1 is provided.

FIG. 9 shows a schematic of a general neural network
based on the use of resistor elements for the synapse
parameters and OTAs for the neurons.

FIG. 10 shows a preferred system configuration.

FIG. 11 is a TV image from data set I, which contains the
five targets (marked with an “x”). that were used for training.

FIG. 12a shows 3x3 pixel filters determined by learning
with the generalized Hebbian algorithm, which are the first
three principal components for the training target regions
from data set L.

FIG. 12b is a graph showing the separability of target and
clutter objects based on variance values derived from the
third filter in FIG. 12a.

FIGS. 13a, 13b, 13¢, 13d, 13¢, 13f, 13g, and 13/ show the
5x5 pixel filters derived from training data set II, which
represent top eight principal components ordered by
decreasing eigenvalue.

FIG. 14 is a graph showing variances derived from Filter
5 in F1G. 13¢ in conjunction with the probability of detection
and the false alarm rate.

FIG. 154 is a graph showing the ratio of variances derived
from Filters 4 and 5 in FIGS. 13d and 13e.
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FIG. 15b is a graph showing the variance derived from
Filter 4 in a second set of 5x5 pixel filters described in the
detailed description in conjunction with the probability of
detection and the false alarm rate.

8

e (T +1) = cy(T) +7(T){YE(T)X_;'(T) - Y;(T)Z ij(T)yk(T)]

k<i

Table 1 shows a software algorithm that produces a ’ where c;; is the weight or connection strength between the i
dynamic change in neuron state similar to the dynamic input neuron and the i output peuron, X; is the j* compo-
changes expected from the OTA array shown in FIG. 9. nent of the input vector, y, s the i component of the output

vector, and Y(T) is a learning parameter that decreases with

Table 2 is a description of the two data sets discussed in time such that
text. 10

T=o0
DETAILED DESCRIPTION OF THE AR =0 aﬂdTZ_o Ny =co
PREFERRED EMBODIMENTS .

FIG. 10 shows a preferred classification system configu- o The second term on the rhs of equation 1 is the Hebbian
ration. As shown in FIG. 10, the classification system inputs ~ term and the third term ensures that the algorithm learns
the data in module 2, extracts feature information from the successive eigenvector.s (WhiCh_ arc th_e principal
inputted data in module 4 and inputs the feature information components) of the Lo-vatiance matnx.of the input vectors
into the classification module 6 which uses decision criteria »g ordered by decreasing cigenvalue. This decomposition of
12 to classify the target from background clutter and outputs the co-variance matrix in terms of cigenvectors is . the

o R i well-known Karhunen-Loeve transform. Local operations
this information in module 8. The feature selection module affect equation 1, which distinguishes the relationship
10 uses target statistics and data which are extracted from described in equation 1 from other relationships character-
the input data in module 14 to select and generate features 1zed by the Karhunen-Loeve transform and underscores the
specific to a given target class and inputs this information 25 importance of equation 1 for training neural networks.
into module 4 that extracts features. These distinguishing ~ Whereas Sanger applies equation 1 to image coding, texture
target characteristics help the classifier separate targets from segmentation, and the generation of receptive fields, prin-
background clutter, which makes the classification system cipal components have been used to characterize image
more robust. texture, as discussed in Ade, F. “Characterization Of Tex-

30 tures By Eigenfilters.” Signal Processing, vol. 5, pp.

In particular, the preferred system shown in FIG. 10 451457 (1983) and are used in the preferred embodiment.
accepts primarily long-wavelength infrared (IR) and televi- The preferred embodiment uses equation 1 to develop
sion (TV) imagery to be analyzed. As discussed, infra, the receptive fields for identifying a specific target object. The
data inputs are primarily derived from two data sets that extracted characteristics of the target object are embedded in
characterize two target scenarios: targets that are partially 35 the second-order image statistics. Inputs to the network are
occluded (e.g., targets along tree lines) and targets that rxs arrays of pixel values, which are rastered into rxs
resemble background clutter. Various procedures are used to component vectors, from image subregions that contain the
extract feature information, which will be discussed infra in target of interest. The resulting principal components are
conjunction with the feature selection process. The preferred directions in the rxs dimensional input space with maximum
system shown in FIG. 10 uses binary tree structure to 40 variance. Pro']ecn‘ons of input vectors glong the prlnf:lpal
classify inputted feature information, wherein the param- component dlrecthns are maxnn:ftlly‘ distinguishable. Eigen-
eters defined by the eigenvalues associated with the princi- Va.lues Correspon(.img to th@ principal components dete}“-

. ) i : ) - mined from equation 1 provide a measure of the variance in
pal components, discussed infra in conjunction with the th ncinal ¢ directi Sj ) i th
feature selection process, constitute the decision criteria. e principal component cirections. Since veelors m the

45 1input space are made up of pixel intensities, the principal

With respect to the feature selection process, the preferred components generally correspond to prominent intensity
embodiment uses target statistics and a neural network that ~ patterns or features in the object of interest. The preferred
implements a generalized Hebbian learning algorithm to embodiment trains on several examples of the target object
select and generate features specific to a given target class. to smooth out noise present in iﬂdi‘j’idl}al examples and to
The generalized Hebbian learning algorithm employed, 50 generate principal components that signify features common
which was discussed in the Sanger, T. D. “Optimal Unsu- to different OCCUITCnces of the object. )
pervised Learning.” Neural Nerworks vol. 2, pp. 459-473 The generated pr1nc1pal‘c0mp0nents are arrayed in rxs
(1989), selects features for automatic target recognition matrices (o produce. receptive fields or ﬁl.ters that arc con-
from the inputted imagery. The generalized Hebbian Learn- volved with the orlg}nal image data during classification.
. . o . 55 The preferred embodiment convolves these filters such that
ing algorithm generates principal components or receptive . . . . ...
features that resemble those found in Linsker’s work, dis- Fhe spatial samphng of pixel intensities used to construct the
cussed supra. Inter alia, Sanger shows that the GHA deter- Loput vectors 1s Preserved. N?Xt’ Cvery s array gf Plxels
mines the principal components of the data set in order of contained in the image subregion of interest is rpulﬂphed by
decreasing eigenvalue, which is important because the the ggnerated ﬁlter‘s and the‘n compuie the variances of the
higher eigenvalue components are generally the most impor- 0 rffsultmg COHVOIHHOHS.’ Variances (thesc are rela?ed fo the
{ant or prominent featurcs, elgf‘:nvalues of the p‘rmc1pa1 components) or ratios of the

variances (these provide a measure of the relative content of

The generalized Hebbian learning algorithm trains a one- two patterns) compose the parameter sets used for classifi-
layer neural network, where the input nodes define arrays of cation. The preferred embodiment uses range information, if
pixel intensity values from image data and the output nodes 65 available, to scan the image to properly adjust the size of the
index the principal components. Sanger describes the pro- box or window circumscribing the subregion of interest to
cedure with the following equation: reflect the target size.
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The spatial sampling density entering into the construc-
tion of the input vectors is an important parameter in the
generation of the receptive fields. This parameter corre-
sponds to the synaptic connection density in Linsker’s

10

performance on 9 additional images. Targets in the training

image represented different types of the target class. Target

heights in data set I ranged from 4 pixels to 32 pixels.
FIG. 12a displays the 3x3 pixel filters determined by

Hebbian algorithm, discussed supra, which only yields prin- 5 learning with the generalized Hebbian algorithm, which are
cipal components if the connection density is held fixed. The the first three principal components for the training target
preferred embodiment uses the spatial sampling density to regions from data set I. The first filter emphasizes regions
determine the scale of the feature. Please note that the spatial that have strong grayshade contrast with the background
sampling density must be appropriately scaled to ensure that environment; most of the targets show strong contrast with
the same feature scale is measured in all cases, if the target 10 background. The second and third features highlight regions
object occurs at different ranges in the image data, as in the with strong horizontal and vertical grayshade gradients,
inputted data reviewed in the preferred embodiment. As the respectively; target regions all have sharp transitions in
spatial sampling density for targets at nearer ranges are grayshade, from pixels within the targets to pixels outside
reduced, the preferred embodiment averages over the shorter the targets.
length scales to avoid aliasing effects. Thus, the preferred 15 FIG. 12b shows the separability of target and clutter
embodiment assumes that the target at the longest range fits objects based on variance values derived from the third filter
into a uxv pixel box. Input vectors for this case are formed in FIG. 12a. Abscissa values V5 are the variances derived
from intensity values of rxs blocks of pixels (where these from Filter 3 in FIG. 12a. The left-hand curve is the
blocks are smaller than the box size) extracted from the box probability for a clutter region to have a variance V.. larger
circumscribing the target object. The preferred embodiment 20 than variance V_; the right-hand curve is the probability for
composes input vectors from 2rx2 s blocks of pixels for a target region to have a variance V, smaller than variance
targets at half the initial range and extracts the intensity V_. The dotted line indicates the lower-bound on V, deter-
value from every second pixel. The preferred embodiment mined from the training data. Please note the dotted line lies
continues in this fashion in closer ranges. close to the point where the two probability curves cross,
The preferred embodiment also scales the spatial sam- 25 which marks the demarcation point in a Bayes classification
pling density for a given target sample to generate a hier- approach. In particular, FIG. 12b indicates that most of the
archy of receptive fields at different scales. The relevant background clutter has a much smaller vertical gradient
scales are set by the smallest scale detectable (effectively the content than the targets; tree lines and roads and horizons in
resolution) for the target seen at longest range and the size the image set extend mostly parallel to the horizontal edges
of the target object. This hierarchy characterizes the target 30 of the image and provide little vertical gradient content. The
object in terms of what features become relevant at different inventor also examined the same images with a feature set
length scales. For example, self-similar objects, which are based on contrast and edge measures and found that between
objects that look the same at any scale, are expected to have 8 and 16 of these features were required to achieve the same
an invariant feature set as a function of scale. Scaling of the level of separability found in FIG. 126 and that the discrimi-
spatial sampling density resembles renormalization group 35 nant surface, which divided targets and clutter, was highly
analysis that assumes system behavior is governed by how nonlinear.
the physical operators scale, discussed in Wilson, K. G. “The The experiments generated eight 5x5 pixel filters, which
Renormalization Group: Critical Phenomena And The are shown in FIGS. 13a, 135, 13¢, 134, 13e, 13f, 13g, and
Kondo Problem.” Review of Modern Physics vol. 47, PP. 134 for target set Il from four examples in a single image and
773-840 (1975). 40 tested filter performance on 23 images. The 5x5 pixel filters
The inventor used test data sets with military targets to were derived from training data for data set II. The filters
evaluate the effectiveness of the preferred system shown represent the top eight principal components and are
implementation, described supra. Table 2 shows a descrip- ordered by decreasing eigenvalue. Only filters 4 and § were
tion of the two data sets used. Images in data set [ were TV used for classification. SIN denotes the signal to noise ratio
whereas those in data set Il were long-wavelength IR. Target 45 defined infra. In addition, the 5x5 pixel filters shown in
objects for both data sets were of several different types, so FIGS. 13qa, 13b, 13c, 13d, 13¢, 13f, 13g, and 13/ represent
the preferred embodiment needed to find receptive fields top eight principal components ordered by decreasing eigen-
common to all types. Different orientations of the target value. Target heights ranged from 15 pixels in the far range
objects in these data sets did not appear to generate prob- to 175 pixels in the near range. Data set II was in several
lems. Apparently, targets from data set [ were positioned in 50 ways more challenging than the first data set because the
the field-of-view at long enough range that there was little noise level was higher and the target texture was very similar
sensitivity to orientation, and targets from data set II were to the texture of the clutter. The filters were ranked by a
sufficiently spherically symmetric to neutralize orientation signal-to-noise ratio (SIN), as shown in FIGS. 13a, 135, 13c,
effects. Preprocessing procedures were used to normalize 13d, 13e, 13f, 13g, and 13/, where S is the mean of the
linearly the pixel intensities so they fell in the range from 0 55 variances from the four examples in the training set and N
to 255. is the variance of the variances from the same training
The inventor defined clutter objects for both data sets as examples. S/N is a natural criterion, since the target char-
any region in the image passed by the screener and not a acteristics sought are both prominent and invariant over the
target fell into the clutter class, which is consistent with data set, which leads to large values of S/N.
conventional screeners. The inventor then used this defini- 60 FIG. 14 is a graph showing variances derived from Filter
tion to measure the capability of the principal component 5 in F1G. 13¢ in conjunction with the probability of detection
features to distinguish targets from objects similar in appear- and the false alarm rate. V5 denotes variances derived from
ance. Filter 5 in FIG. 13e. The dotted line is the lower bound on
FIG. 11 is a TV image from data set I, which contains the V, determined from the training data. With the lower bound,
five targets (marked with an “x”) that were used for training. 65 the probability of detection, P, is 0.89 and the false alarm
For data set I, the experiments used 3x3 pixel filters using rate, Py, is 0.27. As shown in FIG. 14, filter 5 had the largest
five targets contained in a single image and tested filter S/N ratio among the eight generated and alone provides
Exhibit 2003
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considerable separation of targets and clutter. FIG. 14 also
shows a lower cutoff for the target region, as the training
examples establish a lower bound on the target region in the
feature space due to the higher degree of noise and corre-
sponding smaller variance values associated with these
examples. The use of noisy examples, (and, hence, examples
more easily confused with clutter) helps estimate the true
position (as determined from an infinitely large data set) of
the classification discriminant surface from examples that lie
close to the boundary between target and clutter than from
examples that lie further away.

To achieve further separability of targets from clutter, the
inventor also examined ratios of the variance values from
the filters and found the ratios of the variance outputs from
filters 4 and 5 in FIGS. 134 and 13e further distinguish
targets and clutter, as shown in FIG. 15a. In particular, FIG.
15a is a graph showing the ratio of variances derived from
Filters 4 and 5 in FIGS. 13d and 13e. V_, V,, and V, indicate
the ratio of variances from Filters 4 and 5. The dotted line
is determined from training data. The clutter curve uses only
false alarms from the results in FIG. 14, whereas the target
curve uses all the target points. Using the dotted line to
discriminate targets and clutter (together with results from
FIG. 14), the detection probability is defined to be 0.89 and
the false alarm rate is defined to be 0.10, which is a
significant improvement over 0.27.

In addition, the experiments used the training image to
generate a second set of eight 5x5 pixel filters at a larger
length scale by halving the spatial sampling density of the
input vectors to the neural network. The filter with the
second largest S/N ratio was the same as filter 5 in FIG. 13.
This same filter further reduces the number of clutter points
mistakenly identified as targets, as shown in FIG. 155, which
suggests some self-similarity in the target characteristics and
indicates the persistence of a particular feature over a factor
of two in length scales. In particular, FIG. 15b is a graph
showing the variance derived from Filter 4 in a second set
of 5x5 pixel filters described in the detailed description in
conjunction with the probability of detection and the false
alarm rate. V, is the variance derived from Filter 4 in a
second set of 5x5 pixel filters, described infra. The clutter
curve uses only false alarms from the results in FIG. 15a. All
target points, however, are used. The dotted line is the
discriminator between targets and clutter set by the training
data. If the results shown in FIGS. 14, 154, and 155 are used
in sequence, the detection probability is determined to be
0.89 and the false alarm rate is determined to be 0.07, which
is another significant improvement in performance. As a
group, the three filters and their corresponding variance
outputs establish a binary classification tree for distinguish-
ing targets from background clutter. The final probability of
detection (ratio of the number of targets detected to total
number of targets) was 0.89, whereas the false alarm rate
(ratio of the number of clutter points mistakenly classified as
targets to total number of clutter points) was 0.07.

The values and ranges disclosed herein are given for a
preferred embodiment of the present invention, of course
these values may vary as the parameters are changed.
Therefore it is to be understood that many changes in detail
may be made as a matter of engineering choices without
departing from the spirit and scope of the invention, as
defined by the appended claims. In particular, alternate
procedures that share the same functionally as the proce-
dures discussed, supra, such as alternate classification tech-
niques or data inputs, are plainly within the scope of the
invention.
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I claim:
1. A method for distinguishing targets from background
clutter, comprising the steps of
(a) inputting data;
(b) calculating data statistics from said data and using said
data statistics to select target specific feature informa-

tion to distinguish specific targets from background
clutter;

(c) generating said target feature information from said
data statistics;

(d) extracting said target specific feature information from
sald data;

(e) using said target specific feature information to dis-
tinguish specific targets from background clutter; and

(f) outputting target and background clutter information.

2. The method of claim 1, wherein said data is one-
dimensional, two-dimensional, or multi-dimensional.

3. The method of claim 1, wherein said data is digitized
imagery, speech signals, or radar signals.

4. The method of claim 1, wherein parallel hardware
architectures are employed to use said feature information to
distinguish particular targets from background clutter.

5. The method of claim 4, wherein said parallel hardware
architectures comprise neural networks.

6. The method of claim 1, wherein said feature informa-
tion is contrast-based or texture-based.

7. The method of claim 1, wherein said feature informa-
tion is further used to distinguish two target classes or a
plurality of target classes from one another.

8. The method of claim 1, wherein Hebbian learning
techniques are used to select said target specific feature
information.

9. A classification system, comprising

(a) a calculator to calculate data statistics from a data
input;

(b) a selector to use said data statistics outputed from said
calculator to select target specific feature information to
distinguish specific targets from background clutter,
wherein said target specific feature information
uniquely describes a target for recognition purposes;

(c) a generator to generate said target specific feature
information from said data statistics outputed from said
calculator;

(d) a feature extractor to extract target specific feature
information from said data input; and

(e) a classifier to use said target specific feature informa-
tion extracted from said data input by said feature
extractor to distinguish targets from background clutter
and output target and background clutter data.

10. The classification system of claim 9, wherein said data
input is one-dimensional, two-dimensional, or multidimen-
sional.

11. The classification system of claim 9, wherein said data
input is digitized imagery, speech signals or radar signals.

12. The classification system of claim 9, wherein parallel
hardware architectures are employed in the classifier to use
said feature information to distinguish particular targets
from background clutter.

13. The classification system of claim 12, wherein said
parallel hardware architectures comprise neural networks.

14. The classification system of claim 9, wherein said
feature information is contrast-based or texture-based.

15. The classification system of claim 9, wherein said
selector employs Hebbian learning techniques to select said
target specific feature information.
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16. A classification hardware system, comprising

(a) a calculator to calculate data statistics from a data
input;

(b) a selector to use said data statistics outputed from said

14

(d) feature extraction software to extract target specific
feature information from said data input;

(e) classification software to use said target specific fea-
ture information extracted from said data input by said

. . . 5
C:fllc‘ulat(?r to selef:t target specific feature information to feature extractor to distinguish targets from back-
distinguish specific targets from background clutter,
. . . . . ground clutter and output target and background clutter
wherein said target specific feature information data: and
uniquely describes a target for recognition purposes; ata; an
(¢) a generator to generate said target specific feature 10 (f) wherein the calculation software, selection software,
information from said data statistics outputed from said generator software, feature extraction software, and
calculator, classification software reside on at least one computer-
(d) a feature extractor to extract target specific feature readable medium.
information from said data input; and 19. The classification software system of claim 18,
(¢) a classifier to usc said target specific feature informa- 15 wherein said selector employs Hebbian learning techniques
tlotn es;tre;ctgt?l t‘from‘ Eatld df[‘taf lnpli)t bky salddfelat:ire to select said target specific feature information.
extractor to distinguish targets from background clutter e
and output target and background clutter data. 20. Amethc?d‘ for distinguishing targets from background
17. The classification hardware system of claim 16, clutter, comprising the steps of
wherein saifi selector employs Hebbi‘an learm:ng techniques 20 (a) inputting data having targets and background clutter;
to sclect said target specific feature information. ] ] ]
18. A classification software system, comprising (b) applying neural network learning procedures to said
(a) calculation software to calculate data statistics from a data to construct a sct of operators;
data input; (c) applying said set of operators to data to construct a set
(b) selection software to use said data statistics outputed 23 of features;
from Sal.d calcul‘atc‘)r o select target specific feature (d) choosing optimal features from said set of features to
information to distinguish specific targets from back- distineuish R | - and
ground clutter, wherein said target feature information istinguish targets from clutter; an
uniquely describes a target for recognition purposes; 20 (e) using said optimal features to distinguishing targets
(c) generator software to generate said target specific from background clutter.
feature information from said data statistics outputed
from said calculator; #k & &
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(57) ABSTRACT

Many day-to-day driving situations require that an operator
of'a motor vehicle guide the motor vehicle along a specific
course and bring the vehicle to a stop at a specific location,
for example in a parking bay or at a loading platform. To
assist a vehicle operator in such situations, a method and a
suitable device for implementing this method, include
detecting the potential target objects in the image data of an
image sensor and identifying the potential target objects as
potential destinations in a multi-stage exclusionary method,
whereupon a trajectory describing an optimized travel path
is computed at least in relation to the most proximate
destination. By using the multi-stage exclusionary method
according to the present invention, it is possible to reliably
identify potential destinations in complex image scenarios
solely on the basis of their geometric form, even when the
destinations have not been encoded by specific symbols.

19 Claims, 3 Drawing Sheets
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DOCKING ASSISTANT

Priority is claimed to German Patent Application No. DE
10 2004 028 763.5, filed on Jun. 16, 2004, the entire
disclosure of which is incorporated by reference herein.

The present invention is directed to a method for assisting
vehicle guidance on the basis of image data, particularly
when maneuvering trucks toward docking stations, as well
as to a device suited for implementing the method.

Many day-to-day driving situations require that an opera-
tor of a motor vehicle guide the motor vehicle along a
specific course and bring the vehicle to a stop at a specific
location, for example in a parking bay or at a loading
platform. To assist a vehicle operator in such situations, the
Japanese Patent Application JP 2001-343212 A describes a
camera-based system for the guided entry into a parking bay
whose boundaries are marked on the road surface. The
system utilizes the fact that parking bays marked on the road
surface are typically bounded on the right and left by clearly
visible lines (lane marking signatures). In the image data
acquired by the camera integrated in the vehicle, these visual
signatures (boundary lines) are identified within an image-
processing unit. and their orientation is measured. Since the
visual signatures are parallel straight lines, they are also
reproduced as straight lines in the camera image data, so that
their angular deviation from the x- and y-axis of the camera
image can easily be determined. I'rom the angular deviations
of both straight-line sections relative to each other and the
knowledge of the distance that separates them, the vehicle’s
distance to the parking bay and its orientation relative to the
same can be calculated in a geometrically simple manner.
The image data are presented to the driver of the vehicle on
adisplay. directional arrows being superposed on the display
to indicate how far and in which direction the vehicle needs
to be controlled in order to reach the parking bay.

Correspondingly, the Japanese Patent Applications IP
2002-172988 A and JP 2002-172989 A describe how, by
using the image-processing system known from the Japa-
nese Patent Application JP 2001-343212 A, an at least
partially autonomous vehicle guidance into the parking bay
can be carried out, in that the lane required for parking is
precalculated. However, the evaluation of the image data for
purposes of positional determination requires that the sig-
natures (boundary lines) be clearly visible to enable their
angular deviation in the image data to be ascertained. In
particular, a correct positional determination requires that
the starting points of the visual signatures on the lane be
clearly ascertainable. In reality, however, this is not always
possible, due to soiling of and wear to the lane markings.

A camera-based position detection and lane control sys-
tem for motor vehicles that is rugged with respect to
obscuration and soiling of the visual signatures, is described
in the post-published German Patent Application DE
10323915.4. 1t discusses determining the position of the
motor vehicle relative to a visual signature, which is used to
mark the destination, by matching a template to camera
image data acquired from the motor vehicle’s surrounding
field. This requires superposing the visual signature in the
field surrounding the vehicle on a template of a visual

v

10

20

30

4

50

2

soiling. As do the other known related art methods for
assisting the driver of a motor vehicle in approaching a
destination, the system described in the German Patent
Application DE 10323915.4 also requires that the destina-
tion be provided with a specific. previously known signa-
ture. In order for the visual signature to be uniquely iden-
tifiable in the image data, it must be conceived in a way that
makes it clearly distinguishable from other visual signatures
actually existing in the surrounding vicinity or from those
that are only seemingly present.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
for assisting vehicle guidance on the basis of image data,
particularly when maneuvering trucks toward docking sta-
tions, as well as to provide a device suited for implementing
the method, which functions without the need for affixing
specific visual signatures at the destination.

The present invention provides a method for assisting
guidance of a motor vehicle on the basis of image data,
particularly when maneuvering trucks toward docking sta-
tions, in which image data are acquired by an imaging sensor
from the surrounding field of the motor vehicle; from the
acquired image data, the positional parameters of at least one
potential destination relative to the motor vehicle being
extracted, and, as a consequence thercof, a trajectory
describing an optimized travel path being calculated in order
to assist a subsequent vehicle guidance for at least one of the
potential destinations. According to the method, to extract
the relative positional parameters of the at least one potential
destination, the image data undergo an edge detection and
edge segmentation, in order to break down the image data
into individual edge segments, whose interrelationships are
stored in a mathematical tree structure. Subsequently, these
edge segments are then analyzed to check for the presence
of a geometric object that is similar to a geometric form
which, typically, at least partially describes a potential
destination. The detected geometric objects that correspond
to the typical geometric form are analyzed for plausibility
using a matching algorithm. These plausible objects undergo
an additional acceptance analysis to the effect that, based on
the knowledge of the imaging properties of the imaging
sensor in relation to its surrounding field, the shape of the
image formation of the objects in the image data is analyzed.
In addition, at least that object which is accepted in this
manner and which corresponds to the most proximate des-
tination is stored, along with the corresponding relative
positional data, in an object list, and. to this end, at least one
trajectory describing an optimized travel path is computed.

The present invention also provides a device for assisting
a motor vehicle guidance on the basis of image data, in

s particular for maneuvering trucks toward docking stations.

The device includes an imaging sensor (10, 22) for acquiring
image data from the field surrounding the motor vehicle: an
image-processing unit (11) for extracting positional param-
eters of at least one potential destination relative to the motor

signature stored in a memory. When the existing coordinate 60 vehicle from the image data; a processing unit (15) for
systems are known, the position of the motor vehicle relative computing at least one trajectory that describes the opti-
1o the visual signature can be directly inferred, in particular, mized travel path to one of the potential designations; and a
from the compression and rotation parameters of this tem- system (16) for assisting in the vehicle guidance to one of
plate matching. By using template matching for the problem the destinations. The image-processing unit (11) includes an
at hand, one very advantageously utilizes the fact that this 65 edge detector and segmenter which extracts the relative
method is highly reliable. even when the visual signature in positional parameters of the at least one potential destination
the image data is not fully visible due to obscuration or from the image data. Connected downstream of the edge
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detector and segmenter is a unit (12) for locating objects in
the image data that have geometric shapes that typically
correspond at least partially to the potential destination. In
addition, the image-processing unit includes a comparator
unit (13) for analyzing the detected geometric objects which
correspond to the typical geometric form, to check for
plausibility using a matching algorithm for making a com-
parison with object patterns stored in a memory unit (17). A
unit for acceptance analysis (14) is provided. which. based
on the comparison of selected geometric objects, analyzes
the shape of the image formation of the objects in the image
data, based on the knowledge of the imaging properties of
the imaging sensor in relation to its surrounding field. The
device communicates with a data memory (18) in which at
least that geometric object detected in the image data which
corresponds to the most proximate destination is stored,
along with the corresponding relative positional data, in an
object list. and then transfers these data to a processing unit
(15) communicating herewith to calculate a trajectory

describing an optimized travel path, this processing unit 2

making these data available to a subsequent driver assistance
system (16).

In the system according to the present invention for
assisting a motor vehicle guidance on the basis of image
data, in particular for maneuvering trucks toward docking
stations, including a method and a device suited for imple-
menting this method, image data are acquired by an imaging
sensor from the surrounding field of a vehicle and. from
these data, the positional parameters of at least one potential
destination relative to the motor vehicle are extracted. This
results in the calculation of a trajectory describing an
optimized travel path in order to assist a subsequent vehicle
guidance for at least one of the potential destinations. In this
connection, along the lines of the present invention, to
extract the relative positional parameters of the at least one
potential destination. the image data undergo an edge detec-
tion and edge segmentation. To that end, the image data are
broken down into individual edge segments, and their inter-
relationships are stored in a mathematical tree structure. In
a subsequent step, these edge segments are then analyzed to
check for the presence of a geometric object that is similar
to a geometric form which, typically, at least partially
describes a potential destination. If the typical destination is
a docking station for trucks at a warechouse, for example,
then the typical geometric form substantially corresponds to
a rectangle having roughly identical side lengths of approxi-
mately 2.5 m. Within the framework of the inventive
method, the detected geometric objects that correspond to
the typical geometric form are then analyzed for plausibility
using a matching algorithm, these objects, which are clas-
sified as plausible, undergoing an additional acceptance
analysis to the effect that, based on the knowledge of the
imaging properties of the imaging sensor in relation to its
surrounding field, the shape of the image formation of the
objects in the image data is analyzed (thus, an image of a
typical rectangular geometric form viewed from an elevated
location is formed in the image data as a trapezoid that tapers
toward the top). In a final method step, at least that object
which is determined within the scope of the acceptance
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path to at least the most proximate destination, based solely
on the knowledge of the geometric appearance of the
destination, without having to aflix specific symbols or
markings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is elucidated in the following on the
basis of advantageous exemplary embodiments and with the
aid of the drawings, in which:

FIG. 1: shows a block diagram describing the method
sequence;

FIG. 2: shows schematically, a camera system according
to the present invention mounted on a truck; and

FIG. 3: shows exemplarily. image data recorded using the
camera system from FIG. 2.

DETAILED DESCRIPTION

As becomes clear from FIG. 1. the method according to
the present invention is essentially sequential, in a first step,
an image sensor (10) recording image data from the field
surrounding a motor vehicle. In this connection, it is gen-
erally a question of a camera sensor which records image
data in the visible light spectrum. However. it is equally
conceivable that the image sensor (20) functions within an
essentially invisible wavelength range, in particular in the
infrared or in the ultraviolet wavelength range. Using such
an image sensor makes it advantageously possible for the
field surrounding the motor vehicle to be recorded to be
actively illuminated by headlights which radiate light in this
wavelength range, while objects or people in the area are
exposed to a nonglare-type illumination. On the other hand,
within the scope of the present invention. a millimeter wave
radar or a lidar may be used as image sensor (10).

The image data generated by image sensor (10) are further
processed in an image-processing unit (11). this unit includ-
ing, in particular, an edge detector and segmenter. with
whose assistance the image data are processed in such a way
that, at least for one potential destination, the relative
positional parameters are able to be extracted from the
image data. In this context, based on the knowledge of their
position and location, the extracted edges and segments are
able to be advantageously stored in a hierarchically orga-
nized tree structure in the image data. Many different proven
methods for creating and organizing such a hierarchical tree
structure are available to one skilled in the art: reference is
made here exemplarily to the comprehensive compilation
and discussion of widely varying tree structures by Robert
Sedgewick (R. Sedgewick, Algorithms in C, Chapter 4,
Addision-Wesley Pub. Comp. Inc., 1990). Based on the
knowledge of the geometric appearance of a destination, this
hierarchical tree structure may, at this point. be processed in
a unit (12) downstream from the image-processing unit (11),
in order to find geometric shapes that typically correspond to
the potential destination. This investigation to check for the
existence of a geometric object in the image data that
typically corresponds to a potential destination is performed
on the basis of the hierarchical tree structure, to this end, a

analysis and which corresponds to the most proximate 6o tree traversal algorithm known from the related art being
destination is stored, along with the corresponding relative able to be effectively used. In the case of a tree traversal
positional data, in an object list, and, to this end, at least one algorithm, the individual branches are systematically pro-
trajectory describing an optimized travel path is computed. cessed, beginning with the start nodes of the tree (R.

In this manner, a driver assistance is able to be devised by Sedgewick, Algorithms in C, Chapter 5.6, Addision-Wesley
using the device according to the present invention and on 65 Pub. Comp, Inc., 1998). In this connection, based on the
the basis of the method according to the present invention, knowledge of the typical geometric shape of a destination,
which computes a trajectory describing an optimized travel the edges and segments stored in parameters in the branches
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of the hierarchical tree are analyzed to check if they are able
to be pieced together to form geometric objects which
describe suitable, typical destinations. If the destination has
a square shape, for example, then only those edge elements
or segments, whose adjoining lateral surfaces substantially
form a right angle and whose distances to the respective
opposing side pairs are approximately of the same value, are
grouped together to form an object. By already observing
such elementary rules when processing the hierarchical tree
structure, the subsequent outlay for processing may be
limited already at this stage of the inventive method to
relatively few plausible objects which are actually similar to
a potential destination. Selection rules of this kind are
generally able to be very well defined within the framework
of the tree traversal algorithm, since typical destinations are
mostly man-made architectural objects, which, as a rule,
have a rectangular, in particular square, or also. however,
round shape.

The geometric objects pieced together by the tree tra-
versal algorithm, in connection with the rules derived from
the geometric shape of the destination, undergo an additional
acceptance analysis. In this connection, the image data are
compared in a comparator unit (13), with the aid of a
matching algorithm, to object patterns describing the desti-
nation stored in a memory (17). As a matching algorithm, the
IPC algorithm (Besl, P. 1., McKay, N. D., 4 Method for
Registration of 3-D Shapes, IEEE Trans. Pattern Analysis
and Machine Intelligence, vol. 14, no. 2, 1992, pp. 224-231)
is particularly advantageously suited. The iterative [PC
algorithm makes it possible for the objects determined with
the aid of the tree transversal algorithm to be scaled and
rotated in a way that minimizes the quadratic error with
respect to the object’s deviation from the ideal object pattern
of the destination. The distance to the potential destination
is also able to be easily estimated from the parameters
resulting from the scaling and orientation (in particular
rotation). At this point, the iterative sequence of the [PC
algorithm is briefly explained by way of example:

P denotes the position of the object pattern in space. ¢,
denotes the deviation between the stored object pattern and
the segments ascertained by the tree traversal algorithm and
grouped into an object. The iteration steps bear the desig-
nation n. For subsequent correction factor ¢, it must, there-
fore, follow that P, ,=P,-c,. The Jacobi matrix J, corre-
sponding thereto is defined in this connection as

de;
Jyj==—
de;

By linear approximation, it follows that Jij*cj*~e,. Within
the scope of the iteration, the optimal vector, which
describes the necessary scaling and rotation of the object
determined by the tree traversal algorithm, must satisfy the
equation
¢l

In this connection, this IPC algorithm is stabilized by the
iteration steps and exhibits an overcontrolled convergence.

The objects, which are scaled and oriented (rotated) in
comparator unit (13) by the matching algorithm, subse-
quently undergo a further acceptance analysis in unit (15). In
one especially advantageous type of acceptance analysis, in
those cases in which the surrounding field is recorded by the
sensor from an elevated position, those objects which do not
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exhibit any distorted images, as compared to their usual
geometric shapes, are rejected as potential destinations. For
example, the distortion of rectangular or square geometric
shapes of potential destinations is manifested as a trapezoid
in an image formation. In another effective type of accep-
tance analysis, based on knowledge of the customary posi-
tion of destinations, objects not corresponding to these
specifications in the image data are rejected. For example, if
an object is included in the image data whose position
relative to the imaging sensor is known, then, on the basis of
its image formation in the image data, an artificial horizon
may be generated, on whose basis the relative position of the
recognized objects is ascertained. In this manner, objects,
whose position deviates from the usual position of the
destination, are excluded from the further processing.

Of the geomeltric objects corresponding to a potential
destination that remain following the acceptance analysis, at
least the parameters (in particular position and distance) of
that object which corresponds to the most proximate desti-
nation are stored in a memory unit (18). At least for this
object, the trajectory describing an optimized travel path to
the potential destination may then be computed in a pro-
cessing unit (15) which is linked to memory unit (18). The
steering properties and capabilities of the motor vehicle are
considered in an especially advantageous manner in the
calculation of a trajectory describing an optimized travel
path. To that end, the device according to the present
invention should have a memory in which the data required
for this purpose are stored. On the other hand, it would also
be conceivable to provide the device with an input unit for
inputting the parameters describing the steering properties
and capabilities of the motor vehicle. This makes it easily
possible to adapt the computing program to various designs
(different body designs or trailers). In this computing pro-
gram, within the framework of the calculation of the trajec-
tory describing an optimized travel path, those potential
destinations are also rejected which are not able to be
reached in consideration of the given steering properties and
capabilities of the motor vehicle.

The thus calculated trajectories may then be made avail-
able to subsequent driver assistance systems (16). In this
connection, the method according to the present invention is
very advantageously conceived in such a way that the driver
of the motor vehicle is informed about the position of at least
one of the potential destinations and, in particular, about the
course of the trajectory which is computed for that purpose
and which describes an optimized travel path. This infor-
mation may be provided by showing the ideal trajectory on
a display: ideally. in this connection, the trajectory of the
planned lane being superposed symbolically on camera
image data representing the driver’s field of view.

As a matter of course, the vehicle guidance may subse-
quently be carried out automatically or at least semi-auto-

s matically, on the basis of the computed trajectory to the

nearest destination. It would be conceivable. for example,
when working with a semi-automatic or manual vehicle
guidance, for a deviation of the vehicle from the optimal
trajectory describing the travel path to be indicated by
audible or visual signaling means. This makes it possible, in
a simple manner, for the driver of the vehicle to be assisted
in observing the lateral guidance.

In the course of the lateral guidance, it is particularly
advantageous for the trajectory to be constantly readapted
with the aid of a Kalman filter and on the basis of a
continuous image analysis (temporal updating), in order to
substantially eliminate interference efects in the image data.
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It is also intended, during the vehicle guidance, for the
position of the objects stored as potential destinations in the
object list to be continuously monitored, so that, in the event
that the originally most proximate destination can no longer
be easily reached due to circumstances, that potential des-
tination is selected as a new, most proximate destination,
which, on the basis of the active position of the motor
vehicle, may best be reached in consideration of its steering
properties and capabilities. If a new destination is thus
ascertained to be the nearest destination to the vehicle, then,
on the basis of the active position, a trajectory describing an
optimized travel path to this destination must be computed.

FIG. 2 shows exemplarily a typical situation of a truck
(20) docking at a cargo door (26, 32) of a warchouse (25,
31). In this case, imaging sensor (22) is mounted above
driver’s cabin (21) of truck (20). Image sensor (22) is
aligned in such a way that, in travel direction (27) of truck
(20), it is able to record its loading platform (23, 35) as well
as its loading platform end region (24, 36), as well as

warehouse (25, 31) and cargo door (26, 32) situated therein. 2

Image data (30) resulting from a corresponding image data
acquisition are shown schematically in FIG. 3. Due to the
elevated position of image sensor (22), a cargo door (26, 32)
having a rectangular geometry is produced as a trapezoidal
image in the image data. It is assumed exemplarily that, after
processing of the image data in image-processing unit (11)
and of the tree traversal algorithm in unit (12), objects 32,
33, 34a and 34b are identified as geometric objects typically
corresponding to a potential destination. It is assumed that
object 32 corresponds to the image of cargo door (26) sought
as a destination. Object 33 corresponds to another rectan-
gular structure, for example a window of warehouse (25,
31). Apparent objects 34a and 346 do not represent images
of real objects, but rather result from interference in the
image data which coincidentally produces edge sections and
segments of a kind that results in the tree traversal algorithm
piecing them together to form a potential destination object.
These objects would then be scaled and oriented in com-
parator unit (13) by a matching algorithm. However. based
on the knowledge of the camera position and camera imag-
ing geometry, objects 34a and 34b would be eliminated
within the framework of the downstream unit for acceptance
analysis, since they do not have a trapezoidal shape. In
addition, knowing its position relative to the camera posi-
tion, the image formation of loading platform end region
(36) may be retrieved during the acceptance analysis to
produce an artifical horizon. On the basis of this artificial
horizon, object 33 may then also be eliminated, since it is
situated in a position (far above the horizon) that is abnormal
for the destination (cargo door). After executing the indi-
vidual method steps according to the present invention,
solely object 32 remains as a potential destination in this
example. so that its parameters may be stored in destination
memory (18) and be retrieved for computing the trajectory
describing an optimized travel path.
What is claimed is:
1. A method for assisting guidance of a motor vehicle on
the basis of image data, the method comprising:
acquired image data using an imaging sensor from a
surrounding field of the motor vehicle;
extracting from the acquired image data positional param-
eters of at least one potential destination relative to the
motor vehicle; and
calculating at least one trajectory describing an optimized
travel path using the positional parameters so as to
assist a subsequent vehicle guidance for at least one of
the potential destinations,
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wherein the extracting includes:

performing an edge detection and edge segmentation on
the image data so as to break down the image data into
a plurality of edge segments and storing interrelation-
ships of the plurality of edge segments in a mathemati-
cal tree structure;

analyzing the plurality of edge segments for the presence

of a geometric object associated with a geometrical
form that may at least partially describe a potential
destination so as to identify one or more potential
geometric objects;

analyzing the one or more potential geometric objects for

plausibility using a matching algorithm so as to identify
one or more plausible objects;

performing an additional acceptance analysis so as to

identify at least one accepted object, the additional
acceptance analysis including analyzing a shape of the
image formation of each object in the image data based
on knowledge of at least one imaging property of the
imaging sensor relative to the surrounding field; and

storing at least one accepted object that corresponds to a

most proximate destination together with correspond-
ing relative positional data in an object list.
2. The method as recited in claim 1, further comprising
processing the mathematical tree structure using a tree
traversal algorithm.
3. The method as recited in claim 1, wherein the potential
geometric objects include at least one of rectangles and
squares.
4. The method as recited in claim 1, wherein the matching
algorithm includes an IPC algorithm.
5. The method as recited in claim 1, wherein, when the
image sensor is disposed in an elevated position an image of
a rectangular or square potential destination is formed as a
trapezoid in the image data, and the acceptance analysis
rejects as potential destinations those objects that do not
exhibit a distorted image a typical geometric shape.
6. The method as recited in claim 1, wherein the calcu-
lation of the at least one trajectory includes considering a
steering property and a capability of the motor vehicle.
7. The method as recited in claim 6, further comprising
rejecting a potential destination that is not reachable given
the steering property and capability of the motor vehicle.
8. The method as recited in claim 1. further comprising
informing a driver of the motor vehicle about a position of
at least one potential destination and about the at least one
trajectory.
9. The method as recited in claim 1, further comprising
performing an at least semi-automatic vehicle guidance to
the most proximate destination using the at least one trajec-
tory.
10. The method as recited in claim 9. further comprising
using at least one of an audible and a visual signaling during
the vehicle guidance to assist a driver of the vehicle in
observing the trajectory.
11. The method as recited in claim 9, further comprising:
continuously monitoring a position of the stored at least
one accepted object during the vehicle guidance:

selecting a new most proximate destination went the most
proximate destination is no longer easily reachable,
wherein the new most proximate destination is selected
based on an active position of the motor vehicle and in
determining the at least one accepted object that is best
reachable, considering a steering properties and a capa-
bility of the vehicle: and

computing a new trajectory describing a new optimized

travel path based on the active position.
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12. The method as recited in claim 1, wherein the motor
vehicle is a truck and wherein the surrounding field includes
a docking station.

13. A device for assisting guidance of a motor vehicle
using image data, the device comprising:

an imaging sensor configured to acquire image data from
a field surrounding the motor vehicle;

an image-processing unit configured to extract positional
parameters of at least one potential destination relative
to the motor vehicle from the image data;

a processing unit configured to compute at least one
trajectory describing an optimized travel path to a
potential designation; and

a vehicle guidance system configured to assist in guiding
the vehicle to the potential destination,

wherein the image-processing unit includes:
an edge detector and segmenter for extracting relative

positional parameters of the at least one potential
destination from the image data:

a locating unit disposed downstream [rom the image
processing unit and configured to locate correspond-
ing objects in the image data having geometric
shapes corresponding at least partially to the at least
potential destination:

a memory unit for storing object patterns:

a comparator unit configured to analyze the corre-
sponding geometric objects, to check for plausibility
using a matching algorithm for comparing the object
patterns stored in the memory unit;

a data memory storing the geometric object detected in 3

the image data corresponding to the most proximate
destination is stored, along with the corresponding
relative positional data, in an object list;

IPR2025-00218
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an acceplance analysis unit configured to analyze a
shape of an image formation of the objects in the
image data based on the knowledge of the imaging
properties of the imaging sensor in relation to its
surrounding field, to communicate with the data
memory, and to transfer the most proximate desti-

nation to the processing unit.
14. The device as recited in claim 13, wherein the imaging

. sensor includes at least one of a camera, a laser scanner and

a millimeter wave radar.

15. The device as recited in claim 13, wherein the imaging
sensor is disposed at an elevated position on the vehicle from
where the imaging sensor to observe a part of the field
surrounding the motor vehicle relevant to the driving task.

16. The device as recited in claim 15, wherein the imaging
sensor is mounted in such a way that an image of at least one
portion of the motor vehicle is included in the image data.

17. The device as recited in claim 13, wherein the vehicle
guidance system communicates with at least one of a
steering, an acceleration and a braking equipment of the
motor vehicle so as to be able to act on the equipment at least
semi-autonomously.

18. The device as recited in claim 13, wherein the vehicle
guidance system includes at least one of a visual and an
audible output for communicating with a driver of the motor
vehicle.

19. The device as recited in claim 13, wherein the motor
vehicle is a truck and the surrounding field includes a
docking station.
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MEMORY MANAGEMENT FOR CACHE
CONSISTENCY

RELATED UNITED STATES PATENT
APPLICATION

This application is a Continuation Application of the co-
pending, commonly-owned U.S. patent application Ser. No.
11/102,127. filed Apr. 7, 2005, by G. J. Rozas, and entitled
“Memory Management Methods and Systems That Support
Cache Consistency.”

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention relate to computer
system memory, in particular the management of cache
memory.

2. Related Art

With direct memory access (DMA), an input/output (I/O)

system can issue read requests and writes directly to main 20 gecessed, then the instruction group is rolled back and reis-
memory without passing through the central processing unit sued. If an external agent (e.g., another processor or a DMA
(CPU). However, ifthe /O system uses DMA o writetomain - ¢ygiorm) snoops the cache and no cache line is indicated as
memoty, and chpnges data‘cached previously by the C? U, having been accessed, then the snoop can be processed using
then the CPU will not receive the new data unless the CPU a conventional cache coherency protocol (MESI, for
fetches the data from main memory. Also, for DMA reads, the ,¢ | « Yy P ==
CPU cache may contain more recent data than main memory, Seniple).
and 50 the I/O s'ys‘tem will not receive the new data unless ¥I BRIEF DESCRIPTION OF THE DRAWINGS
reads the cache instead of main memory. Multiprocessor sys-
tems, particularly systems referred to as shared-memory - . - A < :
simultaneous multiprocessor (SMP) architectures, have to The accompanying draw;x}gs..wh].ch dre mcorporz?ted i
deal with similar types of scenarios. The MESI (Modified, 30 and form a part of thl_s specification, xllus:trate embodl.mgnts
Exclusive, Shared, Invalid) protocol is a popular cache con- of the present invention _and. l():gclll_cr wnh th dcscnpt_mn.
sistency (coherency) protocol that addresses these issues. A serve to explain the principles of the invention. The drawings
modification of the MESI protocol is the MOESI (Modified, referred to in this description should not be understood as
Owned. Exclusive, Shared, Invalid) protocol. These protocols being drawn to scale except if specifically noted.
are known in the art. 35 FIG.1isablock diagram of a portion of a computer system
Constraints are also applied to memory operations to pre- upon which embodiments of the present invention can be
vent processors and DMA systems from reordering memory implemented.
operations at will. If, for example, each processor could reor- FIG. 2 is a block diagram of a cache and showing cache
der memory operations for optimization, code sequences that tags that are used according to one embodiment of the present
work on a single processor would not work on multiprocessor 40 invention.
systems. One type of constraint can be referred to as sequen- FIG. 3 is a flowchart of a method for managing memory in
tial consistency. With sequential consistency, the legal orders  ;ccordance with one embodiment of the present invention.
of memory operations are those that are indistinguishable FIG. 4 is a flowchart that continues from the flowchart of
from strict interleaving of the operations from eagh lhrez}d of FIG. 3.
centrol. For e)fample. for o threads, }he operations-of.one: FIG. 5 is a flowchart of a method for replacing a cache line
thread can be interleaved with those of the other thread, but ; 5 X i : 2
the order of operations within each thread is preserved. in accordance with one embodiment of the present invention.
There z’l're different clzlsse§ of lug.h-lgvel processor archi- DETAILED DESCRIPTION OF THE INVENTION
tectures with regard to operation reordering, optimization and
speculation. One such class can be referred to as a lumped . - : : ,
in-order architecture, and another such class as a lumped > Reference will now be made in detail to the various
out-of-order architecture. With lumped in-order architec- embod}menls of the invention, exqmp]es 01. which are 111}15-
tures, instructions are lumped into instruction groups that can ‘”_“Cd m lhc.acco‘mpan}.ung fjrawupgs‘ While the vention
be committed and rolled back atomically. Different instruc- will be described in conjunction with these embodiments, it
tion groups are committed sequentially and in order, but will be understood that they are not intended to limit the
within an instruction group, arbitrary reordering and optimi- 55 invention to these embodiments. On the contrary, the inven-
zation can occur. Full specula[ion is possib]e within an tion is intended to cover alternatives, modifications and
instruction group, but speculation, reordering and optimiza-  equivalents. which may be included within the spirit and
tion across instruction groups is limited. With lumped out-of- scope of the invention as defined by the appended claims.
order architectures, instructions are lumped into instruction Furthermore, in the following detailed description of the
groups that can be committed and rolled back atomically. 60 present invention, numerous specific details are set forth in
Different groups can execute out of order but are committed ~ order to provide a thorough understanding of the present
in order. invention. However, it will be recognized by one of ordinary
skill in the art that the present invention may be practiced
SUMMARY OF THE INVENTION without these specific details. In other instances, well-known
65 methods, procedures, components, and circuits have not been
A method or system that can maintain sequential consis- described in detail as not to unnecessarily obscure aspects of
tency for lumped (in-order or out-of-order) architectures the present invention.
IPR2025-00218 Exhibit 2003 Page 71 of 257
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would be advantageous. Prior attempts to achieve a sequen-
tially consistent, lumped architecture are limited with respect
to the number of memory operations that can be included in
an instruction group. Specifically, such attempts are limited to
a single memory operation per instruction group. Embodi-
ments in accordance with the present invention overcome this
disadvantage.

According to one embodiment of the present invention, a
group of instructions is executed. The group of instructions
can include multiple memory operations, and also includes an
instruction that when executed causes a cache line to be
accessed (e.g., read, write, store, load, etc.). In response to
execution of that instruction, an indicator associated with the
group of instructions is updated to indicate that the cache line
has been accessed. The cache line is indicated as having been
accessed until execution of the group of instructions is ended.
If an external agent (e.g., another processor or a DMA sys-
tem) snoops the cache and the cache line (or any other cache
line in the cache, for that matter) is indicated as having been
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Some portions of the detailed descriptions that follow are
presented in terms of procedures, logic blocks, processing,
and other symbolic representations of operations on data bits
within a computer memory. These descriptions and represen-
tations are the means used by those skilled in the data pro-
cessing arts to most effectively convey the substance of their
work to others skilled in the art. A procedure. logic block,
process, etc., is here, and generally, conceived to be a self-
consistent sequence of steps or instructions leading to a
desired result. The steps are those requiring physical manipu-
lations of physical quantities. Usually, though not necessarily,
these quantities take the form of electrical or magnetic signals
capable of being stored. transferred, combined. compared,
and otherwise manipulated in a computer system. It has
proven convenient at times, principally for reasons of com-
mon usage. to refer to these signals as bits, bytes, values,
elements, symbols, characters, terms, numbers. or the like.

It should be borne in mind, however, that all of these and
similar terms are to be associated with the appropriate physi-
cal quantities and are merely convenient labels applied to
these quantities. Unless specifically stated otherwise as
apparent from the following discussions, it is appreciated that
throughout the present invention. discussions utilizing terms
such as “‘executing,” “changing,” ** accessing,” “han-
dling,” “rolling back.” “maintaining,” “eliminating,” “set-
] ” “associat-

ting,” “clearing,” “incrementing,” “decrementing.

ing.” “granting.” “determining” or the like, refer to the action
and processes (e.g.. flowcharts 30, 40 and 50 of FIGS. 3, 4 and
5, respectively) of a computer system or similar intelligent
electronic computing device (generally, a controller), that
manipulates and transforms data represented as physical
(electronic) quantities within the computer system’s registers
and memories into other data similarly represented as physi-
cal quantities within the computer system memories or reg-
isters or other such information storage, transmission or dis-
play devices.

FIG. 1 is a block diagram of a portion of a computer system
5 upon which embodiments of the present invention can be
implemented. Computer system 5 can include elements in
addition to those illustrated in FIG. 1. Generally speaking,
embodiments in accordance with the present invention per-
tain to a computer system (or similar electronic device) that
includes a processor, a main memory. a cache associated with
the processor, and one or more external agents that can access
the main memory and the processor’s cache.

Inthe example of FIG. 1, computer system 5 includes a first
processor 10, an optional second processor 11, and other
optional processors 12 that are coupled to main memory 18
via bus 19. In the present embodiment, computer system 5
also includes a peripheral device 13 coupled to main memory
18 via bus 19. For ease of discussion, the processors 10, 11
and 12 and the peripheral device 13 may be collectively
referred to herein as agents 10-13. Relative to processor 10,
processors 11 and 12 and peripheral device 13 may be

EENTS EERT)

using,
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referred to as external agents: relative to processor 11, pro- 3

cessors 10 and 12 and peripheral device 13 may be referred to
as external agents; and so on.

In one embodiment, peripheral device 13 is capable of
direct memory access (DMA). In general, DMA refers to a
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ment, each of the processors 10-12 can access each of the
caches 14, 15 and 16 via bus 19.

In general, the agents 10-13 may each be executing a group
of instructions according to a lumped in-order architecture or
according to alumped out-of-order architecture. The group of
instructions can each include one or more memory operations
(e.g., read, load, store, write, lock acquisition, etc.). The
group of instructions can be demarcated by commit points
(e.g., acommit ending one group of instructions can mark the
beginning of the next group of instructions, which in turn ends
at another commit). An instruction group is handled atomi-
cally (e.g., it is treated as a unit). An instruction (or instruc-
tions) in the group of instructions being executed by one of the
agents 10-13 may seek access to a cache associated with any
of the other agents 10-13.

In one embodiment, computer system 5 implements a
cache coherency protocol such as, but not limited to, MESI
(Modified, Exclusive, Shared, Invalid). According to the
MESI protocol, a cache line is identified as being in one of the
modified, exclusive, shared or invalid states. In the modified
state, the cache line includes more recent information than
main memory 18 (only the information in the cache line is
valid because main memory 18 is not up to date). and no other
cache holds the information in the cache line. In the exclusive
state, the information in the cache line is not in any other
cache and the information in the cache line is unmodified. and
accordingly main memory 18 is up to date. In the shared state.
the information in the cache line may be in one or more other
caches, and main memory 18 is up to date. In the invalid state.
the cache line does not contain valid information. MESI is
consistent with sequential consistency.

FIG. 2 is a block diagram of cache 14 according to one
embodiment of the present invention. Cache 14 includes a
number of cache lines exemplified by cache lines 21 and 22.

In the embodiment of FIG. 2, a cache line tag is associated
with each of the cache lines in cache 14. In one such embodi-
ment, each cache line tag includes a number of cache coher-
ency protocol bits. For example, cache coherency protocol
bits 23 are associated with cache line 21, and cache coherency
protocol bits 26 are associated with cache line 22. The cache
coherency protocol bits 23 and 26 can be used to indicate the
state of the cache lines 21 and 22, respectively, according to a
cache coherency protocol such as the MESI protocol.

Furthermore, in the present embodiment, each cache line
tag includes a number of additional bits referred to herein as
observed bits for ease of discussion. For example, observed
bits 24, 25, . . ., N1 are associated with cache line 21, and
observed bits 27,28, . .., N2 are associated with cache line 22.
The observed bits for cache 14 are associated with groups of
instructions executed by the agent (e.g.. processor 10) that is
associated with cache 14. In one embodiment, each cache line
tag is extended by one observed bit for each group of instruc-
tions that may be executed by processor 10 (FIG. 1) at the
same time. If, for example, processor 10 can execute five (5)
instruction groups in parallel, then the cache line tags are each
extended by 5 observed bits.

In the example of FIG. 2, observed bits 24 and 27 (associ-
ated with cache line 21) are associated with instruction group
A, and observed bits 25 and 28 (associated with cache line 22)

hardware circuit or software agent that can transfer data 60 are associated with instruction group B.
directly to or from main memory 18. In one embodiment, an observed bit is set (e.g.. set to a
Associated with the processors 10-12 are first cache 14, value of one) for a cache line in a cache if execution of an
optional second cache 15, and other optional caches 16, instruction in the group of instructions executed by the agent
respectively. In one embodiment, each of the processors associated with that cache causes that cache line to be
10-12 has their own cache. The caches may be physically 65 accessed (e.g.,load, store, read. or write). For example. in one
incorporated into the processors 10-12, or they may be physi- embodiment. observed bit 24 is set if an instruction in instruc-
cally external to the processors 10-12. In the present embodi- tion group A, when executed by processor 10, causes cache
IPR2025-00218 Exhibit 2003 Page 72 of 257
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line 21 to be accessed, because cache line 21 is in cache 14
associated with processor 10 (FIG. 1). In such an embodi-
ment, observed bit 27 (also associated with instruction group

A) is not set unless cache line 22 is also accessed because of

instruction group A.

In general, with reference to FIGS. 1 and 2, a group of

instructions executed by processor 10 may result in multiple

cache lines in cache 14 being accessed. For each cache line in all the instruction groups corresponding to the observed bits
cache 14 accessed because of a group of instructions executed that are cleared are rolled back, and the observed bits associ-
by processor 10, the observed bit corresponding to that group 19" ated with the instruction groups that are rolled back are also
of instructions is set. However. an observed bit associated cleared for other cache lines in cache 14.
with a cache line in cache 14 is not set if an instruction In one embodiment, the rollbacks just described occur only
executed on an external agent 11-13 causes access (e.g., a if an external agent 11-13 accesses, or requests access to, a
snoop or interrogation, or perhaps a read) to that cache line. | cache line in cache 14, an observed bit associated with that
For example. in one embodiment, an instruction executed by cache line has been set, and the cache line is not in the shared
an agent other than processor 10 that causes cache line 21 to state. Again consider an example in which an external agent
be accessed will not set an observed bit for cache line 21. (e.g., another processor 11 or 12 or a DMA agent such as
In one embodiment, when execution of a group of instruc- peripheral device 13) executes an instruction that seeks
tions is ended (e.g., the instruction group is committed, rolled 20 access to cache line 21. In one embodiment, in addition to
back, or aborted), each observed bit set by that group of checking the observed bits 24, 25, . . . ., N1 associated with
instructions is cleared (e.g.. unset, or set to a value of zero). cache line 21, the cache coherency protocol bits 23 are also
For example, if instruction group A is committed (or retired), checked to determine the state (e.g., the MESI state) of cache
rolled back or aborted, any of the observed bits 24 and 27 that line 21. In a MEST embodiment, for example, if cache line 21
are set are cleared. From another perspective, the observed 25 is in the shared state, and if the access from the external agent
bits associated with instruction group A, if set, remain set i? for sharing (e.g., it is not exclusi\{e), then access (o Caghe
until the execution of instruction group A is ended. line 21 can be granted without rolling back the instruction
To summarize, in one embodiment, when an agent (e.g.. groups associated with the observed bits 24, 25, . . ., N1 that
processor 10) begins to execute a group of instructions, it SIS SEL . . .
allocates an observed bit for that group of instructions to each 30 Inone embodiment, obscrvcd bits lhal‘ are set are not 10r.-
.. . . gotten (e.g., cleared) except in the case of a rollback. commit
cache line in the cache associated with the agent (e.g., cache ; A
A et it presessar 100, 1 £ exelis e (66, sadhe or aboﬁ. In such an cn_1bod1m_ent. a cache line that has at least
p 2. e
. . =0 one of its observed bits set is not replaceable, although the
line 21) has been accessed because of an instruction in an A A e e . Ay )
. . . . . cache line and its set observed bit(s) can be moved to another
i Loty (g (2.5, Dustaisiion group £ el e)fecuted 35 location. This can lead to a situation in which a cache line is
by [BIRSTSEEISTS 10. t.hen the. observed bit for that cache lTne an_d needed, but no cache lines are available (that is, all cache lines
corresponding to instruction group A (¢.g., observed bit 24)is  pave at least one of their respective bits set, so none of the
set. If another cache line (e.g., cache line 22) has also been cache lines can be replaced or moved). In one embodiment, if
accessed because of an instruction in instruction group A, such a situation arises, the group of instructions that needs the
then the observed bit for that cache line and corresponding to 40 cache line, as well as following instruction groups. is rolled
instruction group A (e.g.. observed bit 27) is set. When execu- back and then reissued.
tion of an instruction group is ended, the observed bits asso- To prevent instruction groups from being repeatedly rolled
ciated with that instruction group are cleared, and thus the back, in one embodiment, the number of times each instruc-
observed bits are available for subsequent instruction groups tion group is rolled back is counted and compared to a thresh-
executed by the agent. For example, if instruction group Ais 45 old. In such an embodiment, if the number of times an instruc-
committed, rolled back or aborted, then observed bits 24 and tion group is rolled back exceeds the threshold, then the
27 are cleared. instruction group is rolled back for the last time. If it fails to
In one embodiment, the observed bits are used in the fol- execute to completion in the next attempt. the instruction
lowing manner. Continuing with reference to FIGS. 1 and 2, group is reformed into a new instruction group that is reduced
if an external agent (e.g., another processor 11 or 12 or a 50 in size (e.g.. one or more instructions is removed from the
DMA agent such as peripheral device 13) executes an instruc- instruction group), and the counter for the new instruction
tion that causes access to (or a request for access to) cache line group is set to zero. In the limiting case, the instruction group
21, for example, and any of the observed bits 24, 25, ..., N1 is eventually reduced to a single instruction that will be able
have been set, then the instruction groups associated with the to complete execution.
observed bits that are set are forced to roll back and then ss  FIGS. 3 and 4 are flowcharts 30 and 40 of a method for
reissue. Also, any of the observed bits 24, 25, . . . , N1 managing memory in accordance with one embodiment of
associated with cache line 21 that have been set are cleared. the present invention (the flowchart of FIG. 4 is a continuation
For example, if observed bits 24 and 25 have been set, then of the flowchart of FIG. 3). Although specific steps are dis-
instruction group A (which corresponds to observed bit 24) closed in flowcharts 30 and 40, such steps are exemplary. That
and instruction group B (which corresponds to observed bit 60 is, embodiments of the present invention are well-suited to
25) are rolled back, and observed bits 24 and 25 are cleared. performing various other steps or variations of the steps
The rollback also clears the observed bits associated with recited in flowcharts 30 and 40. It is appreciated that the steps
other cache lines in cache 14 if those observed bits correspond in flowcharts 30 and 40 may be performed in an order differ-
to the groups of instructions that are rolled back. For example, ent than presented, and that not all of the steps in flowcharts
if the instruction groups A and B are rolled back as mentioned 65 30 and 40 may be performed. Some or all of the processes and
above, then observed bits 27 and 28 are also cleared if those steps of flowcharts 30 and 40 can be realized, in one embodi-
observed bits are set. The cache state transition occurs at this ment, as a series of instructions that reside in hardware or
IPR2025-00218 Exhibit 2003
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point, before the instruction groups A and B are reissued and
are able to again cause cache line 21 (and perhaps cache line
22) to be accessed.

In general. if an external agent 11-13 accesses. or requests
access to, a cache line in cache 14, and an observed bit
associated with that cache line has been set, then all the
observed bits that have been set for that cache line are cleared,
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software (e.g., in main memory 18 of FIG. 1) and are executed
by one or more of the agents 10-13 in a computer system 5
(FIG. 1).

In step 31 of FIG. 3, a first group of instructions (e.g.,
instruction group A) is executed (e.g., by processor 10 of FIG.
1). In one embodiment, the first group of instructions includes
multiple memory operations (e.g., reads, writes, loads. stores,
lock acquisition, etc.). At least one of the instructions in the
first group of'instructions, when executed, causes a cache line

(e.g.. cache line 21 of FIG. 2) in a cache associated with 10 times that the first group of instructions has been rolled back
processor 10 (e.g., cache 14) to be accessed (e.g., read, writ- is counted. If the number of times the first group of instruc-
ten, etc.). tions has been rolled back exceeds a threshold, then one or
In step 32 of FIG. 3, and continuing with reference to FIG. more instructions are eliminated from the first instruction
2, that instruction is executed, causing cache line 21 to be group. Specifically, in one embodiment, the first group of
accessed. 15 instructions is reissued, and if the next execution attempt
In step 33 of FIG. 3, with reference also to FIG. 2, an results in another rollback, then the first instruction group is
indicator associated with the first group of instructions is reduced by one or more instructions.
changed, in order to indicate that cache line 21 has been FIG. 5 is a flowchart 50 of a method for replacing a cache
accessed because of the first group of instructions. In one line in accordance with one embodiment of the present inven-
embodiment, the indicator is also associated with cache line 20 tion. Although specific steps are disclosed in flowchart 50,
21. Inone embodiment, a bit (e.g., observed bit 24) associated such steps are exemplary. That is, embodiments of the present
with cache line 21 and the first group of instructions is set. In invention are well-suited to performing various other steps or
one embodiment, cache line 21 is indicated as having been variations of the steps recited in flowchart 50. It is appreciated
accessed (that is, for example, the observed bit remains set) that the steps in flowchart 50 may be performed in an order
until execution of the first group of instructions is ended (e.g., 25 different than presented, and that not all of the steps in flow-
because of a roll back, commit or abort). chart 50 may be performed. Some or all of the processes and
In step 34 of FIG. 3, with reference also to FI1G. 1, a second steps of flowchart 50 can be realized, in one embodiment. as
group of instructions is executed by an agent external to a series of instructions that reside in hardware or software
processor 10 (e.g., processor 11 or 12 ora DMA agent such as (e.g., in main memory 18 of FIG. 1) and are executed by one
peripheral device 13). At least one of the instructions in the 30 ormore of the agents 10-13 in a computer system 5 (FIG. 1).
second group of instructions, when executed, causes (or will In step 51 of FIG. 5, a number of instruction groups are
cause) the cache line of interest (e.g., cache line 21 of FIG. 2) executed in parallel using processor 10 (FIG. 1), for example.
to be accessed. In step 52 of F1G. 5, with reference also to FIGS. 1 and 2,
Instep 350f FIG. 3, access to the cache line of interest (e.g., each cache line in the cache associated with processor 10
cache line 21 of FIG. 2) is sought because of the second group 35 (e.g., cache 14) that is accessed because of the groups of
of instructions. As will be seen, the first group of instructions instructions being executed in step 51 is indicated as being
is then handled depending on whether or not cache line 21 has accessed. For example, as previously described herein, an
been accessed because of the first group of instructions and is observed bit can be set for each cache line accessed because
identified as having been accessed (e.g., by an observed bit). of the groups of instructions of step 51.
That is, it is possible that cache line 21 is accessed because of 40 In step 53 of FIG. 5. one of the instructions in one of the
the second group of instructions before it is accessed because instruction groups attempts to replace a cache line.
of the first group of instructions. Instep 54, in one embodiment, if'all of the cache lines in the
In step 41 of FIG. 4, with reference also to FIG. 2, a cache of interest (e.g., cache 14) are indicated as having been
determination is made with regard to whether or not the cache accessed (e.g., at least one observed bit is set for each of the
line of interest (e.g., cache line 21) has been accessed because 45 cache lines in cache 14, then the instruction group that has the
of the first group of instructions. In one embodiment, if the instruction that attempted the cache line replacement (the
observed bit (e.g., observed bit 24) associated with cache line instruction group of step 53) is rolled back.
21 and the first instruction group is set, then flowchart 40 In summary, methods and systems that can maintain
proceeds to step 43, and otherwise flowchart 44 proceeds to sequential consistency for lumped (in-order or out-of-order)
step 44. In another embodiment, if the observed bit (e.g.., 50 architectures are described. Significantly, embodiments in
observed bit 24) associated with cache line 21 and the first accordance with the present invention permit sequentially
instruction group is set, then flowchart 40 proceeds to step 42. consistent, lumped architectures in which multiple memory
In step 42 of FIG. 4, and with reference to FIG. 2, a operations can be included in instruction groups.
determination is made with regard to whether or not cache Embodiments in accordance with the present invention can
line 21 is in the shared state (e.g.. according to the MESI 55 incorporate variations to the features described above. For
protocol). If cache line 21 is in the shared state, then flowchart systems with large speculation ability (e.g., potentially 20 or
40 proceeds to step 44, and otherwise flowchart 40 proceeds more active instruction groups), the cost (e.g., the storage
to step 43. cost) of the associated number of observed bits can be
In step 43 of FIG. 4, with reference also to FIG. 2, the first reduced in various ways. For example, a protocol can be
group of instructions is atomically rolled back, and the 60 established in which any external snoop causes all active
observed bits 24, 25, . . ., N1 associated with cache line 21 are instruction groups to roll back and reissue after the cache line
cleared. Other observed bits, associated with other cache state transition. In effect, such a protocol acts as if there is a
lines in cache 14 and corresponding to the first group of single observed bit that is always set, except during the period
instructions, are also cleared if they are set. For example, if of inactivity after rollback, and so no additional storage is
observed bit 27 (which also corresponds to the first group of 65 needed for the observed bit. Alternatively, instead of an
instructions) is set, then it is also cleared by the rollback of the observed bit per cache line per instruction group, there can be
first group of instructions. Also, other groups of instructions an observed bit per instruction group.
IPR2025-00218 Exhibit 2003 Page 74 of 257
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associated with any of the observed bits of cache 14 that are
cleared are also rolled back. For example, if observed bit 25 is
set, then it is cleared and the instruction group associated with
observed bit 25 (e.g., instruction group B) is rolled back.
which in turn results in observed bit 28 (which also corre-
sponds to instruction group B) of cache line 22 being cleared.

In step 44 of FIG. 4, access to cache line 21 (FIG. 2) is
granted.

In step 45 of FIG. 4, in one embodiment, the number of
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Furthermore, new hardware structures can be added to
track which cache lines have been accessed, without the stor-
age of data. These hardware structures can be direct-mapped,
set-associative, or fully-associative and of varying capacity.

Also, instead of having an observed bit per cache line per
instruction group, a smaller memory structure (e.g., another
cache, or a memory structure within main memory) that cov-
ers the whole cache address space and that has an observed bit
per entry and per instruction group can be used. Each entry
covers some portion of the cache address space, in such a way
that every cache line address maps uniquely to an entry, but an
entry maps to many cache lines. For example, some subset of
the address bits of a cache line can be used to identify an entry.
The subset of the address bits are the address summary. When

: g y 15 4. The method of claim 3 further comprising eliminating
accessing a cache line, the entry corresponding to the address o ne or more instructions from said first group of instructions
summary for the cache line is used to set the observed bits.  jf said first count exceeds a threshold and eliminating one or
Similarly, on a snoop request, the address is “summarized.” more instructions from said second group of instructions if
and the entry corresponding to the summary is examined for said second count exceeds said threshold.
the presence of observed bits. The observed bits are cleared 5, 5. The method of claim 1 further comprising clearing said
when an instruction group is committed, rolled back, or first bit when said execution of said first group of instructions
aborted. To illustrate, consider a cache complex where each is ended, wherein said second bit remains set until execution
cache holds 32 bytes, so that, for example, the bottom five bits of said second group of instructions is ended.

(bits 4-0) of an address indicate bytes within the same cache 6. The method of claim 1 further comprising:
line. Furthermore, consider a 32-entry observed bit structure, »5  executing a plurality of groups of instructions in parallel;
where bits 9-5 of the cache line address are used to select an changing an indicator associated with each cache line in
entry, and this entry holds the observed bits. Then, any two said cache that has been accessed because of an instruc-
addresses that have the same bits 9-5 will use the same entry tion in any of said plurality of groups of instructions: and
in the summary structure: that is, they collide. This can mean provided all cache lines in said cache memory are indicated
that when a snoop comes, an instruction group that did not 3, as having been accessed, rolling back a group of instruc-
really conflict may be rolled back, because there is a conflict/ tions that includes an instruction that when executed
collision in the summary structure even though there would attempts to replace information in a cache line of said
not have been a conflict/collision in the cache. Thus, there is cache memory. and otherwise continuing said executing
a tradeoff between the size of the summary structure and the of said plurality of groups of instructions.
overhead incurred by the “spurious” rollbacks due to colli- 35 7. A computer system comprising:
sions. a processor;
Embodiments in accordance with the present invention are a cache memory for use by said processor; and
thus described. While the present invention has been a memory unit coupled to said processor and having stored
described in particular embodiments, it should be appreciated therein instructions. said instructions comprising:
that the present invention should not be construed as limited 4, instructions to execute a first group of instructions using
by such embodiments, but rather construed according to the said processor, wherein said first group of instructions
below claims. includes an instruction that causes a cache line of said
cache memory to be read:
What is claimed is: instructions to set a first bit of an indicator associated
1. A method of managing memory in a computer system, 45 with said cache line to indicate that said cache line has
said method comprising: been read;
setting a first bit of an indicator associated with a cache line instructions to execute a second group of instructions
in a cache memory if said cache line has been accessed using said processor. wherein said second group of
in response to a processor executing an instruction in a instructions includes an instruction that causes said
first group of instructions; 50 cache line to be read:
setting a second bit of said indicator while said first bit instructions to set a second bit of said indicator while
remains set if said cache line has also been accessed in said first bit remains set to indicate said cache line has
response to said processor executing an instruction in a been accessed by both said first group of instructions
second group of instructions; and said second group of instructions:
executing a third group of instructions that causes said 55 instructions to execute a third group of instructions that
cache line to be accessed, wherein said third group of causes said cache line to be accessed. wherein said
instructions is executed by an agent other than said pro- third group of instructions is for execution by an agent
cessor, wherein said processing comprises rolling back other than said processor, wherein said instructions
said first group of instructions provided said first bit is further comprise instructions to roll back said first
set and rolling back said second group of instructions 60 group of instructions provided said first bit is set and
provided said second bit is set before allowing an to roll back said second group of instructions pro-
instruction in said third group to access said cache line, vided said second bit is set before allowing an instruc-
and otherwise granting said access; and tion in said third group to access said cache line,
processing said first group and said second group of wherein otherwise said access is granted: and
instructions according to a value of said indicator. 65 instructions to process said first group and said second
2. The method of claim 1 wherein said processing further group of instructions according to a value of said
comprises: indicator.
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determining a state of said cache line, wherein said state is
specified according to a cache coherency protocol com-
prising at least a modified state, a shared state, and an
invalid state; and
rolling back said first group of instructions provided said
first bit is set and rolling back said second group of
instructions provided said second bit is set, and then
granting said access provided said cache line is in other
than said shared state, and otherwise granting said
access only when said cache line is in said shared state.
3. The method of claim 1 further comprising maintaining a
first count of how many times said first group of instructions
has been rolled back and a second count of how many times
said second group of instructions has been rolled back.
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8. The computer system of claim 7 wherein said instruc-
tions further comprise:

instructions to determine a state of said cache line, wherein

said state is specified according to a cache coherency
protocol comprising at least a modified state, a shared
state, and an invalid state; and

instructions to roll back said first group of instructions

provided said first bit is set and to roll back said second
group of instructions provided said second bit is set,
wherein said access is granted provided said cache line is
in other than said shared state, and wherein otherwise
said access is granted only when said cache line is in said
shared state.

9. The computer system of claim 8 wherein said instruc-
tions further comprise instructions to maintain a first count of
how many times said first group of instructions has been
rolled back and a second count of how many times said
second group of instructions has been rolled back.

10. The computer system of claim 9 wherein said instruc-
tions further comprise instructions to eliminate one or more
instructions from said first group of instructions if said first
count exceeds a threshold and to eliminate one or more
instructions from said second group of instructions if said
second count exceeds said threshold.

11. The computer system of claim 7 wherein said instruc-
tions further comprise instructions to clear said first bit when
said execution of said first group of instructions is ended,
wherein said second bit remains set until execution of said
second group of instructions is ended.

12. The computer system of claim 7 wherein said instruc-
tions further comprise:

instructions to execute a plurality of groups of instructions

in parallel using said processor;

instructions to change an indicator associated with each

cache line in said cache memory that has been accessed
because of an instruction in any of said plurality of
groups of instructions: and

instructions to roll back a group of instructions that

includes an instruction that when executed attempts to
replace information in a cache line of said cache
memory provided all cache lines in said cache memory
are indicated as having been accessed, wherein other-
wise said plurality of groups of instructions continue to
be executed.

13. A method of managing shared memory in a computer
system, said method comprising:

executing a first group of instructions with a processor;

associating a first state with a cache line in a cache com-

prising a plurality of cache lines. wherein said first state
is specified according to a cache coherency protocol
comprising at least a modified state, a shared state, and
an invalid state;

associating a second state with said cache line during said

executing of'said first group of instructions, wherein said

second state indicates that said cache line has been °

accessed because of said first group of instructions;
executing a second group of instructions with said proces-
sor;
associating a third state with said cache line during said
executing of said second group of instructions, wherein
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said third state indicates that said cache line has been
accessed because of said second group of instructions;

executing a third group of instructions that causes said
cache line to be accessed; and

rolling back said first group of instructions and said second

group of instructions before granting said access.

14. The method of claim 13 wherein said first group of
instructions includes multiple memory operations and said
second group of instructions includes multiple memory
operations.

15. The method of claim 13 wherein said rolling back is
only performed provided said cache line is in other than said
shared state.

16. The method of claim 13 further comprising maintain-
ing a first count of how many times said first group of instruc-
tions is rolled back and a second count of how many times
said second group of instructions is rolled back.

17. The method of claim 16 further comprising eliminating
one or more instructions from said first group of instructions
if said first count exceeds a threshold and eliminating one or
more instructions from said second group of instructions if
said second count exceeds said threshold.

18. The method of claim 13 wherein said second state is
indicated by setting a first bit associated with said cache line,
wherein said first bit is cleared when said execution of said
first group of instructions is ended, and wherein said third
state is indicated by setting a second bit associated with said
cache line, wherein said second bit is cleared when said
execution of said second group of instructions is ended.

19. A computer system comprising:

a processor;

a cache memory coupled to said processor and having a

plurality of cache lines; and

a memory unit coupled to said processor, wherein said

memory unit has a plurality of indicator bits per cache
line, wherein a first indicator bit associated with a cache
line of said cache memory is set to indicate that said
cache line has been accessed responsive to said proces-
sor executing a first group of instructions and wherein
said first indicator bit is cleared when execution of said
first group of instructions is ended, wherein a second
indicator bit associated with said cache line is set to
indicate that said cache line has been accessed respon-
sive to said processor executing a second group of
instructions in parallel with said first group and wherein
said second indicator bit is cleared when execution of
said second group of instructions is ended;

wherein further, in response to an agent other than said

processor executing a third group of instructions that
causes said cache line to be accessed, said first group of
instructions is rolled back provided said first bit is set
and said second group of instructions is rolled back
provided said second bit is set before allowing an
instruction in said third group to access said cache line,
wherein otherwise said access is granted.

20. The computer system of claim 19 wherein a subset of
address bits of said cache line is used to identify an entry in
said memory unit, wherein an indicator bit of said entry is set
in response to said cache line being accessed.

* ok ok kK
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COMMUNICATING ON A SHARED
CHANNEL IN A WIRELESS NETWORK

CROSS REFERENCE TO RELATED
APPLICATION(S)

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/212,867, filed Aug. 18. 2011, which is a
continuation of U.S. patent application Ser. No. 11/863,205,
filed Sep. 27, 2007, which issued as U.S. Pat. No. 8,027,291
on Sep. 27, 2011, which are incorporated by reference as if
fully set forth.

FIELD OF THE INVENTION

The field of the invention relates, in general, to a method
and apparatus for transmitting transport channels over a
physical channel of a cellular communication system. In
particular, but not exclusively, the field of the invention
relates to allocating channel resources within a physical
channel of a cellular communication system.

BACKGROUND OF THE INVENTION

Known cellular communication systems, such as a Uni- 2

versal Mobile Telecommunications System (UMTS) Radio
Access Network (UTRAN), standardised by the 3™ Genera-
tion Partnership Project (3GPP), typically consist of a set of
radio network controllers (RNCs), Node B, also known as
Node-Bs, and mobile stations (MSs), also known as User
Equipment (UEs). FIG. 1 illustrates an example of a known
network topology for part of such a cellular communication
system 100.

The RNCs 105 provide a connection with, for example, a

Media Gateway (not shown), which acts as a translation unit 3s

between, in this case, the UMTS network and, for example,
a Public Switched Telephone Network (PSTN). The RNC
105 also performs some of the higher layer processing for
the UMTS network, performing functions, such as, setting
up and managing radio bearers, radio resource management,
supporting mobility, controlling initial access of UEs to the
communication system, radio link control (RLC), etc.

The Node Bs 110 typically perform lower layer process-
ing for the network, performing such functions as Medium
Access Control (MAC), formatting blocks of data for trans-
mission and physically transmitting transport blocks to UEs.

As can be seen in FIG. 1, Node Bs 110 are connected to
an RNC 105 via an interface (Iub) 115. This interface
between a Node B 110 and an RNC 105 may be a leased line,
for example provided by a fixed line telecommunications
provider, a microwave link, an Ethernet cable or some other
form of communication link. The Node Bs are connected
wirelessly to the UEs 120.

In order to conserve battery life, when a UE 120 is not

involved in active connections, it is known for the UE 120 s

to go into an idle state, whereby the UE powers down its
radio frequency circuitry (RF). When a UE 120 is in the idle
state, it is important to allow the Node B to initiate a
connection to the UE 120, for example when there is an
in-coming call for the UE 120.

In order to achieve this, it is known for a UE 120 to
periodically power up its radio circuitry in order to monitor
specific channels in order to determine whether it is required
to establish a connection with the network. UMTS provides
two services with which a Node B is able to indicate to a
specific UE 120 that it is required to establish a connection
with the network. One is termed a Paging CHannel (PCH)
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and the other is termed a Forward Access CHannel (FACH).
Details of these and other services are provided in 3GPP TS
25 221 (Universal Mobile Telecommunications System
(UMTS); Physical channels and mapping of transport chan-
nels onto physical channels (TDD)) and other documents
referenced therein.

The PCH is a downlink transport channel that is used to
carry control information to a UE when the network does not
know the specific location of the UE, i.e. the specific Node
B to which the UE is attached.

In the known art, the PCH comprises two blocks: the
Paging Indicator CHannel (PICH) and the PCH itself. The
PICH comprises multiple indicator bits. Each UE is associ-
ated with one of the indicator bits within the PICH. Accord-
ingly, when the UE is paged by the network using the PCH,
the network sets the relevant indicator bit in the PICH. When
in the idle state, the UE periodically decodes the PICH to see
if the indicator bit with which it is associated has been set.
If the relevant indicator has been set, the UE then reads the
PCH.

Fach UE has a unique identifier (UE-ID). When the
network pages a UE, as previously mentioned, the network
sets the relevant indicator within the PICH for that UE, and
transmits the UE-ID for the UE being paged, and the
relevant message within the PCH. In this manner, since more
than one UE may be associated with an indicator bit in the
PICH, the UE-ID enables a UE to determine whether the
message is intended for that UE or not. If the PCH contains
the UE-ID for the UE, the UE then reads the message, and
performs the required actions. Thus, in the known art. the
indicator bits are used in a paging channel to inform the UE
whether it needs to turn its radio on for reading the PCH (i.e.
as a battery saving mode).

The UMTS standard dictates that the PCH (and PICH) are
always transmitted at a reference power level.

In a wireless communications system, the communication
medium is divided into units of resource. A unit of resource
can be a single code (e.g. UMTS FDD), a plurality of codes,

a set of codes and timeslots (e.g. UMTS TDD), a set of

0 timeslots (e.g. a TDD system) or a set of tones, tones and

symbols or tones, symbols and timeslots (e.g. an OFDM
system).

The FACH is a downlink transport channel that is used to
carry control information to a UE when the system knows
the location cell of the UE, e.g. the specific Node B to which
the UE is attached. The FACH allows short messages to be
sent from the Node B to the UE. These short messages are
typically control type messages that are used. for example.
to allocate physical resources to the UE. set up dedicated

v physical channels, etc.

The FACH is transmitted on a set of physical resources
that are pre-defined and broadcast by the Node B on a
Broadcast CHannel (BCH). The FACH is controlled by the
RNC. which defines the codes and timeslots that are
reserved for FACH transmissions. The RNC also reserves an
amount of power headroom for the transmission of the
FACH. When the FACH is transmitted, the RNC defines the
power with which the FACH must be transmitted by the
Node B. Power headroom is the amount of power that the
RNC reserves for allocation of FACH resources. The power
that is not reserved for ‘power headroom’ is allocated to the
Node B to do with as it sees fit (for example scheduling
HS-DSCH resource into). Thus, when the RNC allocates
power headroom, it informs the Node B that the Node B
cannot allocate that power headroom, as the power head-

resource into.
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Unlike the PCH (and PICH), the FACH is not required to
always be transmitted, and typically is only used when a
message is required to be sent to a UE.

FIG. 2 illustrates a high level signal flow example 200 of
an implementation for FACH transmissions. An RNC sends
a ‘NODE B SETUP’ message to a Node B, instructing the
Node B to reserve a certain set of codes and timeslots for
FACH transmissions. This message may also reserve power
headroom for use by the RNC. In UMTS, the ‘NODE B
SETUP’ message for configuring the FACH transport chan-
nel is the ‘COMMON TRANSPORT CHANNEL SETUP?
message, sent to the Node B over the Iub interface 115.

The Node B 110 then periodically transmits a ‘SYSTEM
INFORMATION’ message 210 on the Broadcast CHannel
(BCH). This SYSTEM INFORMATION message 210
informs UEs of the physical resources used for FACH
transmissions, such as the codes and timeslots in a Code
Division Multiple Access (CDMA) system or the sub-
carriers and timeslots in an Orthogonal Frequency-Division
Multiplexing (OFDM) system. The SYSTEM INFORMA-
TION message 210 typically also contains other broadcast
information relevant to that cell, such as the network identity
etc.

A UE 120 is able to receive the SYSTEM INFORMA-
TION message 210, and configure its FACH decoding
function based on the information contained within the
SYSTEM INFORMATION message 210.

When the RNC 105 needs to send a message to a UE 120
using the FACH, the RNC sends a ‘SEND FACH’ message
215 to the Node B. In UMTS, the ‘SEND FACH’ message
is carried using FACH frame protocol (FACH FP) messages
over the Iub interface 115. The SEND FACH message 215
defines the specific code and timeslot to be used for the
FACH transmission 220 from the Node B 110 to the UE 120,
as well as the power level to be applied to the FACH
transmission, the message contents and the identity of the
UE (the UE-ID) that are to be included in the FACH
transmission. The Node B 110 subsequently transmits the
FACH message 220 to the UE 120, as defined by the RNC
105 in the SEND FACH message 215.

The UE 120 decodes the FACH 220 every frame, accord-
ing to the definition of the FACH provided within the
SYSTEM INFORMATION message 210. If the UE-ID in
the FACH message 220 matches the identity that has been
assigned to the UE 120, the UE 120 acts on the message
contents in the FACH 220.

FIG. 3 illustrates an example of a known assignment of
physical resources 300 for a single Time Division Duplex
(TDD) system, and shows that one timeslot per frame is
assigned for FACH usage. As previously mentioned, the
physical resources 300 for the FACH are pre-assigned by the
RNC 105, in the NODE B SETUP message 205, and cannot
be reused by other channels. Even when the FACH is lightly
used, for example when most UEs are in a connected state,
receiving data traflic on a traflic channel, indicated as a High
Speed Downlink Shared Channel (HS-DSCH) 305 in FIG. 3,
the FACH timeslot 310 is still required to be reserved.

As will be appreciated by a skilled artisan, the fact that the
FACH timeslot 310 is required to be reserved, particularly
during light use of the FACH, is an inefficient use of physical
resources. Consequently, the inventor of the present inven-
tion has recognised and appreciated that it is desirable for the
timeslot 310 assigned to the FACH to be able to be used for
other purposes when it is not required for the transmission
of FACH messages. For the example illustrated in FIG. 3,
the traffic channel resources, namely the HS-DSCH
resources 305, comprise seven timeslots. If the timeslot 310
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reserved for FACH transmissions could be utilised for a
traffic channel during periods when no FACH transmissions
were required to be sent, the traflic channel resources could
be increased from seven timeslots to eight timeslots. This
would increase the traffic channel resources by fourteen
percent (14%) during those periods.

A known solution for the reuse of the FACH timeslot is
for the traffic channel resources, which for the example
illustrated in FIG. 3 is in the form of the HS-DSCH 305, to
be used for the transmission of FACH messages. In this case.
the information that would have been transmitted on the
FACH transport channel is instead transmitted on the HS-
DSCH transport channel. In this solution the Node B 110, as
opposed to the RNC 105, controls the FACH, and the FACH
timeslot of FIG. 3 becomes an HS-DSCH timeslot. In this
manner, in the example of FIG. 3, the HS-DSCH 305 always
comprises eight timeslots, as opposed to seven.

The HS-DSCH 305 is a shared channel that is controlled
by the Node B 110. The content of the HS-DSCH 305 is
allocated via Shared Control CHannels for the HS-DSCH
(HS-SCCH) 315. which is a downlink physical channel that
carries higher layer control information for the HS-DSCH.

The HS-SCCH 315 contains a UE-ID relating to the UE
120 for which content within the HS-DSCH 305 is intended.
The UE-ID ensures that only that UE 120 for which the
content of the HS-DSCH 305 is intended decodes the
HS-SCCH 315 successfully. The HS-SCCH 315 also
instructs the UE of those codes and timeslots that are
allocated to it for the HS-DSCH 305 transmission allocated
to it, and the coding and modulation of the HS-DSCH 305,
e.g. code rate and modulation order, such as quadrature
phase shift keying (QPSK), 16-QAM (Quadrature Ampli-
tude Modulation), etc. Having decoded the HS-SCCH 315,
the UE 120 is able to decode relevant timeslot(s) of the
HS-DSCH 305 using the information contained within the
HS-SCCH 315, and retrieve the relevant content.

When the HS-DSCH 305 is used to transmit the FACH,
the codes and timeslots that are used for the HS-SCCH 315,
as well as a FACH-ID are broadcast by the Node B. for
example within the SYSTEM INFORMATION message
210 illustrated in FIG. 2. UEs that are required to monitor
the FACH subsequently attempt to decode the HS-SCCH
315 using the FACH-ID. If a UE 120 is successful in
decoding the HS-SCCH 315 using the FACH-ID, a FACH
message is present within the HS-DSCH 315.

Having decoded the HS-SCCH 315 using the FACH-ID,
the UE 120 then decodes the relevant part of the HS-DSCH
305 as allocated by the HS-SCCH 315, and using the
information provided within the HS-SCCH 315.

The UE-ID of the relevant UE 120 is included with the
HS-DSCH 305. If this matches the UE-ID of the UE 120
decoding the HS-DSCH 305, the UE 120 acts on the FACH
message contents in the HS-DSCH 305.

When a FACH message is to be sent to a UE 120, the RNC
105 requests the Node B 110 to send a FACH to a UE 120
with a certain message. The Node B 110 then schedules the
transmission of the FACH message in the HS-DSCH 305,
along with any traffic data that is to be sent in the HS-DSCH
305. The Node B 110 chooses the codes and timeslots that
are to be used for the HS-DSCH 305 carrying the FACH
message. as well as the coding and modulation to be applied
to the HS-DSCH 305. The Node B then ftransmits an
HS-SCCH 315 that allocates the codes and timeslots on the
HS-DSCH 305 for the FACH message, along with the
coding and modulation used, and encodes the HS-SCCH
315 using the FACH-ID.
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When there are no requests from the RNC 105 for the
Node B 110 to transmit a FACH message, the Node B is able
to use all of the HS-DSCH 305 resource for traffic data. In
this manner, physical resources are used more efficiently,

and in particular physical resources are not permanently 5  According to an optional feature of the invention, the
assigned for transmitting FACH messages, in particular signal processing logic may be arranged to generate direct
when no, or few, FACH messages are required to be trans- signalling channel resource information comprising a
mitted. description of the physical resources and transport formats
However, a problem with this known technique for reus-  applied to the direct signalling channel(s). Thus, embodi-
ing the FACH timeslot is that it requires the use of the 10 ments of the invention may allow the physical resources of
HS-SCCH 315 and the HS-DSCH 305 channels for trans- the direct signalling channel to be transmitted relatively
mitting FACH messages, as opposed to just a FACH chan- infrequently to all UEs. Thus, in this manner, a reduction in
nel, and as such carries a penalty in terms of power con- the signalling load is provided, as compared to the classic
sumption. case where the physical resources for the direct signalling
FACH messages may be transmitted to a UE 120 when the 15 channel are sent whenever the direct signalling channel is
UE is in an idle state (or alternatively in a connected state). allocated.
Accordingly, the Node B 110 is unaware of the state of the According to an optional feature of the invention, the
transmission path between itself and the UE 120. As a result, signal processing logic may be arranged, upon receipt of a
normal power control is ineffective since the Node B 110 has message to be transmitted, to set the at least one direct
no information with which to make an informed decision on 20 signalling channel indicator bit in a first frame, and to
the appropriate power level to use. Consequently, the power transmit the message in a second frame. For example, the
requirements must initially depend on the number of bits to ~ second frame may be a next consecutive frame to the first
be transmitted, and the coding rate, without explicit knowl- frame. Thus, embodiments of the invention may allow the
edge of the path loss between the UE and Node B. UE to have a longer time to process the indicator bit, thereby
A number of bits transmitted on the HS-SCCH 315 is 25 allowing the UE complexity to be reduced and/or to allow
comparable to a number of bits that are transmitted on a the UE to turn its receiver off' in the time during which the
traditional FACH, in the order of 60 bits (57 bits for a 3.84 direct signalling channel is transmitted.
Mcps TDD HS-SCCH). The exact number of bits to be According to an optional feature of the invention, the
transmitted on the FACH depends on the particular imple- signal processing logic may allocate a plurality of direct
mentation. The power requirements for HS-SCCH 315 and 30 signalling channels to at least one unit of resource. Thus,
FACH at the start of a connection are therefore substantially ~ embodiments of the invention may allow the system to
the same, due to the similar number of bits to be carried on ~ operate with a reduced number of direct signalling channel
each channel, for example approximately 33% of the Node indicator bits. The bits that are freed up on the indicator
B transmit power. channel may then be used for other indication purposes (e.g.
A problem with this known technique for reusing the 35 paging or E-DCH ACK/NACK signalling).
FACH timeslot is that both the HS-SSCH 315 and the According to an optional feature of the invention, the
HS-DSCH 305 must be used in order to transmit a FACH signal processing logic may generate a single direct signal-
message, each requiring approximately 33% of the Node B ling channel indicator bit for transmission, or a plurality of
transmit power, albeit in different timeslots. This is in direct signalling channel indicator bits, one for each direct
contrast to the traditional method of transmitting FACH 40 signalling channel, or a number of indicator bits for trans-
messages, where using the dedicated FACH timeslot only mission, where each indicator bit corresponds to a plurality
required the one timeslot. Thus, the known technique for of direct signalling channels. Thus, embodiments of the
reusing the FACH timeslot requires an additional timeslot at invention may allow for finer granularity control of the
33% of the Node B transmit power. allocated direct signalling channel, for example the network
Askilled artisan will appreciate that, although the reuse of 45 may allocate some of the resource as direct signalling
the FACH timeslot by mapping the FACH onto HS-DSCH channel instead of either allocating all or none of the
resources provides a considerable improvement in the use of ~ resource. This allows for more targeted allocation of
the physical resources. this increase in the power require- resource to direct signalling channels and traflic channels
ments is undesirable. (e.g. HS-DSCH).
50 According to an optional feature of the invention, the
SUMMARY OF THE INVENTION signal processing logic may be arranged to allocate a plu-
rality of direct signalling channels to a plurality of units of
Accordingly. the invention seeks to mitigate, alleviate or resource. Thus, embodiments of the invention may allow a
eliminate one or more of the abovementioned disadvantages, single indicator bit to control more than one direct signalling
singly or in any combination. 55 channel, thus either allowing more direct signalling channels
According to a first aspect of the invention, there is (when the number of indicator bits that can be sent are
provided a cellular communication network node compris- constrained) or reduced usage of the indicator bits.
ing a transmitter operably coupled to signal processing logic According to an optional feature of the invention, the
and arranged to transmit at least one direct signalling signal processing logic, upon receipt of at least one message
channel indicator bit generated by the signal processing 60 to be transmitted, may be arranged to re-allocate at least one
logic. The signal processing logic is arranged, upon receipt unit of resource not required for transmitting the one or more
of a message to be transmitted, to set at least one direct message. for use by at least one channel other than the direct
signalling channel indicator bit to indicate that a direct signalling channel. Thus, embodiments of the invention may
signalling channel is active in at least one unit of resource. allow better usage of the resource, for example some of the
The signal processing logic is further arranged to reallocate 65 resource may be assigned to the direct signalling channel
the at least one unit of resource for use by at least one other and some of the resource may be reassigned to the other
channel when no message is required to be transmitted. channel when it is not needed for the direct signalling
IPR2025-00218 Exhibit 2003 Page 90 of 257
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dynamically switched between different channel types.
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channel. Furthermore, the usage of the resource may be
more tailored to the traflic profile, if the direct signalling
channel is not greatly required, but there is a lot of traffic on
the traflic channel.

8

from a network element to a wireless communication unit.
The computer program product comprising program code
for setting, upon receipt of a message to be transmitted. at
least one direct signalling channel indicator bit. The program

According to an optional feature of the invention, the at 5 ¢ode further comprises code for transmitting a message in at
least one diregt signalling channel may be a l_i‘or'\yardAccess least one unit of resource allocated for use as a direct
(.‘_han.ne](s‘) (FACH) W_““h‘"‘ a Umvers.al Mobile Telecommu- o alfing channel, and re-allocating the at least one unit of
nications System (UMTS) network. For example, the atleast o5y e allocated to the direct signalling channel for use by
one direct sxg,nal]mg chamu‘el unit of TeSOHICE - Tlay; be at least one other channel when no message is required to be
re-aliocated :for-use by a High-Speed Downlinke:Shared:16 transmitted. Thus, embodiments of the invention may allow
CHannel (HS-DSCH). Thus, embodiments of the invention I 2 Y

v AEE S L the system to run on general purpose hardware, thus reduc-
may allow direct applicability to an application. In this case, : i
for example, under-utilised FACH resource may be trans- g Cost ; v P :
ferred to HS-DSCH resource, thus increasing the potential ; In acc.tordzmce v.vxth a fourth aspeet o fthe myeniion Core
throughput of HS-DSCH. 15 18 p.rowdcd a w1.rcless communication unit arranged to

According to an optional feature of the invention, the ~ receive a signalling message allocating a first set of
signal processing logic may generate the at least one direct resources in a wireless communication system from a cel-
signalling channel indicator bit within a Broadcast CHannel lular communication network node. The wireless commu-
(BCH) for broadcast. For example, the signal processing nication unit further comprises logic for receiving a at least
logic may locate the at least one direct signalling channel 20 one direct signalling channel indicator bit on a communi-
indicator bit within a Transport Format Combination Indi- cation channel, the at least one direct signalling channel
cator (TFCI) type field within the BCH. Furthermore, indicator bit allocating a direct signalling channel. The
according to an optional feature of the invention, the signal wireless communication unit further comprises logic for
processing logic may generate the direct signalling channel modifying the wireless communication unit’s first set of
indicator bit(s) as part of a data portion of the BCH for 25 resources in response to a status of the at least one direct
broadcast. Thus, embodiments of the invention may allow signalling channel indicator bit.
transmission directly on the broadcast channel, thereby In the existing 3GPP system, for example, whenever any
removing a need for a separate indicator channel. Alterna- resource is applied to FACH, resources in the FACH slot and
tively, when an indicator channel naturally exists (e.g. PICH HS-DSCH resources cannot easily be allocated to the same
or E-HICH), the paging or E-DCH acknowledgement capac- 30 UE, since the amount of resource in the FACH slot and
ity of those indicator channels is not reduced, as direct HS-DSCH slot differ and existing signalling restrictions
signalling channel indicator bits do not replace indicator bits ~ mean that the same amount of physical resource has to be
that might be required for the other functions, such as PICH allocated in each timeslot. Thus, embodiments of the inven-
or E-HICH. tion address this limitation and may allow the system to

According to an optional feature of the invention, the 35 allocate more resource to a UE.
signal processing logic may generate the at least one direct In this manner, in contrast to normal 3GPP operation
signalling channel indicator bit within a dedicated direct where the same number of codes has to be allocated to a
signalling channel indicator channel or within a dedicated ~ wireless communication unit in all of the timeslots that it is
paging indicator channel or within a E-DCH Hybrid ARQ  allocated due to signalling restrictions, the wireless commu-
Indicator CHannel (E-HICH) of a Universal Mobile Tele- 40 nication unit is signalled whether FACH is active. Advan-
communications System (UMTS) network. Thus, embodi-  tageously. the wireless communication unit is able to use this
ments of the invention may allow a reduction in usage of the indication to modify, for example, the HS-DSCH resource
broadcast channel. In this manner. an indicator channel may allocation, as the wireless communication unit knows that if
also be more lightly coded (than a broadcast channel), the FACH indicator bit was set then any HS-DSCH
thereby allowing for lower power/lower complexity decod- 45 resources that are common to FACH resources in the FACH
ing of the indicator channel (compared to a case where the timeslot must be allocated to FACH and not to HS-DSCH.
indicator bits are sent on the broadcast channel). In accordance with a fifth aspect of the invention there is

In accordance with a second aspect of the invention there provided a method for resource allocation in a wireless
is provided a method for transmitting transport channels communication system by a wireless communication unit.
over a physical channel of a cellular communication system. 50 The method employed by the wireless communication unit
The method comprises determining whether at least one comprises receiving by a wireless communication unit a
message is to be transmitted. If it is determined that at least signalling message allocating a first set of resources in a
one message is required to be transmitted, scheduling the at wireless communication system via at least one direct sig-
least one message for transmission in at least one unit of  nalling channel indicator bit on a communication channel,
resource allocated to at least one direct signalling channel, 55 the at least one direct signalling channel indicator bit allo-
and setting at least one direct signalling channel indicator bit cating a direct signalling channel; and modifying the wire-
for transmission. If it is determined that no message is to be less communication unit’s first set of resources in response
transmitted, re-allocating at least one unit of resource allo- to a status of the at least one direct signalling channel
cated for use by the at least one direct signalling channel for indicator bit.
use by at least one channel other than the direct signalling 60  These and other aspects, features and advantages of the
channel. Thus, embodiments of the invention may provide a invention will be apparent from, and elucidated with refer-
more flexible usage of resources, for example direct signal- ence to, the embodiments described hereinafter.
ling channel resource that is under-utilised may be re-
assigned to other (e.g. traflic) channels. BRIEF DESCRIPTION OF THE DRAWINGS

In accordance with a third aspect of the invention there is 65
provided a computer program product comprising program FIG. 1 shows an example of a known network topology
code for signalling in a wireless communication system for part of a cellular
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FIG. 2 shows a high level example of a known imple-
mentation for FACH channel transmissions.

FIG. 3 shows an example of a known assignment of

physical resources.

Embodiments of the invention will now be described, by
way of example only, with reference to the accompanying
drawing(s). in which:

FIG. 4 shows part of a cellular communication system in
accordance with embodiments of the invention.

FIG. 5 and FIG. 6 show an example of resource allocation 10 allocated for use by one or more FACH channels. The signal
in accordance with embodiments of the invention. processing logic 440 is still further arranged to reallocate the
FIG. 7 shows an example of resource allocation in accor- one or more timeslots allocated to the one or more FACH
dance with embodiments of the invention. channels, for use by one or more channels other than the one
FIG. 8 shows an example of resource allocation in accor- ~ or more FACH channels, when no FACH messages are
dance with embodiments of the invention. 15 required to be transmitted.
FIG. 9 shows an example of resource allocation in accor- The RNC 420 may, for example by way of a *“NODE B
dance with embodiments of the invention. SETUP’ message (e.g. ‘COMMON TRANSPORT CHAN-
FIG. 10 shows a flowchart of a method for transmitting NEL SETUP” in UMTS). instruct the Node B 410 those
transport channels over a physical channel of a cellular ~ timeslot(s) that is/are to be allocated to the FACH
communication system in accordance with embodiments of 20 channel(s), along with a set of channelisation codes that is
the invention. reserved for the FACH channel(s) (codes used to separate
FIG. 11 shows a flowchart of a method for transmitting the different channels that may be present on a certain
transport channels over a physical channel of a cellular frequency in a Code Division Multiple Access (CDMA)
communication system in accordance with embodiments of system), power headroom reserved for the RNC, etc. In a
the invention. 25 context of a 3GPP system, the generic expressions of
FIG. 12 illustrates a typical computing system that may be ‘NODE B SETUP” and *SEND FACH’ message may be
employed to implement processing functionality in accor- referred to, for example, as “COMMON TRANSPORT
dance with embodiments of the invention. CHANNEL SETUP’ and ‘FACH frame protocol’.
Accordingly, the Node B 410 may comprise a memory
DESCRIPTION OF EMBODIMENTS OF THE 30 element 450, in which the Node B 410 stores the settings
INVENTION provided by the RNC 420.
Alternatively, the Node B 410 may define which
The following embodiments of the invention will be timeslot(s) are to be allocated to the FACH channel. along
described in a context of a Forward Access Channel (FACH) with a set of channelisation codes that are reserved for the
provided as part of a Universal Mobile Telecommunications 35 FACH channel(s), power assigned to Node B FACH trans-
System (UMTS) communication network, as defined in missions etc. The Node B may then inform the RNC of these
3GPP TS 22.146 and 3GPP TS 25.221 and other documents definitions.
referenced therein. However, it will be appreciated by a The signal processing logic 440 of the Node B 410 is
skilled artisan that the inventive concept described herein arranged to transmit, upon receipt of a FACH message
may be applied to any direct signalling channel, such as a 40 transmitted from the RNC 420. the one or more indicator
paging channel, an allocation channel such as HS-SCCH or bits within, for example, the broadcast channel. In this
applied to alternative comparable services. manner, by monitoring the channel carrying indicator bits.
The following embodiments of the invention will be e.g. the broadcast channel. the UE 430 is able to determine
described in a context of timeslots, for example with respect whether there is a FACH message. If there is no indicator bit
to a TDD implementation, but the inventive concept is 45 set, the UE 430 is able to power down its radio circuitry until
equally applicable to any communication ‘“unit of resource’, the next time the channel carrying indicator bits is scheduled
for example for non-TDD implementations. Thus, hereinaf- to be transmitted. If there is a FACH message, the UE 430
ter the term timeslot in a TDD context encompasses any is able to read the contents of the FACH channel. and
communication “unit of resource’ outside of a TDD domain. determine whether, or not, the message is intended for itself,
In one embodiment of the invention, in contrast to the 50 as described in greater detail below.
known art where the indicator bits are used in a paging Referring now to FIG. 5, there is illustrated an example of
channel to inform the UE whether it needs to turn its radio resource allocation in accordance with embodiments of the
on for reading the PCH (i.e. as a battery saving mode), the invention, where a FACH message is required to be trans-
indicator bits are used to inform the UE whether it should be mitted. In particular, FIG. 5 illustrates a plurality of timeslots
reading the resources ‘reserved’ for FACH as a FACH 55 510 within a 3.84 Mcps TDD UMTS frame.
channel, or whether it should be ignoring those resources The plurality of timeslots 510 are allocated to transport
(for example when they are being used for another channel channels, which for the illustrated embodiments may com-
such as HS-DSCH). prise a Broadcast CHannel (BCH) 525, a High Speed
Referring now to FIG. 4, there is illustrated a part of a Downlink Shared Channel (HS-DSCH) 505, a Shared Con-
cellular communication network 400 according to embodi- 60 trol Channel for the HS-DSCH (HS-SCCH) 515, and a
ments of the invention. The cellular communication network Forward Access CHannel (FACH) 520. In embodiments of
400 comprises a communication network node, which for the invention, one timeslot also carries (what will hereinafter
the illustrated embodiment is in a form of a Node B (NODE be referred to as) an INdicator Channel (INCH) 521, carry-
B) 410, operably coupled to a radio network controller ing indicator bits. FIG. 5 is labeled in terms of transport
(RNC) 420, for example by way of a leased line provided by 65 channels, but the skilled artisan will appreciate that transport
a fixed line telecommunications provider, a microwave link, channels are mapped to physical channels before transmis-
an Ethernet cable or some other form of communication sion and that for the transport channels illustrated there is a
IPR2025-00218 Exhibit 2003 Page 92 of 257

w

10

link. The RNC 420 may be further operably coupled to, for
example, a Media Gateway (not shown).

The Node B 410 comprises signal processing logic 440
arranged to transmit one or more indicator bits, for example
on a broadcast channel. The signal processing logic 440 is
further arranged. upon receipt of a FACH message to be
transmitted, for example from the RNC 420, to set at least
one of the one or more indicator bits and to transmit the
FACH message in at least one of one or more timeslots
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one-to-one mapping between transport channel and physical
channel. A skilled artisan will also appreciate that the
timings between channels as shown in FIG. 5, and subse-
quent figures, are illustrative and may vary in an actual
implementation of the invention.

Furthermore, the indicator bits may be sent on any chan-
nel used to send indicator bits, which may exist on a same
timeslot as the BCH (but can also or alternatively exist on a
timeslot other than that occupied by the broadcast channel
(BCH)). For example, such indicator bits may take over
some of the indicators that are used on other indicator
channels (for example some of the E-HICH indicator bits
would not be used for E-HICH purposes (e.g. acknowledg-
ing uplink transmissions), but would be used for transmis-
sion of FACH indicator bits instead).

Furthermore, the indicator bits may be either broadcast to
all UEs in a cell, or transmitted to a targeted group of one or
more UEs in a cell. For example, the targeted group of UEs
may be a group of UEs with a particular capability or may
be a group of UEs geographically located close to the Node
B. An example method of targeting a group of UEs would be
to mask the indicator bits with a scrambling code that is
known to a group of UEs or to transmit the indicator bits at
a power level such that only that group of UEs is able to
receive the indicator bits reliably.

As previously mentioned, the FACH is a downlink trans-
port channel that is used to carry control information to a
UE. The FACH allows short messages to be sent from the
network to the UE. These short messages are typically
control type messages that are used, for example, to allocate
physical resources to the UE. set up dedicated physical
channels, etc. In particular, the FACH provides a service for
a network to communicate with UEs, without having to set
up dedicated physical resources.

As previously mentioned, with respect to FIG. 4, the RNC
420 may instruct the Node B 410 those timeslot resources
that are to be reserved for the FACH, for example by way of
a ‘NODE B SETUP’ message, along with the channelisation
codes and transport formats to be applied to the FACH.
Furthermore, when the network needs to send a FACH
message to a UE, for example UE 430 of FIG. 4, the RNC
420 sends a message. for example a ‘SEND FACH’ mes-
sage, 10 the Node B 410 comprising the content of the
message, and the identity of the UE 430. such as a UE-ID for
which the message is intended. The RNC 420 may also
define other criteria such as the specific timeslot resources to
be used (from those reserved), specific channelisation codes
to be used, etc. Alternatively, the choice of timeslot
resources, channelisation codes. etc. may be left to the Node
B 410, and as such the Node B 410 schedules the transmis-
sion of FACH messages within the, or each, FACH channel
520.

The BCH is a downlink transport channel that is used to
broadcast system and cell specific information. In particular,
the NODE B 410 may use the BCH 525 to transmit resource
information relating to common channels (where a common
channel is a channel that a plurality of UEs are meant to
decode, in contrast to a dedicated physical channel, which is
meant to be decoded by a specific UE). The resource
information may comprise descriptions of channelisation
codes for common physical channels, timeslot resource
allocations, and formats for transport channels such as
coding and modulation.

For the illustrated embodiments, the INCH 521 further
comprises one or more indicator bits, at least one of which
comprises a FACH indicator bit 522. In this manner, the
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resource information on BCH further comprises description
of the at least one indicator bit within the INCH 521.

The FACH indicator bit is used to indicate whether a
FACH channel to which it relates is ‘active’. Thus. for the
embodiments illustrated in FIG. 5. the FACH indicator bit
522 is used to indicate whether the FACH is ‘active’.

When the NODE B 410 is required to send a FACH
message. for example having received a SEND FACH
message from the RNC 420, the NODE B 410 sets the
FACH indicator bit 522, as illustrated in FIG. 5. The NODE
B 410 also transmits the FACH message within the FACH
timeslot, along with the identity of the UE, for example the
UE-ID, for which the message is intended.

In this manner, a UE 430 attached to the NODE B 410, is
able to determine whether there is a FACH message by
monitoring the INCH 521, and in particular by reading the
FACH indicator bit 522. Upon reading a set FACH indicator
bit, the UE 430 determines that the NODE B 430 is
transmitting a FACH message, and using the resource infor-
mation being transmitted in the BCH 525, is able to decode
the FACH message. If the identity of the UE 430 matches the
identity transmitted within the FACH message, the UE 430
acts on the message content.

Referring now to FIG. 6 there is illustrated the resource
allocation of FIG. 5, where no FACH message is required to
be transmitted. As the NODE B 410 has no FACH message
to transmit, the FACH indicator bit 522 in the INCH 521 is
not set. In this manner, a UE 420 attached to the NODE B
410, for example UE 430, is able to determine that the
NODE B 110 is not transmitting a FACH message. by
reading the FACH indicator bit 522, and accordingly the UE
does not attempt to decode HS-DSCH resource as FACH.
This may allow the UE to conserve battery power and avoids
the UE incorrectly decoding HS-DSCH as FACH, thus

5 improving reliability of the FACH transmission.

As will be appreciated by a skilled artisan, since the
NODE B 410 is not transmitting a FACH message. the
timeslot allocated to the FACH 520 is free. Therefore, in
accordance with embodiments of the invention, the NODE
B 410 is arranged to reallocate the FACH timeslot 520 for
use by a channel other than the FACH. when no FACH
message is required to be transmitted.

For the illustrated embodiments, the FACH timeslot 520
is reallocated for use by the HS-DSCH 505. The HS-DSCH
505 is a shared channel, the content and physical resources
of which are allocated via the HS-SCCH 515, which is a
downlink physical channel that carries control information
for the HS-DSCH 505. A skilled artisan will appreciate that,
although the HS-SCCH 515 is illustrated herein as occupy-
ing an entire timeslot, the HS-SCCH 515 may be multi-
plexed with other channels.

As previously mentioned, when the NODE B 410 is not
transmitting a FACH message, it reallocates the FACH
timeslot 520 for use by another channel, which for the
illustrated embodiments is the HS-DSCH 505.

In this manner, when a FACH message is not being
transmitted, the resources available to the HS-DSCH 505
can be expanded from, for the illustrated embodiments.
seven timeslots to eight, an increase of approximately 14%.
Thus, embodiments of the invention provide a more efficient
use of physical resources, as compared with traditional
techniques for providing services, such as that of FACH in
traditional cellular communication systems.

Furthermore, unlike for the known solution for reusing
the FACH timeslot described above, as the HS-DSCH 505
and HS-SCCH 515 are not used for transmitting FACH
messages. these two channels do not each require a signifi-
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cant proportion (e.g. approximately 33%) of the Node B
transmit power when a FACH message is to be transmitted.
Rather, only the FACH. when a FACH message is being
transmitted, requires 33% of the Node B transmit power.

Thus, an embodiment of the invention may provide an
advantage of a more eflicient use of physical resources,
whilst substantially avoiding an increase in power require-
ments.

For the embodiments illustrated in FIG. 5 and FIG. 6, the
FACH indicator bit 522 is illustrated as indicating 523 a state
of the FACH within the same frame. A skilled artisan will
appreciate that, for some UE implementations, this may not
be feasible due to the processing requirements this would
place on the UE.

Referring now to FIG. 7, there is illustrated an example of
resource allocation in accordance with embodiments of the
invention. In the same way as for the embodiments illus-
trated in FIG. 5 and FIG. 6, timeslots 710 within a frame are
allocated to a BCH 725, HS-DSCH 705, HS-SCCH 715,
FACH 720. INCH 721, etc.

For the embodiments illustrated in FIG. 7, the INCH 721
comprises a plurality of indicator bits, one of which, for the
illustrated embodiments, is in the form of a FACH indicator
bit 722, which indicates the state of the FACH 720 in a
subsequent frame of the physical channel. For the illustrated
embodiments, the FACH indicator bit 722 in frame ‘n’
indicates 723 the state of the FACH 720 within the next
consecutive frame, frame ‘n+1°. Thus, in FIG. 7. the FACH
indicator bit 722 in frame ‘n’ is set, and thereby indicates
that the FACH 720 is active in frame ‘n+1’. In this manner,
the processing requirements placed on a UE 430 are
reduced, since the UE 430 is provided more time in which
to prepare to decode the FACH 720 if the FACH 720 is
active. As illustrated, the HS-SCCH 715 may also relate 716
to the HS-DSCH 705 in the next consecutive frame.

Referring now to FIG. 8, there is illustrated an example of
resource allocation in accordance with embodiments of the
invention. For the embodiments illustrated in FIGS. 5 to 7,
a single FACH indicator bit is used to indicate a state of a
single FACH, and the FACH is allocated an entire timeslot
within the physical channel. A skilled artisan will appreciate
that a NODE B may be arranged to provide more than one
FACH, and that the plurality of FACHs may be allocated to
one or more timeslots.

For the embodiments illustrated in FIG. 8, four FACH
channels are allocated to a single timeslot, and the FACH
indicator bit 822 indicates 823 whether at least one of the
FACH channels is active. In this manner, if the NODE B is
required to transmit one or more FACH messages, the
NODE B sets the FACH indicator bit 822, and transmits the
one or more FACH messages in one or more FACH channels
820 within the allocated timeslot. In this manner, a UE is
able to determine whether a FACH message is to be trans-
mitted by reading the FACH indicator bit 822 in the INCH
821. If the FACH indicator bit 822 is set, the UE then
decodes the FACH timeslot and reads each of the four FACH
channels therein to determine whether the one or more
transmitted FACH messages are intended for itself.

If the NODE B is not required to transmit a FACH
message, the NODE B sets the FACH indicator bit 822 to
‘inactive’, and reallocates the FACH timeslot for use by
another transport channel, for example the HS-DSCH 805.

Referring now to FIG. 9, there is illustrated an example of
resource allocation in accordance with embodiments of the
invention. As in the embodiment illustrated in FIG. 8, four
FACH channels are allocated to a single timeslot. However,
for the embodiments illustrated in FIG. 9. the INCH 921
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comprises a plurality of FACH indicator bits 922. For the
illustrated embodiments, the INCH 921 comprises four
FACH indicator bits 922, each FACH indicator bit 922
relating to one of the FACH channels 920.

In this manner, when the NODE B receives one or more
FACH messages to be transmitted, the NODE B schedules
transmission of the one or more FACH messages in one or
more of the FACH channels 920, and sets one or more of the
FACH indicator bits 922, to indicate those FACH channels
920 that are active.

Thus, FIG. 9 illustrates a case where the NODE B is
required to transmit two FACH messages. Accordingly, the
NODE B has set two of the FACH indicator bits 922, and
transmits the FACH messages within the two corresponding
FACH channels 920. As will be appreciated by a skilled
artisan, for the embodiments illustrated in FIG. 9, only two
out of four of the FACH channels 920 within the FACH
timeslot are used. Accordingly, and in accordance with an
embodiment of the invention, the NODE B re-allocates the
timeslot resource for those FACH channels not required for
transmitting FACH messages, for use by another transport
channel, such as the HS-DSCH 905. In this manner, even
when the NODE B is required to transmit FACH messages,
free resource within the FACH allocated timeslot may be
reused for other channels.

In the embodiments shown in FIG. 9, where a timeslot is
partially used by FACH. a UE that is allocated HS-DSCH
may advantageously modify its resource allocation based on
the status of the FACH indicator bit. For example, if the UE
is allocated all eight timeslots and all sixteen codes on
HS-DSCH 905, and the FACH indicator bit is set. the UE
may understand that in the FACH timeslot 920 it is actually
allocated a reduced number of HS-DSCH codes. This is in
contrast to the existing operation in 3GPP, where the same
number of codes has to be allocated to a UE in all of the
timeslots that it is allocated, due to signalling restrictions.
However, in accordance with embodiments of the invention,
the UE is signaled whether the FACH is active. Advanta-
geously, the UE is able to use this indication to modify the
HS-DSCH resource allocation (as the UE understands that if
the FACH indicator bit was set, then the UE cannot be
allocated all of the resource in the FACH timeslot as that
resource is allocated elsewhere as FACH).

For the various embodiments illustrated and described
herein. a single timeslot has been allocated for FACH
channels. However, a skilled artisan will appreciate that
more than one timeslot may be allocated for FACH chan-
nels. Accordingly, and in accordance with an embodiment of
the invention, where more than one timeslot is allocated for
FACH channels, the one or more timeslots may, individually
or collectively, and as a whole or partly, be re-allocated for
use by other channels when not required for the transmission
of FACH messages.

Referring now to FIG. 10, there is illustrated a flow chart
1000 of a method for transmitting transport channels over a
physical channel of a cellular communication system in
accordance with embodiments of the invention.

The method starts at block 1010 and moves to block 1020,
where it is determined whether a FACH message is required
to be transmitted, for example whether a ‘SEND FACH’
command has been received from an RNC.

If it is determined that a FACH message is required to be
transmitted, the method moves on to block 1030, where the
FACH message(s) to be transmitted is/are scheduled for
transmission in one or more timeslots allocated to one or
more FACH channels. The method then moves on to block
1050.
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Referring back to block 1020, if it is determined that no
FACH message is required to be transmitted. the method
moves on to block 1040, where the timeslot(s) allocated to
the one or more FACH channels are re-allocated for use by

one or more channels other than the one or more FACH 5 example indicator bits from the PICH (Paging Indicator
channels. The method then moves on to block 1050. CHannel) or E-HICH (E-DCH Hybrid ARQ Indicator
In block 1050, the FACH indicator bit is configured as CHannel) channels may be reassigned as FACH indicator
required for transmission in, for example a broadcast chan- bits.
nel or indicator channel, indicating whether the FACH is While the invention has been described in terms of
active, e.g. a FACH message is to be transmitted, or not. 10 particular embodiments and illustrative figures, those of
That is to say. if a FACH message is to be transmitted, the ordinary skill in the art will recognize that the invention is
FACH indicator bit is set (e.g. transmitted as a logic ‘17), not limited to the embodiments or figures described.
whereas if a FACH message is not to be transmitted. the Although embodiments of the present invention are
FACH indicator bit is not set (e.g. transmitted as a logic ‘0’ described, in some instances, using UMTS terminology,
or alternatively the FACH indicator bit is simply not sent at 15 those skilled in the art will recognize that such terms are also
all (for example in a Discontinuous Transmission (DTX) used in a generic sense herein, and that the present invention
mode)). The method then moves on to block 1060, where the is not limited to such systems.
transmission of the transport channels is initiated. The Those skilled in the art will recognize that the operations
method then returns to block 1020, as shown. of the various embodiments may be implemented using
A skilled artisan will appreciate that only those blocks 20 hardware, software, firmware, or combinations thereof. as
pertinent to the invention have been illustrated and described appropriate. For example, some processes can be carried out
in order not to obscure the inventive concept. using processors or other digital circuitry under the control
Referring now to FIG. 11, there is illustrated a flowchart of software, firmware, or hard-wired logic. (The term ‘logic’
1100 of a method for transmitting transport channels over a herein refers to fixed hardware, programmable logic and/or
physical channel of a cellular communication system, in 25 anappropriate combination thereof. as would be recognized
accordance with embodiments of the invention. by one skilled in the art to carry out the recited functions.)
The method starts at block 1110 and moves to block 1120, Software and firmware can be stored on computer-readable
where it is determined whether a FACH message is required media. Some other processes can be implemented using
to be transmitted. If it is determined that one or more FACH analog circuitry, as is well known to one of ordinary skill in
messages are required to be transmitted. the method moves 30 the art. Additionally, memory or other storage, as well as
on to block 1130, where the one or more FACH message(s) communication components, may be employed in embodi-
is/are scheduled for transmission within the allocated ments of the invention.
timeslot(s). FIG. 12 illustrates a typical computing system 1200 that
The method then moves on to block 1140, where it is may be employed to implement processing functionality in
determined whether resources allocated for FACH messages 35 embodiments of the invention. Computing systems of this
are free for use by other channels. If it is determined that no type may be used in the NodeB (in particular, the scheduler
FACH resources are free in block 1140, the method moves of the NodeB), core network elements, such as the GGSN,
on to block 1160. However, if it is determined that FACH and RNCs, for example. Those skilled in the relevant art will
resources are free. the method moves on to block 1150. also recognize how to implement the invention using other
Referring back to block 1120, if it is determined that no 40 computer systems or architectures. Computing system 1200
FACH messages are required to be transmitted, the method may represent, for example, a desktop. laptop or notebook
moves on to block 1150, where resources allocated for computer, hand-held computing device (PDA, cell phone.
FACH messages that are not required for the transmission of palmtop. etc.). mainframe, server, client, or any other type of
FACH messages are re-allocated for use by other channels. special or general purpose computing device as may be
The method then moves to block 1160, where the, or each, 45 desirable or appropriate for a given application or environ-
FACH indicator bit is configured as being required within a ment. Computing system 1200 can include one or more
broadcast channel or indicator channel, indicating whether processors, such as a processor 1204. Processor 1204 can be
the FACH is active, e.g. a FACH message is to be transmit- implemented using a general or special purpose processing
ted, or not. The method then moves on to block 1170, where engine such as, for example, a microprocessor, microcon-
the transmission of the transport channels is initiated. The 50 troller or other control logic. In this example, processor 1204
method then returns to block 1120. is connected to a bus 1202 or other communications
A skilled artisan will appreciate that only those blocks medium.
pertinent to the invention have been illustrated and described Computing system 1200 can also include a main memory
in order not to obscure the inventive concept. 1208, such as random access memory (RAM) or other
For the various embodiments hereinbefore described, the, 55 dynamic memory, for storing information and instructions to
or each, indicator bit has been described as being provided be executed by processor 1204. Main memory 1208 also
within an indicator channel. Alternatively the indicator bits may be used for storing temporary variables or other inter-
may be sent on the BCH or other channel. By way of mediate information during execution of instructions to be
example, the indicator bit(s) may be sent within a Transport executed by processor 1204. Computing system 1200 may
Format Combination Indicator (TFCI) type field within the 60 likewise include a read only memory (ROM) or other static
BCH, wherein the TFCI field is a field that is separately storage device coupled to bus 1202 for storing static infor-
encoded to data traflic to which it relates. As another mation and instructions for processor 1204.
example, the indicator bits may be sent in the data portion The computing system 1200 may also include informa-
of the BCH or other channel. tion storage system 1210, which may include, for example.
In an embodiment of the invention, the indicator bit(s) 65 a media drive 1212 and a removable storage interface 1220.
may be provided within a dedicated indicator channel. The The media drive 1212 may include a drive or other mecha-
indicator bits may also be transmitted as repetition encoded nism to support fixed or removable storage media, such as
IPR2025-00218 Exhibit 2003 Page 95 of 257
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bits, or alternatively they may be more robustly encoded,
such as jointly convolutionally encoded.

Alternatively, indicator bits may be transmitted within an
indicator channel along with other indicator bits. For
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a hard disk drive, a floppy disk drive, a magnetic tape drive,
an optical disk drive, a compact disc (CD) or digital video
disk (DVD) read or write drive (R or RW), or other
removable or fixed media drive. Storage media 1218 may
include, for example, a hard disk, floppy disk, magnetic tape,
optical disk, CD or DVD, or other fixed or removable
medium that is read by and written to by a media drive. As
these examples illustrate, the storage media 1218 may
include a computer-readable storage medium having stored
therein particular computer software or data.

In alternative embodiments, information storage system
1210 may include other similar components for allowing
computer programs or other instructions or data to be loaded
into computing system 1200. Such components may
include, for example, a removable storage unit 1222 and an
interface 1220, such as a program cartridge and cartridge
interface, a removable memory (for example. a flash
memory or other removable memory module) and memory
slot, and other removable storage units 1222 and interfaces
1220 that allow software and data to be transferred from the
removable storage unit 1222 to computing system 1200.

Computing system 1200 can also include a communica-
tions interface 1224. Communications interface 1224 can be
used to allow software and data to be transferred between

computing system 1200 and external devices. Examples of 2

communications interface 1224 can include a modem, a
network interface (such as an Ethernet or other NIC card),
a communications port (such as for example, a universal
serial bus (USB) port), a PCMCIA slot and card, etc.
Software and data transferred via communications interface
1224 are in the form of signals which can be electronic,
electromagnetic, optical or other signals capable of being
received by communications interface 1224. These signals
are provided to communications interface 1224 via a chan-
nel 1228. This channel 1228 may carry signals and may be
implemented using a wireless medium, wire or cable, fiber
optics, or other communications medium. Some examples of
a channel include a phone line, a cellular phone link, an RF
link, a network interface, a local or wide area network, and
other communications channels.

In this document. the terms ‘computer program product’
‘computer-readable medium’ and the like may be used
generally to refer to media such as, for example, memory
1208, storage device 1218, or storage unit 1222. These and
other forms of computer-readable media may store one or
more instructions for use by processor 1204, to cause the
processor to perform specified operations. Such instructions,
generally referred to as ‘computer program code’ (which
may be grouped in the form of computer programs or other
groupings), when executed, enable the computing system
1200 to perform functions of embodiments of the present
invention. Note that the code may directly cause the pro-
cessor to perform specified operations, be compiled to do so,
and/or be combined with other software, hardware, and/or

firmware elements (e.g.. libraries for performing standard :

functions) to do so.

In an embodiment where the elements are implemented
using software, the software may be stored in a computer-
readable medium and loaded into computing system 1200
using, for example, removable storage drive 1212 or com-
munications interface 1224. The control logic (in this
example, software instructions or computer program code),
when executed by the processor 1204, causes the processor
1204 to perform the functions of the invention as described
herein.

It will be appreciated that, for clarity purposes, the above
description has described embodiments of the invention with
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reference to different functional units and processors. How-
ever, it will be apparent that any suitable distribution of
functionality between different functional units, processors
or domains may be used without detracting from the inven-
tion. For example, functionality illustrated to be performed
by separate processors or controllers may be performed by
the same processor or controller. Hence. references to spe-
cific functional units are only to be seen as references to
suitable means for providing the described functionality.
rather than indicative of a strict logical or physical structure
or organization.

Although the invention has been described in connection
with embodiments. it is not intended to be limited to the
specific form set forth herein. Rather, the scope of the
present invention is limited only by the claims Additionally.
although a feature may appear to be described in connection
with particular embodiments, one skilled in the art would
recognize that various features of the described embodi-
ments may be combined in accordance with the invention. In
the claims, the term ‘comprising” does not exclude the
presence of other elements or steps.

Furthermore, although individually listed, a plurality of
means, elements or method steps may be implemented by,
for example, a single unit or processor. Additionally,
although individual features may be included in different
claims, these may possibly be advantageously combined.
and the inclusion in different claims does not imply that a
combination of features is not feasible and/or advantageous.
Also, the inclusion of a feature in one category of claims
does not imply a limitation to this category, but rather the
feature may be equally applicable to other claim categories,
as appropriate.

Furthermore, the order of features in the claims does not
imply any specific order in which the features must be
performed and in particular the order of individual steps in
a method claim does not imply that the steps must be
performed in this order. Rather, the steps may be performed
in any suitable order. In addition. singular references do not
exclude a plurality. Thus, references to ‘a’, ‘an’, ‘first’,
‘second’, etc. do not preclude a plurality.

It will be understood that the method and apparatus for
transmitting transport channels over a physical channel of a
cellular communication system described above provides.
by way of example only, at least the advantages of a more
efficient use of physical resources, whilst substantially
avoiding an increase in power requirements.

What is claimed is:

1. A user equipment (UE) comprising:

a receiver, the receiver configured to receive broadcast
information including a plurality of bits, wherein each
of the plurality of bits indicates a respective time
interval that physical shared channel resources are
utilized to signal channels; and

a processor, the processor communicatively coupled to
the receiver and configured to monitor the signaled
channels in indicated time intervals, to determine
whether signaling information for the UE is present
based on an identification of the UE, and to process the
signaling information in response to the determination
that signaling information for the UE is present.

2. The UE of claim 1, wherein the respective time interval
or each indicated time interval is part of a shared frame that
is allocated by a network device.

3. The UE of claim 1, wherein the broadcast information
is received on a broadcast channel.

4. The UE of claim 1, wherein the respective time interval
or each indicated time interval is two or more timeslots.
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5. The UE claim 1, wherein the UE powers down radio
circuitry outside of the indicated time intervals.
6. The UE of claim 1. wherein the identification of the UE
is assigned by a network device to decode the signaling
information.
7. A method performed by a user equipment (UE), the
method comprising:
receiving, by the UE. broadcast information including a
plurality of bits, wherein each of the plurality of bits
indicates a respective time interval that physical shared
channel resources are utilized to signal channels;

monitoring, by the UE, the signaled channels in indicated
time intervals:
determining, by the UE, whether signaling information
for the UE is present based on an identification of the
UE; and

processing, by the UE, the signaling information in
response to the determination that signaling informa-
tion for the UE is present.

8. The method of claim 7, wherein the respective time
interval or each indicated time interval is part of a shared
frame that is allocated by a network device.

9. The method of claim 7, wherein the broadcast infor-
mation is received on a broadcast channel.

10. The method of claim 7, wherein the respective time
interval or each indicated time interval is two or more
timeslots.

11. The method claim 7, wherein the UE powers down
radio circuitry outside of the indicated time intervals.

12. The method of claim 7. wherein the identification of
the UE is assigned by a network device to decode the
signaling information.

¥ ok ok ok *®
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From: John Downing <JDowning@kasowitz.com>

Sent: Wednesday, December 18, 2024 12:45 PM

To: Michael Ellis; Intellectual Ventures

Cc: Matt Colvin; Bernard Cryan; Daniel Gopenko; Aamir Kazi; Kate Quisenberry; Rodeen
Talebi; Ann Vermeersch; msiegmund@cjsjlaw.com

Subject: RE: Intellectual Ventures v Tesla

[This email originated outside of F&R.]

Michael,

We appreciate you reaching out. To clarify, we think that you mean claim 10 for the ’743 patent below. We are
looking into these issues and will let you know availability to meet and confer tomorrow when we confirm
availability with local counsel, who is cc’d. Per the scheduling order, this meet and confer is meant to narrow
terms in dispute and exchange revised lists of terms, which both parties have done. Our understanding of this
procedure is thatitis not intended to require IV to articulate claim construction positions before Defendant’s
opening brief and outside of the court’s schedule for disclosing positions.

For the ’639 and ’395, out position is that the terms above are not indefinite.
For the ’743, we are in the process of reviewing this issue, but cannot commit to having a response by tomorrow.
Regards,

John

John Downing

Kasowitz Benson Torres LLP

333 Twin Dolphin Drive, Suite 200
Redwood Shores, CA 94065

Tel. (650) 453-5426

Fax. (650) 362-9430
JDowning@kasowitz.com

From: Michael Ellis <ellis@fr.com>

Sent: Tuesday, December 17, 2024 3:45 PM

To: Intellectual Ventures <IntellectualVentures@kasowitz.com>

Cc: Matt Colvin <colvin@fr.com>; Bernard Cryan <cryan@fr.com>; Michael Ellis <ellis@fr.com>; Daniel Gopenko
<gopenko@fr.com>; Aamir Kazi <kazi@fr.com>; Kate Quisenberry <quisenberry@fr.com>; Rodeen Talebi
<talebi@fr.com>; Ann Vermeersch <vermeersch@fr.com>

Subject: Intellectual Ventures v Tesla

1
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ALERT: THIS IS AN EXTERNAL EMAIL. DO NOT CLICK ON ANY LINK,
ENTER A PASSWORD, OR OPEN AN ATTACHMENT UNLESS YOU
KNOW THAT THE MESSAGE CAME FROM A SAFE EMAIL ADDRESS.

Counsel,

The Proposed Scheduling Order requires the parties to meet and confer to narrow terms in dispute and
exchange revised list of terms/constructions by December 19. To that end, we are available to meet and confer
after 3pm Eastern on Thursday, December 19. Please let us know your availability.

Further, please be prepared to discuss what IV contends is the antecedent basis for the terms “said
processing” in claim 1 of the 395 patent, “said target feature information” in claim 1 of the '639 patent, and
“said feature information” in claim 7 of the '639 patent.

Please also be prepared to discuss whether or not IV agrees the preamble of claim 1 of the '743 patent is
limiting. IV’s statement that the plain and ordinary meaning applies is not responsive to whether or not the
preamble is limiting.

Finally, to further narrow down the terms at dispute, Tesla no longer pursues an indefiniteness position for the
terms “multi-level transmit power control (TPC) command” / “multi-level TPC command” in the 500 and 153
patents.

Thanks,

Michael R Ellis
Associate m Fish & Richardson P.C.

0: 214 760 6119 C: 202 607 0752 | ellis@fr.com | Bio
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This email message is for the sole use of the intended recipient(s) and may contain confidential
and privileged information. Any unauthorized use or disclosure is prohibited. If you are not the
intended recipient, please contact the sender by reply email and destroy all copies of the original

message.
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APPLICATION FOR U.S. PATENT
TRANSMITTAL FORM

Attorney Docket: TI-16314

December 18, 1991

*EXPRESS MAIL"
Express Mailing Label Number RB101289562
. . Date of Deposit _December 18, 1991
Commissioner of Patents and Trademarks I hereby certify that this paper or fee is being deposited with the United
Washington D C 20231 States Postal Service "Express Mail Post Office to Addressse® service
, D.C.

A under 37 CFR 1.10 on the date indicated above and is addressed to the
Dear Sir: Commigglopbr of Patents and Trads wa%g 20231,
z \
Dofica J. Otto ’ j ’

Transmitted herewith for filing is the patent application of:
Inventor(s): Alan Jerry Katz
For: Object Screener For Automatic Target Recognition Based On Principal Component Features

Enclosed are 14 sheets of informal drawing and assignment of the invention to TEXAS
INSTRUMENTS, INCORPORATED.

' FEE CALCULATION FEE

' Basic Fee $690
Number Allowed Extra Rate

Total Claims 19 20 0 20 0
Independent Claims 4 3 1 72 72
Total Filing Fee 760
Assignment Recording Fee 20
TOTAL FEES $780

Please charge deposit account No. 20-0668 in the amount of the Total Fees set forth above. The
Commissioner is hereby authorized to charge any additional fees which may be required, or credit any
overpayment to said deposit account. A duplicate copy of this sheet is enclosed.
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CLAIMS
I claim:
; 8 A method for distinguishing targets from background clutter, comprising
the steps of

(a) inputting data;

(b) calculating data statistics from said data and using said data
statistics to select target specific feature information to distinguish specific targets
from background clutter;

(c) generating said target specific feature information from said data
statistics;

(d) extracting said target specific feature information from said data;

(e) using said target specific feature information to distinguish specific
targets from background clutter; and

(f) outputting target and background clutter information.

2. The method of claim 1, wherein said data is one-dimensional, two-
dimensional, or multi-dimensional.
3. The method of claim 1, wherein said data is digitized imagery, speech

I

signals, or radar signals.

4. The method of claim 1, wherein parallel hardware architectures are
employed to use said feature information to distinguish particular targets from
background clutter.

5. The method of claim 4, wherein said parallel hardware architectures

TI-16314 27
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comprise neural networks.

6. The method of claim 1, wherein said feature information is contrast-
based or texture-based.

7. The method of claim 1, wherein said featﬁre information is further used
to distinguish two target classes or a plurality of target classes from one another.

8. The method of claim 1, wherein Hebbian learning techniques are used
to select said target specific feature information.

9. A classification system, comprising

(a) a calculator to calculate data statistics from a data input;

(b) a selector to use said data statistics outputted from said calculator
to select target specific feature information to distinguish specific targets from
background clutter, wherein said target specific feature information uniquely
describes a target for recognition purposes;

(c) a generator to generate said target specific feature information from
said data statistics outputted from said calculator;

(d) a feature extractor to extract target specific feature information from
said data input; and

(e) a classifier to use said target specific feature information extracted
from said data input by said feature extractor to distinguish targets from background
clutter and output target and background clutter data.

10. The classification system of claim 9, wherein said data input is one-

dimensional, two-dimensional, or multidimensional.
TI-16314 28
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11. The classification system of claim 9, wherein said data input is digitized
imagery, speech signals or radar signals.

12. The classification system of claim 9, wherein parallel hardware
architectures are employed in the classifier to use said feature information to
distinguish particular targets from background clutter.

13. The classification system of claim 12, wherein said parallel hardware
architectures comprise neural networks.

14. The classification system of claim 9, wherein said feature information
is contrast-based or texture-based.

15. The classification system of claim 9, wherein said selector employs
Hebbian learning techniques to select said target specific feature information.

16. A classification hardware system, comprising

(a) a calculator to calculate data statistics from a data input;

(b) a selector to use said data statistics outputed from said calculator to
select target specific feature information to distinguish specific targets from
background clutter, wherein said target specific feature information uniquely
describes a target for recognition purposes;

(c) a generator to generate said target specific feature information from
said data statistics outputed from said calculator;

(d) a feature extractor to extract target specific feature information from
said data input; and

(e) a classifier to use said target specific feature information extracted

TI1-16314 29
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from said data input by said feature extractor to distinguish targets from background
clutter and output target and background clutter data.

17. The classification hardware system of claim 16, wherein said selector
employs Hebbian learning techniques to select said target specific feature
information.

18. A classification software system, comprising

(a) calculation software to calculate data statistics from a data input;

(b) selection software to use said data statistics outputed from said
calculator to select target specific feature information to distinguish specific targets
from background clutter, wherein said target specific feature information uniquely
describes a target for recognition purposes;

(c) generator software to generate said target specific feature information
from said data statistics outputed from said calculator;

(d) feature extraction software to extract target specific feature
information from said data input; and

(e) classification software to use said target specific feature information
extracted from said data input by said feature extractor to distinguish targets from
background clutter and output target and background clutter data.

19. The classification software system of claim 18, wherein said selector
employs Hebbian learning techniques to select said target specific feature

information.

TI-16314 30
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ATTORNEY DOCKET

In re application of:
Serial No.:
Filed:
Confirmation No.:
Group No.:
Examiner:

- Title:

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

PATENT
07/81 O 005

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Alan Jerry Katz

07/810,005 HECE,VED

December 18, 1991 JUN O 72004

2632 GR ] U-"‘ ~o
UUr 5000

3662

Bemarr E. Gregory

GENERALIZED HEBBIAN LEARNING FOR PRINCIPAL
COMPONENT ANALYSIS AND AUTOMATIC TARGET
RECOGNITION, SYSTEMS AND METHODS

“EXPRESS MAIL”

Express Mailing Label Number

EV 324642475 US

1 hereby certify that this paper is being deposited
with the United States Postal Service “Express Mail
Post Office to Addressee” service under 37 CFR
1.10 on the date indicated below and is addressed to
the Commissioner for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450.

Welbs Tto

Willie Jiles

Date: May 28, 2004

RESPONSE PURSUANT TO 37 C.F.R. 1.111

In response to the Office Action mailed March 3, 2004, Applicant respectfully

requests the Examiner to reconsider the rejection of the claims in view of the following

amendments thereto, and the

follows:

comments as set forth below. Please amend the application as
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ATTORNEY DOCKET PATENT
004578.1360 07/810,005

In the Claims

1 (Original) A method for distinguishing targets from background clutter,
comprising the steps of

(a) inputting data;

(b) calculating data statistics from said data and using said data statistics to select
target specific feature information to distinguish specific targets from background clutter;

(c) generating said target feature information from said data statistics;

(d) extracting said target specific feature information from said data;

(e) using said target specific feature information to distinguish specific targets from
background clutter; and

(f) outputting target and background clutter information.

2. (Original) The method of claim 1, wherein said data is one-dimensional, two-

dimensional, or multi-dimensional.

3. (Original) The method of claim 1, wherein said data is digitized imagery,

speech signals, or radar signals.
4, (Original) The method of claim 1, wherein parallel hardware architectures are
employed to use said feature information to distinguish particular targets from background

clutter.

5 (Original) the method of claim 4, wherein said parallel hardware architectures

comprise neural networks.

6. (Original) The method of claim 1, wherein said feature information is

contrast-based or texture-based.

% (Original) The method of claim 1, wherein said feature information is further

used to distinguish two target classes or a plurality of target classes from one another.

DALO1:797176.1
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ATTORNEY DOCKET PATENT

004578.1360 07/810,005
3
8. (Original) The method of claim 1, wherein Hebbian learning techniques are

used to select said target specific feature information.

9. (Original) A classification system, comprising

(a) a calculator to calculate data statistics from a data input;

(b) a selector to use said data statistics outputed from said calculator to select target
specific feature information to distinguish specific targets from background clutter, wherein
said target specific feature information uniquely describes a target for recognition purposes;

(c) a generator to generate said target specific feature information from said data
statistics outputed from said calculator;

(d) a feature extractor to extract target specific feature information from said data
input; and

(e) a classifier to use said target specific feature information extracted from said data
input by said feature extractor-to distinguish targets from background clutter and output

target and background clutter data.

10. (Original) The classification system of claim 9, wherein said data input is one-

dimensional, two-dimensional, or multidimensional.

1. (Original) The classification system of claim 9, wherein said data input is

digitized imagery, speech signals or radar signals.

12. (Original) The classification system of claim 9, wherein parallel hardware
architectures are employed in the classifier to use said feature information to distinguish

particular targets from background clutter.

13. (Original) The classification system of claim 12, wherein said parallel

hardware architectures comprise neural networks.

14. (Original) The classification system of claim 9, wherein said feature

information is contrast-based or texture-based.

15.  (Original) The classification system of claim 9, wherein said selector employs

Hebbian learning techniques to select said target specific feature information.

DALO1:797176.1
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ATTORNEY DOCKET PATENT

004578.1360 07/810,005
4
16. (Original) A classification hardware system, comprising

(a) a calculator to calculate data statistics from a data input;

(b) a selector to use said data statistics outputed from said calculator to select target
specific feature information to distinguish specific targets from background clutter, wherein
said target specific feature information uniquely describes a target for recognition purposes;

(c) a generator to generate said target specific feature information from said data
statistics outputed from said calculator;

(d) a feature extractor to extract target specific feature information from said data
input; and

(e) a classifier to use said target specific feature information extracted from said data
input by said feature extractor to distinguish targets from background clutter and output

target and background clutter data.

17. (Original) The classification hardware system of claim 16, wherein said
selector employs Hebbian learning techniques to select said target specific feature

information.

18. (Currently Amended) A classification software system, comprising

(a) calculation software to calculate data statistics from a data input;

(b) selection software to use said data statistics outputed from said calculator to select
target specific feature information to distinguish specific targets from background clutter,
wherein said target feature information uniquely describes a target for recognition purposes;

(c) generator software to generate said target specific feature information from said
data statistics outputed from said calculator;

(d) feature extraction software to extract target specific feature information from said
data input; and

(e) classification software to use said target specific feature information extracted
from said data input by said feature extractor to distinguish targets from background clutter
and output target and background clutter data- data; and

(f) wherein the calculation software, selection software, generator software, feature

extraction software, and classification software reside on at least one computer-readable

medium.

DAL01:797176.1
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004578.1360 07/810,005
5
19. (Original) The classification software system of claim 18, wherein said

selector employs Hebbian leamning techniques to select said target specific feature

information.

20. (Previously presented) A method for distinguishing targets from background
clutter, comprising the steps of

(a) inputting data having targets and background clutter;

(b) applying neural network learning procedures to said data to construct a set of
operators,

(c) applying said set of operators to data to construct a set of features;

(d) choosing optimal features from said set of features to distinguish targets from
clutter; and

(e) using said optimal features to distinguishing targets from background clutter.

DALO01:797176.1
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UNITED STATES DISTRICT COURT
FOR THE WESTERN DISTRICT OF TEXAS
WACO DIVISION

MIRROR IMAGING, LLC,

Plaintiff

V.

BANK OF AMERICA, N.A,,

Defendant

MIRROR IMAGING, LLC,

Plaintiff

V.

JPMORGAN CHASE BANK, N.A,,

Defendant

MIRROR IMAGING, LLC,

Plaintiff

V.

WELLS FARGO BANK, N.A,,

Defendant

IPR2025-00218

Case No. 6:21-cv-00463-ADA

JURY TRIAL DEMANDED

Case No. 6:21-cv-00464-ADA

JURY TRIAL DEMANDED

Case No. 6:21-cv-00465-ADA

JURY TRIAL DEMANDED
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MIRROR IMAGING, LLC,

Plaintiff Case No. 6:21-cv-00517-ADA

V. JURY TRIAL DEMANDED

CAPITAL ONE, N.A.,,

Defendant

MIRROR IMAGING, LLC,

Plaintiff Case No. 6:21-cv-00518-ADA

V. JURY TRIAL DEMANDED

PNC BANK, N.A,,

Defendant

CLAIM CONSTRUCTION ORDER

The Court provided preliminary constructions to the parties in advance of the Markman
hearing scheduled for February 14, 2022. In advance of that hearing, the parties indicated that all
parties had met and conferred, and all parties stipulated to the preliminary constructions as

provided. In light of the communication from the parties, the Markman hearing was cancelled.

Y\

ALAN D ALBRIGHT
UNITED STATES DISTRICT JUDG

SIGNED this 22nd day of February, 2022.
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l. Disputed Constructions

Term Plaintiff’s Defendants’ Proposed Court’s
[Proposing Party] Proposed Construction Preliminary
[Patents/Claims] Construction Constructions

“electronic image[s]” Plain and “digital representation of | Plain and
['275 Patent, Claims 1, 5, ordmgry arﬁ)htotograpr:c or ordlngry
8; 435 Patent: Claims 11, | M¢anng. g ° OCOth,O a meaning
13; 7009 Patent: Claim In the alternative: ocumen
14; 7447 Patent: Claims 1, | “a digitized
6, 7, 19] record of a
[Defendant JPM and document.
PNC]
“associated with a Plain and “owned or operated by a | Plain and
[first/second] entity” ordinary [first/second] entity” ordinary
['275 Patent: Claim 1, meaning. meaning
’435 Patent: Claim 11;
’009 Patent: Claim 14;
"447 Patent: Claims 1, 19]
[Defendants JPM and
PNC]
“located remotely from” | Plain and “geographically Plain and
['275 Patent: Claim 1; ordmgry distanced from ordlngry
’009 Patent: Claim 14; meaning. meaning
"447 Patent: Claims 1, 19]
[Defendants BOA, WF,
CO, JPM, and PNC]
“store at least some of”/ | Plain and Indefinite. Not indefinite.
“storing at least some of” | ordinary Plain and
/ *“storing the at least meaning. ordinary
some of” meaning.
[275 Patent: Claims 1, 5;
’435 Patent: Claim 11;
’009 Patent: Claim 14;
"447 Patent: Claims 1, 19]
[Defendants BOA, WF,
CO, and JPM]

1
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“first entity” Plain and Indefinite. Not indefinite.
[’435 Patent: Claim 11; ordmgry Plzl_n and
’009 Patent: Claim 14; meaning. ordinary
"447 Patent: Claims 1, 19] meaning.
[Defendants JPM and
PNC]
“second entity” Plain and Indefinite. Not indefinite.
['435 Patent: Claim 11; ordmgry Plzl_n and
’009 Patent: Claim 14; meaning. ordinary
"447 Patent: Claims 1, 19] meaning.
[Defendants JPM and
PNC]
“wherein the first entity Plain and Indefinite. Indefinite
and the second entity are | ordinary
distinct or related” meaning.
['435 Patent: Claim 11]
[Defendants BOA, WF,
CO, JPM, and PNC]
“configured to at least Plain and Indefinite. Indefinite
partially link two or more | ordinary
interfaces” meaning.
['447 Patent: Claim 11]
[Defendants BOA, WF,
CO, JPM, and PNC]

1

2
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A Method for Registration of 3-D Shapes

Paul 1. Besl, Member, IEEE, and Neil D. McKay

Abstract—This paper describes a general-purpose, representa-
tion-independent method for the accurate and computationally
efficient registration of 3-D shapes including free-form curves
and surfaces. The method handles the full six degrees of freedom
and is based on the iterative closest point (ICP) algorithm,
which requires only a procedure to find the closest point on a
geometric entity to a given point. The ICP algorithm always
converges monotonically to the mearest local minimum of a mean-
square distance metric, and experience shows that the rate of
convergence is rapid during the first few iterations. Therefore,
given an adeguate set of initial rotations and translations for
a particular class of objects with a certain level of “shape
complexity,” one can globally minimize the mean-square distance
metric over all six degrees of freedom by testing each initial
registration. For example, a given “model” shape and a sensed
“data” shape that represents a major portion of the model shape
can be registered in minutes by testing one initial translation
and a relatively small set of rotations to allow for the given
level of meodel cemplexity. One important application of this
method is to register sensed data from unfixtured rigid objects
with an ideal geometric medel prior to shape inspection. The
described method is also useful for deciding fundamental issues
such as the congruence (shape equivalence) of different geometric
representations as well as for estimating the motion between point
sets where the correspondences are not known. Experimental
results show the capabilities of the registration algorithm on point
sets, curves, and surfaces.

Index Terms— Free-form curve matching, free-form surface
matching, motion estimation, pose estimation, quaternions, 3-D
registration.

1. INTRODUCTION

GLOBAL AND local shape matching metrics for free-
form curves and surfaces as well as point sets were
described in [3] in an attempt to formalize and unify the
description of a key problem in computer vision: Given 3-
D data in a sensor coordinate system, which describes a data
shape that may correspond to a model shape, and given a
model shape in a model coordinate system in a different
geometric shape representation, estimate the optimal rotation
and translation that aligns, or registers, the model shape and
the data shape minimizing the distance between the shapes
and thereby allowing determination of the equivalence of the
shapes via a mean-square distance metric. Of key interest to
many applications is the following question: Does a segmented
region from a range image match a subset of B-spline surfaces
on a computer-aided-design (CAD) model? This paper pro-
vides a solution to this free-form surface matching problem
as defined in [3] and [5] as a special case of a simple,

Manuscript received October 30, 1990; revised May 6. 1991.

The authors are with the Computer Science Department, General Motors
Research Laboratories, Warren, MI 48090-9055.
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general, unified approach, which generalizes to n dimensions
and provides solutions to 1) the point-set matching problem
without correspondence and 2) the free-form curve matching
problem. The algorithm requires no extracted featores, no
curve or surface derivatives, and no preprocessing of 3-D data,
except for the removal of statistical outliers.

The main application of the proposed method as described
here is to register digitized data from unfixtured rigid objects
with an idealized geometric model prior to shape inspec-
tion. When inspecting shapes using high-accuracy noncontact
measurement devices [4] over a shallow depth of field, the
uncertainty in different sensed points does not vary by much.
Therefore, for purposes of simplicity and relevance to inspec-
tion applications based on thousands of digitized points, the
case of unequal uncertainty among points is not considered.
Similarly, the removal of statistical outliers is considered a
preprocessing step, is probably best implemented as such,
and will also not be addressed. In the context of inspection
applications, the assumption that a high-accuracy noncontact
measurement device does not generate bad data is reasonable
since some sensors have the ability to reject highly uncertain
measurenients.

The proposed shape registration algorithm can be used with
the following representations of geometric data:

1) Point sets

2) line segment sets (polylines)

3) implicit curves: §(z,y,2) = 0

4) parametric curves: (z{u), y(u), z(u))

5) triangle sets (faceted surfaces)

6) implicit surfaces: g(z,y,2) = 0

7) parametric surfaces: (z{u,v), y(u,v), z(u, v)).

This covers most applications that would utilize a method
to register 3-D shapes. Other representations are handled by
providing a procedure for evaluating the closest point on the
given shape to a given digitized point.

This paper is structared as follows: Several relevant papers
from the literature are first reviewed. Next, the mathematical
preliminaries of computing the closest point on a shape to a
given point are covered for the geometric representations men-
tioned above. Then, the iterative closest point (ICP) algorithm
is stated, and a theorem is proven concerning its monotonic
convergence property. The issue of the initial registration
states is addressed next. Finally, experimental results for point
sets, curves, and surfaces are presented to demonstrate the
capabilities of the ICP registration algorithm.

H. LITERATURE REVIEW

Relatively little work has been published in the area of regis-
tration {(pose estimation, alignment, motion estimation) of 3-D

0162-8828/92803.00 © 1992 1EEE

IPR2025-00218

Exhibit 2003

TESLAIV000023924

Page 119 of 257



Case 1:24-cv-00884-ADA  Document 26-9

Filed 01/09/25 Page 3 of 19

240 IEEE TRANSACTIONS ON PATTERN ANALYSIS AND MACHINE INTELLIGENCE, VOL. 14, NO. 2, FEBRUARY 1992

free-form shapes. Most of the existing literature addressing
global shape matching or registration have addressed limited
classes of shapes, namely, 1) polyhedral models, 2) piecewise-
(super)quadric models [2], [27], and 3) point sets with known
correspondence. The reader may consult [6] and [14] for pre-
1985 work in these areas. For a sampling of other more recent
related work not discussed below, see (8], [10], [12}, [13],
(19, [20], [24], (26}, [34], [35], [37], [39], [44]. [46), (48],
{53}, [58], [59].

Historically, free-form shape matching using 3-D data was
done earliest by Faugeras and his group at INRIA [18], where
they demonstrated effective matching with a Renault auto part
(steering knuckle) in the early 1980’s. This work popularized
the use of quaternions for least squares registration of cor-
responding 3-D point sets in the computer vision community.
The alternative use of the singular value decomposition (SVD)
algorithm [23], [1], [49] was not as widely known in this time
frame. The primary limitation of this work was that it relied
on the probable existence of reasonably large planar regions
within a free-form shape.

Schwartz and Sharir [50] developed a solution to the free-
form space curve matching problem without feature extraction
in late 1985. They used a nonquaternion approach to comput-
ing the least squares rotation matrix. The method works well
with reasonable quality curve data but has difficulty with very
noisy curves because the method uses arclength sampling of
the curves to obtain corresponding point sets.

Haralick et al. [28] addressed the 3-D point-set pose es-
timation problem using robust methods combined with the
least squares SVD registration approach, which provided a
robust statistical alternative to the least squares quaternion or
SVD point set matching. This algorithm is able to handle
statistical outliers and could theoretically be substituted for
our quaternion-based algorithm as long as the determinant of
the orthonormal matrix is strictly a positive one. A recent
conference proceedings [47] contains new contributions on
this subject.

Horn [31] derived an alternative formulation of Faugeras’s
method [18] of least squares quaternion matching that uses
the maximum eigenvalue of a 4 X 4 matrix instead of the
minimum eigenvalue. Horn [30] and Brou [11] also developed
the extended Gaussian image (EGI) methods allowing the
matching of convex and restricted sets of nonconvex shapes
based on surface normal histograms.

Taubin [55] has done some interesting work in the area of
implicit algebraic nonplanar 3-D curve and surface estimation
with applications to position estimation without feature ex-
traction. He describes a method of approximating data points
with implicit algebraic forms up to the tenth degree using
an approximate distance metric. Global shapes (not occluded
shapes) can be identified based on generalized eigenvalues, and
the registration transformation can be recovered. The method
is shown to be useful for complete planar curve and space
curve shapes, but it is unclear that the effectiveness generalizes
well to more complicated surfaces, such as terrain data or a
human face. Taubin has stated that the numerical methods of
the approximate distance fit tend to break down above the tenth
degree. He later [56] extended his work in shape description

by investigating shape matching based on genecralized shape
polynomials. This demonstrated some interesting theoretical
results but remains to be demonstrated for practical use on
complex suorfaces.

Szeliski [S4] also describes a method for estimating motion
from sparse range data without correspondence between the
points and without feature extraction. His primary goal was
to create a method for estimating the motion of the observer
between two range image frames of the same terrain. Given
the set of points from one frame, he applies a smoothness
assumption to create a smoothing spline approximation of the
points. Then, a conventional steepest descent algorithm is used
to rotate and translate the second data set so that it minimizes
the sum of the covariance-weighted z differences between the
points and the surface. His approach is based on a regular
zy-grid structure, and true 3-D point-to-surface distances are
not computed. The steepest-descent approach is a slower
alternative to reaching the local minima than our proposed
ICP algorithm described below. Szeliski uses optimal Bayesian
mathematics to allow him to downweight noisicr values at
longer ranges from a simulated range finder. For navigation
range imaging sensors, the uncertainty in data points vary
significantly from the foreground to the background. For high-
accuracy sensors with shallow depths of field, the uncertainty
variation between points is orders of magnitude less and is
of much less concern. Szeliski provides experimental results
for synthetic terrain data and a block. The terrain data motion
test was a simple translation along one axis: a 1-D correlation
problem. His block test did involve six degrees of freedom,
but the block is a very simple shape. Overall, this work
presents some interesting ideas, but the experimental results
are unconvincing for applications.

Horn and Harris [33] also addressed the problem of es-
timating the exact rigid-body motion of the observer given
sequentially digitized range image frames of the same terrain.
They describe a range rate constraint equation and an elevation
rate constraint equation. The result is a noniterative least
squares method that provides a six-degree-of-freedom motion
estimate as long as the motion between frames of data is
relatively small. This method is much quicker than the one
proposed by Szeliski, but it is not clear that this method
generalizes to arbitrary rotations and translations of a shape.

Kamgar-Parsi et al. [36] also describe a method for the
registration of multiple overlapping range images without
distinctive feature extraction. This method works very well
using the level sets of 2.5-D range data but is essentially
restricted to the three degrees of freedom in the plane since the
work was addressed toward piecing together terrain map data.

Li [38] addressed free-form surface matching with arbitrary
rotations and translations. His method forms an attributed
relational graph of fundamental surface regions for data and
model shapes and then performs graph matching using an
inexact approach that allows for variability in attributes as
well as in graph adjacency relationships. This scems to be
a reasonable approach but relies on extraction of derivative-
based quantitics. Experimental results are shown for a coffee
cup and the Renault auto part; see also Wong et al. [60] for
other related work using attributed graphs for 3-D matching.
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The work of Gilbert and Foo [21} and Gilbert ef al. [22]
is related in that it addresses the computation of distance
between two object shapes. Such methods could be the basis
for similar shape matching techniques as are described below.
The major inconvenience with their method, though, is that
object shapes must be decomposed into convex subbodies,
which is a problem that, in general, is not trivial for arbitrary
CAD models or for digitized 3-D data.

HI. MATHEMATICAL PRELIMINARIES

In this section, methods for computing the closest point to
a given point on the various geometric representations listed
above are described. First, the basic geometric entities are
covered, followed by parametric entities, and, finally, implicit
entities. The reader might consult Mortenson [42] on some of
the items below for additional information.

The Euclidean distance d(7,72) between the two poinis

1= (2i,y1.21) and 7y = (T2, 22) is d(71,7) =
17 = 7all = V(22 = 212 + (g2 — 1a)? + (22 — 21)%. Let 4
be a point set with N, points denoted d@,;: A = {a;} for

s..., N,. The distance between the point 7 and the point
set A is

d(f.A) = min ¢}

d(F, @;).
(Mt AP )
The closest point @; of A satisfies the equality d(§,d;) =
d(p, A).

Let I be the line segment connecting the two points 7 and
7. The distance between the point 7 and the line segment [ is

A1) = min [lur + 7, - 7] @
where w € [0,1] and v € [0,1]. The required closed-form
computations are straightforward. Let L be the set of Nj line
segments denoted /;, and let L = {I;} for ¢ =1,..., N;. The
distance between the point 7 and the line segment set L is

in__d(p.L).
win ) (B,1:)

R}

d(p, L) ()

e
The closest point §f; on the line segment set . satisfies the
equality d(p,7;) = d(p. L).

Let t be the triangle defined by the three points 7 =
(z1,31.21), 2 = (x2,¥2 22), and 73 = (23,3, 23). The
distance between the point §F and the triangle ¢ is

d(p,t) = min |{luf) + vf% + wis — 5]
utv+w=1

“

where u € 0,1}, » € [0,1}, and w € [0,1]. The required
closed-form computations are again straightforward. Let T
be the set of N, triangles denoted ¢;, and let T = {t;} for
i = 1,...,N;. The distance between the point § and the
triangle set 7" is given by
d(p, Ty = . min

(uin 4. ).

®)

The closest point §f; on the triangle set T satisfies the equality
Adp.g,) = d(p.T).
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A. Point to Parametric Entity Distance

In this section, a parametric curve and a parametric surface

u € R' should be substituted for parametric curves, and
7 = (u,v) € R? should be substituted for parametric surfaces
(R denotes the real line). The evaluation domain for a curve
is an interval, but the evaluation domain for a surface can be
any arbitrary closed-connected region in the plane. For more
information on parametric entities, such as Bezier and B-spline
curves and surfaces, see {9], [15}-{17], [42], [52].

The distance from a given point j to a parametric entity F is

d(p ) = _min_d(7.7(@). ©)

The computations to compute the distance are not closed form
and are relatively involved. One method for computing point-
to~-curve and point-to-surface distances is described below.
Sets of parametric entities are again straightforward once the
distance metric for an individual entity is implemented. Let
F be the set of N, parametric entities denoted £, and let
F = {E;} for i = 1, N.. The distance between a point p and
the parametric entity set [ is

(N
The closest point §; on the parametric entity set /' satisfies
the equality d(p.¢;) = d(p, F).

Our first step towards computing the distance from a point to
a parametric entity is creating a simplex-based approximation
(line segments or triangles). For a parametric space curve
C = {#(u)}, one can compute a polyline L(C, 6) such that the
piecewise-linear approximation never deviates from the space
curve by more than a prespecified distance §. By tagging each
point of the polyline with its corresponding u argument values
of the parametric curve, onc can obtain an estimate of the u,
argument value of the closest point from the line segment
set.

Similarly, for a parametric surface S = {r{v,v)}, one
can compute a triangle set T'(S,§) such that the piecewise-
triangular approximation never deviates from the surface by
more than a prespecified distance 6. By tagging each triangle
vertex with the corresponding (u, ) argument values of the
parametric surface, one can obtain an estimate (ug, vq) of the
argument values of the closest point from the triangle set. As a
result of these curve and surface procedures, one can assume
that an initial value @, is available such that 7(i,) is very
close to the closest point on the parametric entity.

The point-to-parametric-entity distance problem is ideal for
employing a pure Newton’s minimization approach when a
reliable starting point 4, is available. The scalar objective
function to be minimized is

fay = |17y - 7)1%. (8)

let V= [3/01])" be the vector differential gradi-
ent operator (where ¢ implies vector transpose). The
minimum of f occurs when Vf = 0. When the
parametric entity is a surface, the 2-D gradient vec-
tor is V§f = [fu,fo]’, and the 2-D Hessian matrix
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is

fu,u fuv
fuv f’U%‘
where the partial derivatives of the objective function are given
by

kur:[ ©)

Juli) = 27, (@) (732 - p) (10)
folit) = 27, (@) (i) ~ 7) (an
Juull) = 27, (@)(F(T) — ) + 27, (D)7,(@)  (12)
fool@) = 27, (D)(F(@) - §) + 2P, (@)F(T)  (13)
funl@) = 20, ()(F(T) = p) + 27, (@)7 (). (14)

The curve case requires only computation of f, and

fuw. The Newton’s update formula for either entity
is

k1 = g~ [VVI(F (i)Y [ () (1)
where iy = t,. When uvsing the starting point selection

method described above based on a simplex approximation
with a reasonably small §, Newton’s method for computing
the closest point generally converges in one to five iterations
and typically in three. The computational cost of Newton’s
method is very low in contrast with finding good starting
points.

B. Point to Implicit Entity Distance

An implicit geometric entity is defined as the zero set of
a possibly vector-valued multivariate function g(7) = 0. The
distance from a given point § to an implicit entity I is
d(p.I) = gfg,)igod(ﬁ, F) = gz,g)igo 17— - (16)
The calculations to compute this distance are also not closed
form and are relatively involved. One method for computing
point-to-curve and point-to-surface distances is outlined below.
Sets of implicit entities are straightforward once the distance
metric for an individual entity is implemented. Let J be the
set of Ny parametric entities denoted I, and J = {I;} for
k = 1.N;. The distance between a point 7 and the implicit
entity set J is

min

d{p,J) =
(7 J) ke{1,..,Nr}

d(p, Ir). an
The closest point 4; on the implicit entity I; satisfies the
equality d(p.7;) = d{p,J).

Our first step towards computing the distance from a point
to an implicit entity is creating a simplex-based approximation
(line segments or triangles) as was done for parametric entities
[7]. Computing the point-to-line set or point-to-triangle set
distance yields an approximate closest point 7+, which can be
used to compute the exact distance.

The implicit entity distance problem is quitc different from
the parametric entity case where unconstrained optimization
suffices. To find the closest point on an implicit entity
defined by G(F) = 0 to a given point 5, one must
solve a constrained optimization problem to minimize

Exhibit 2003

a quadratic objective function subject to a nonlinear
constraint

Minimize f(7) = |7 — 7||* where §(7) = 0.  (18)

One approach to this problem is to form the augmented
Lagrange multiplier system of equations {40]:

V() + NVG(F) =0 (19)
g7 =0
where V = [3/0F]° and solve this system of nonlinear

cquations via numerical methods. The number of equations
and unknowus for the nonlinear system is three for planar
curves, four for surfaces, and five for implicitly defined space
curves. Continuation methods {41] can be used to solve this
problem for algebraic entities even without a good starting
point, but a good starting point will allow the use of faster
methods, such as the multidimensional Newton’s root finding
method. From a numerical point of view, the parametric
methods are much easier to deal with. From an applied
point of view, no industrial CAD systems store free-form
curves or surfaces in implicit form. For this reason, implicit
surfaces of interest are dealt with in our implemented system
either via special casc mathematics (e.g., spheres) or via
a parametric form. Of course, if there were an application
where it was necessary to handle free-form implicit entities
in their implicit form [51], the above algorithm could be
implemented.

Taubin [55] uses an approximate distance algorithm that
implies a simple update formula for surfaces and planar curves
when g{7) is nearly zero:

-

T+l = T =

(20)

This method is only exact if the infinite line with the direction
Vg(7) at the starting point 7 intersects the implicit entity at a
point where the normal vector has that same direction. This is
not true in general, and the approximation is generally worse
the further the point is from the iroplicit entity. Therefore,
this result cannot be used if precise distance results are
required.

C. Corresponding Point Set Registration

All closest point (minimum distance) algorithms have been
mentioned in forms that generalize to n dimensions. One more
necessary procedure for vielding the least squares rotation and
translation is reviewed. For our purposes, the quaternion-based
algorithm is preferred over the singular value decomposition
(SVD) method in two and three dimensions since reflections
are not desired. The SVD approach, based on the cross-
covariance matrix of two point distributions, does, however,
generalize easily to r. dimensions and would be our method of
choice for n > 3 in any n-dimensional applications. The basic
solution of Horn [31] is described below, although the method
of Faugeras {18] is equivalent. Our summary stresses the role
of the SVD cross-covariance matrix, which is an important
relationship not discussed in other work.
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The unit quaternion is a four vector §n = [gog14293]', where
go > 0, and g8 + ¢ + ¢Z + ¢ = 1. The 3 x 3 rotation matrix
generated by a unit rotation quaternion is found at the bottom
of this page. Let ¢r = [gugsgs]® be a translation vector. The
complete registration state vector § is denoted § = [§r|qr]’-
Let P = {p;} be a measured data point set to be aligned with
a model point set X = {;}, where N, = N, and where each
point p; corresponds to the point Z; with the same index. The
mean square objective function to be minimized is

Ny

1 S o
=¥ Z IZ: — R(Gn)F: - arll®. (22

The “center of mass” [Z, of the measured point set P and the
center of mass fi, for the X point set are given by

Ny N,

o= 5 Zpt and i, = {TZ%

=1

(23)

The cross-covariance matrix ¥, of the sets P and X is given
by

N

1 = I

Z{ ~ fiz)"} = N Zb’zrﬂ - Upl‘:t'
P =1

24

The cyclic components of the anti-symmetric matrix A4;; =
(Zpe — E;,rx)ij are used to form the column vector A =
[A23  As;  Agz]T. This vector is then used to form the

symmetric 4 X 4 matrix Q(X,;)

PT: }\r

AT
Spe + EL, — (T, )5

tr(Zpz)

where I3 is the 3 x 3 idemtity matrix. The anit eigenvector
dr = l@0 @ ¢ qg]t corresponding to the maximum
eigenvalue of the matrix (X,.) is selected as the optimal
rotation. The optimal translation vector is given by

Tr = fi, — R(qr)ii, (26)
This least squares quaternion operation is ((N,) and is
denoted as

(4, dms) = Q(P, X) 27)
where d,,,, is the mean square point matching error. The nota-
tion g{ P} is used to denote the point set P after transformation
by the registration vector §.
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243

1V. THE ITERATIVE CLOSEST POINT ALGORITHM

Now that the methods for computing the closest point on
a geometric shape to a given point and for computing a
least squares registration vector have been outlined, the ICP
algorithm can be described in terms of an abstract geometric
shape X whose internal representation must be known to
execute the algorithm but is not of concern for this discussion.
Thus, all that follows applies equally well to 1) sets of points,
2) sets of line segments, 3) sets of parametric curves, 4) sets
of implicit curves, 5) sets of triangles, 6) sets of parametric
surfaces, and 7) sets of implicit surfaces.

In the description of the algorithm, a “data” shape P is
moved (registered, positioned) to be in best alignment with
a “model” shape X. The data and the model shape may be
represented in any of the allowable forms. For our purposes,
the data shape must be decomposed into a point set if it is
not already in point set form. Fortunately, this is easy; the
points to be used for triangle and line sets are the vertices
and the endpoints, and if the data shape comes in a surface or
curve form, then the vertices and endpoints of the triangle/line
approximation (as described above) are used. The number
of points in the data shape will be denoted N,. Let N, be
the number of points, lize segments, or triangles involved in
the model shape. As described above, the curve and surface
closest-point evaluators implemented in our system require a
framework of lines or triangles to yield the initial parameter
values for the Newton’s iteration; therefore, the number NV, is
still relevant for these smooth entities but varies according to
the accuracy of the approximation.

The distance metric d between an individual data point 7
and a model shape X will be denoted

d{7, X) = mun |iT — g||. (28)
FeX

The closest point in X that yield% Ihe minimum distance is
denoted ¥ such that d{p,7) = d(p, X), where ¥ € X. Note
that computing the closest pomt is O( N.) worst case with
expected cost log (N, ). When the closest point computation
(from p'to X) is performed for each point in P, that process is
worst case O(Np N, ). Let Y denote the resulting set of closest
points, and let C be the closest point operator:
Y =C(P.X). (29)
Given the resultant corresponding point set Y, the least squares

registration is computed as described above:

(30)

The positions of the data shape point set are then updated via
= q(P).

9%+ ¢ - ¢ - 4
2(q192 + qoq2)
2(q1q3 — Gog2)

R=

IPR2025-00218

o2((11qz - q)o(Is)
B+E-d -4
2(g293 + qo0q1)
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2(q193 + goq2)
2(g2q3 ~ qoq1)
@ +a3-d - e

1)
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A. ICP Algorithm Statement
The ICP algorithm can now be stated:

* The point set P with N, points {#;} from the data shape
and the model shape X (with N, supporting geometric
primitives: points, lines, or triangles) are given.

» The iteration is initialized by setting Py = P, § =
[1,0,0,0,0,0,0]* and & = 0. The registration vectors
are defined relative to the initial data set Py so that the
final registration represents the complete transformation.
Steps 1, 2, 3, and 4 are applied until convergence within
a tolerance 7. The computational cost of each operation
is given in brackets.

a. Compute the closest points: Y, = C(Py, X)) (cost:
O(N, N, ) worst case, O(N, log N,.) average).

b.  Compute the registration: (g, dy) = Q(Fo.Y%:)
(cost: O(Np)).

c. Apply the registration: Py = gi(Fp) (cost
O(IV,)).

d. Terminate the iteration when the change in mean-
square error falls below a preset threshold 7 > 0
specifying the desired precision of the registration:
di — digs1 < T,

If a dimensionless threshold is desired, one can replace 7
with 7\/tr(X.), where the square root of the trace of the
covariance of the model shape indicates the rough size of the
mode] shape.

B. Convergence Theorem

A convergence theorem for the ICP algorithm is now stated
and proved. The key ideas are that 1) least squares registration
generically reduces the average distance between correspond-
ing points during each iteration, whereas 2) the closest point
determination generically reduces the distance for each point
individually. Of course, this individual distance reduction also
reduces the average distance because the average of a set of
smaller positive numbers is smaller. We offer a more elaborate
explanation in the proof below.

Theorem: The iterative closest point algorithm always con-
verges monotonically to a local minimum with respect to the
mean-square distance objective function.

Proof: Given Py = {Fi} = @(P) and X, compute the
set of closest points Y, = {45} as prescribed above given
the internal geometric representation of X. The mean squared
error ¢, of that correspondence is given by

N,

1 2
e = Fire — Dir]|”- 31
TR ;Hu» Pk | (3D
The Q operator is applied to get g and di from that corre-

spondence:
N,

1 - N o
d = N, Z Tk — R(Gur)Pio — Gor||°-

i=1

(32)

It is always the case that di < ;. Suppose that d;. > ey. If
this were so, then the identity transformation on the point set

would yield a smaller mean square error than the least squares
registration, which cannot possibly be the case. Next, let the
least squares registration g be applied to the point set Fj,
yielding the point set Py . If the previous correspondence to
the set of points Y, were maintained, then the mean square
error is still dy, that is

N

1 2
dy = — Jik = Pietr]l”- 33
L ;Hyk Dokl (33)
However, during the application of the subsequent closest

point operator, a new point set Yii1 is obtained: Y1y =
C(Prt1,X). It is clear that

because the point ¢, was the closest point prior to transforma-
tion by g and resides at some new distance relative to g k1.
i i k1 were further from p g1 than g, then this would
directly contradict the basic operation of the C closest point
operator. Therefore, the mean square errors €, and d; must
obey the following inequality:

(3%)

The lower bound occurs, of course, since mean-square €1rors
cannot be negative. Because the mean-square error sequence
is nonincreasing and bounded below, the algorithm as stated
above must converge monotonically to a minimum value.
QED.

Experimentally, we find fast convergence during the first
few iterations that slows down as it approaches the local
minimum. Even at this slow pace, somewhere between 30
and 50 iterations yields excellent results: dy = 0.1% of model
shape size. The convergence can be accelerated using a simple
additional operation described in the next section.

C. An Accelerated ICP Algorithm

The accelerated ICP algorithm uses a minor variation on
the basic line search methods of multivariate unconstrained
minimization {45]. As the iterative closest point algorithm
proceeds, a sequence of registration vectors is generated: §i,
G2, 43, G4 955 G6, - - -» Which traces out a path in the registration
state space from the identity transformation toward a locally
optimal shape match. Consider the difference vector sequence
defined by

H
1

Adi = Gk — (36)

D
=

k-1

which defines a direction in the registration state space. Let
the angle in 7 space between the two last directions be denoted

- AGe A1 )
6, = cos™! (--—--——--—--—4 T
g 1AG TAG 1]

and let 86 be a sufficiently small angular tolerance (e.g., 10°).
If

(37)

. < 68 and .., < 66 (38)

then there is good direction alignment for the last three
registration state vectors: gk, qx—1, and gr—o. Let dy, dj—1,
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ICP Algorithm |
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\\ 7-D Space e

\ Lincar Approximsation

\
Parabola Update

~

Consistent direction allows acceleration of the ICP algorithm.

Fig. 1.

and di_» be the associated mean square errors, and let vy,
Vk—1, 4nd vz _g be associated approximate arc length argument
values:

U = 001 = ~[JAG, vz = ~[|AGuoy || + vy, (39)

See Fig. 1 for a picture of the situation. Next, a linear
approximation and a parabolic interpolant to the last three
data points are computed:

d[(’v) =01V + by dz(’l})‘ = (12’02 + byv + Ca (40)
which gives us a possible lincar update, based on the zero
crossing of the line, and a possible parabola update, based on
the extremum point of the parabola:

V1= ~bfag >0 vy = —by/2a,. 41)
To be on the safe side, we adopt a maximum allowable value
Umax. The following logic is used to perform an attempted
update:

HIFO < vy, < Vi < Vmax OF 0 < 9y < wpgay <
U1, use the parabola-based updated registration vector:
Tk = Gk + 1208 /|| AG|| instead of the usual veetor
@x when performing the update on the point set, i.c.,
Por1 = §i().

Q)0 <oy < V2 < Umax OF 0 < vy < vy < vy Or
vy < and 0 < 1y < Umax, use the line-based updated
registration vector § = g, + v1AG/[|Adk|| instead of
the usual vector k.-

3) If both vy > vy,, and V2 > Umax, use the maximum
allowable update ¢, = g, + VnaxAGk /|| AJk]| instead
of the usual vector g.

We have found experimentally that Setting vy = 25(|Adh||
adaptively has provided a good sanity check on the updates
allowing the iterative closest point algorithm to move to the
local minimum with a given degree of precision in many fewer
steps. A nominal run of more than 50 basic ICP iterations for a
given value of 7 is typically accelerated to 15 or 20 iterations.
If the updated registration vector were somehow to over-
shoot the minimum enough to yield a worse mean square
error, it would be advaniageous to construct a new parabola
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Fig. 2. Various quantities plotted against iteration count for the bhasic
nonaccelerated ICP algorithm.

using the new registration with the last two steps and move
to the appropriate minimum. This has not been necessary in
our experience. To be rigorous, one can simply ignore the
suggested update if it causes a worse mean square error.

To give a quantitative example comparison, the regisiration
values, RMS error, maximum error, angular change, and cu-
mulative arc length values were recorded during 50 iterations
of both the basic and accelerated ICP algorithms during the
same free-form surface matching test. The results for the basic
ICP algorithm are shown in Fig. 2. Note the smooth character
of all the curves. The most important feature is that the cos(66)
plot indicates a consistent direction of updates for all but the
first few iterations. In contrast, the accelerated ICP algorithm
shows the desirable jumpy behavior as seen in Fig. 3. In
addition, note how most quantities get close to their final
values after the first acceleration step and very close after two.
The acceleration steps occur whenever a V-shaped dip occurs
in the plot of cos(66) versus the iteration count.

D. Alternative Minimization Approaches

The ICP algorithm allows us to move from a given starting
point to a local minima in 7 space relatively quickly in
comparison with other possible alternatives. Each iteration
requires only one evaluation of the closest point operator:
the most expensive computation. Any optimization method
that does not use explicit vector gradient estimates, such
as Powell’s direction set method, the Nelder-Mead downhill
simplex method, or simulated anncalling, requires literally
hundreds to tens of thousands of closest point evaluations.
These numbers are based on tests done to simulate the action
of the least squares registration step involved in one ICP
iteration but using instead Powell’s direction set method and
the Nelder-Mead method from [45].
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Fig. 3. Various quantities plotted against iteration count for the accelerated
ICP algorithm.

Any optimization method that uses explicit vector gradients,
such as steepest descent, conjugate gradient, and variable
metric schemes, will require at least seven closest point
evaluations for each numerical gradient evaluation. Therefore,
such a method would have to converge in three or four
iterations to be competitive with the accelerated ICP method.
Such generic methods generally require many more than three
iterations with the number of required closest point evaluations
running well over 100 even in ideal circumstances. If a pure
numerical Hessian-based Newton’s method were used, the
numerical gradient and Hessian computations would require
at least 13 closest point evaluations per iteration, implying
that the iteration would have to converge in two iterations
to be competitive with the accelerated ICP algorithm. A pure
Newton’s method might require only three iterations if the
initial point were already well into the region of attraction
surrounding a local minimum, but the initial iterations would
not be handled well by Newton’s method.

Whenever an accelerated parabolic update takes place after
three basic ICP steps, we can get nearly quadratic convergence
for less than stecpest descent cost. This is an interesting
accomplishment for a function where derivatives cannot be
evaluated. Note that the steepest descent gradient direction
is not deliberately computed; we merely observe when a
comsistent direction is being followed.

Other problems involved with using general-purpose op-
timization methods are the following: 1) If any angles are
used as in [54], angular cycles across 360° must be handled
correctly, and 2) if a unit quaternion becomes a nonunit quater-
nion, as would be expected taking arbitrary direction steps
in 4 space, the quaternion must be renormalized somewhere.
Unfortunately, if the objective function evaluator changes the
values in the state vector during the optimization iteration, this

Exhibit 2003

has a bad effect on most nonlinear optimization algorithms.

To summarize, any method that allows one to move from
an initial state to its corresponding local minimum could
theoretically be used in place of the ICP algorithm. For
example, consider Szeliski’s [54] work with steepest descent
and three rotation angles. However, the arguments above
indicate that one would have a hard time trying to find an
algorithm that was only ten times slower on average. The key
benefit of the ICP algorithm is that the convergence is fast and
monotonic. No expensive closest point evaluations are spent
on registration vectors that have worse mean square errors than
the current state. Because of the ICP convergence theorem, one
does not have to “feel around” in the muitidimensional space
to determine the direction in which to move.

V. THE SET OF INITIAL REGISTRATIONS

Even though the ICP algorithm must converge monotoni-
cally to a local minimum from any given rotation and trans-
lation of the data point set, it may or may not converge on
the desired global minimum. The only way to be sure is to
find the minimum of all the local minima. The problem with
reaching the desired global minimum with certainty is that it
is difficult to precisely characterize in general the partitioning
of the registration state space into local minima wells (regions
of attraction) because this partitioning is potentially different
for every possible different shape encountered.

To be precise, consider a 6-D state space {2, where the
quaternion component gy is determined from the other quater-
nion components: gg = +/1~ (¢* + g2 +¢3). The actual
slate space (2 is a subset of the space ¥ = [-1,1]% x R3,
where R = (—oc,+00) is the real line. The subset 2 is
specified by the “inside or om the unit 3 sphere” constraint
that ¢? + g% + q3 < 1. Therefore,  may be viewed as a type
of hyper-cylinder in 6 space.

For any given nonpathological shape X that represents
a real-world surface or object {e.g., pathological shape de-
scriptions based on sin(1/x) near zero not allowed) and for
any given point set Preg already correctly registered with
X, consider that any initial state ¢ € Q of the point set
P = §(Ireg) will converge to a local minimum as it is
matched to X. There are a finite number of local minima
N (X, P) after one has fixed X and P. (The shape X is
considered pathological if this is not true.) Let U(X, P) be
the set of all local minima:

U(X, Py = {¢n}hm. (42)

This induces a natural partitioning of 2 into equivalence
classes, labeled ¥,,, where every value of § that converges
via the ICP algorithm to 4, is a member of the class ¥,,.
This allows us to state that
Now
Q= U Y, and ¥, MY, =¢ifn#m.

n=1

(43)

Let W, be the equivalence class that maps to the correct global
minimum ;.

To guarantee that the global minimum is found for a given
shape X and a given set P not already registered with X, one
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must use an appropriate sct of initial states so that transforming
P by at least one initial registration will place the point set
into the correct equivalence class ¥ of registrations. This
allows it to converge to the correct global minimum ;. Two
fundamental questions are 1) how to construct an initial set
of states for any given object that guarantees a correct global
minimum and 2) how to construct an initial set of states that
guarantees all shapes in a given class of shapes when those
shapes converge to the correct respective global minimum.

By using a sufficiently dense uniform sampling of quater-
nions on the unit sphere combined with a sufficiently dense
sampling of translation vectors occupying the total volume
about the shape X, it is possible to determine the complete
finite set of local minima with a sufficiently small probability
of error for one given object. One could construct a set of
initial states to include all these local minima solutions along
with the halfway states between the k nearest neighbors (e.g.,
k = 12) to attempt to avoid having a set of initial states that
lie on or near the boundaries between the equivalence classes.

A method that could be useful for computing guaranteed
initial states for a set of model shapes is to use a 6-D
occupancy array to compute hypervoxel-based descriptions
of the equivalence classes for each shape of interest and
then computing an overall partitioning by refining the first
shape’s partition by intersecting the equivalence classes of
each subsequent shape. Such methods can be very memory
intensive; a 20 x 20 x 20 x 20 X 20 x 20 hypercubic-hypervoxel
grid of the smallest hypercylinder containing all relevant
registrations of all shapes of interest requires an 8-Mbyte
(64 Mb) array for a single object. Clearly, this is a test of
patience for anyone wishing to construct an initial set of states
customized to a given set of objects to yield guaranteed results,
but indeed, it is possible and relatively straightforward, except
for the high dimension of the problem.

A. Initial States for Global Matching

There are simpler methods of dealing with the initial state
problem that are very effective on most shapes one comes
across. Let us adopt the following definition of the first two
moments of the distribution of geometry in P and X: f, =
Blfifi € P, i, = EF7 € X), 5, = E[(5~i,) (5~ )17 €
Pl and %, = E[(F — j.)(F — i)'} € X], where E[]
represents the sample expectation (averaging) operator. If the
point data set P covers a significant portion of the model
shape X such that the condition

a1Vir(X,) < Vir(Ep) < Vir(Ss)

holds for a sufficiently large factor, say a; = 1/v/2 = 0.71,
then we have found that it is generally not necessary to use
multiple initial translation states, as long as enough rotation
states are wsed. This factor «; is the allowable occlusion
percentage for global matching. The exact value of «; could be
computed for any given class of object shapes via exhaustive
testing if that is desired.

There are two reasonable options for the initial translation
state: 1) Apply the ICP algorithm directly 1o the point set P
using multiple rotation states about its center of mass /i, or

(44)
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2) transform it first so that the centers of mass of P and X
coincide, and then apply ICP. We have found no differences
in the final registration results between 1) not translating and
2) pretransiating the point set when using an adequately large
set of initial rotations (e.g., 24). In fact, any translation state
suffices because the ICP algorithm is very insensitive to the
initial translation state when used for global shape matching.
We have observed that pretranslating the data point set’s center
of mass to the model shape’s center of mass generally saves
a few iterations (e.g., 2 to 4) out of the usual 20 or so total.

A further simplification in the global shape matching al-
gorithm can be accomplished for most generic shapes, where
principal moments demonstrate some level of distinctness. Let
Pz > py 2> p. be the squarc roots of the eigenvalues of ¥,
and let 7, > r, > 7, be the square roots of the eigenvalues
of 3,. If the following sets of conditions hold:

(45)

Py < ope p: S apy
< (46)

7y < oty 7, < ary
for a specified value of s, €.g., oy = 1/\/5 =~ 0.71, one
can reliably match the basic shape structure of data and model
using only the eigenvectors of the matrices £, and X,. Again,
the exact value of «y could be computed for any given set of
objects and any given level of sensor noise via exhaustive
testing if needed. In this case of eigenvalue distinctness,
the identity transformation and the 180° rotations about the
eigenvector axes corresponding to 75, ry, and r; provide a
very good set of only four initial rotations that will yield the
correct global minimum for a wide class of model shapes.

If two of the three eigenvalues are approximately equal but
significantly different from the third for both data and model
shapes, the number of initial states need only be expanded for
rotations about the nonambiguous axis, thereby reducing the
total number of initial rotational states.

If neither of the above cases for global matching hold true
(i.e., pr = py = p, and 7y =~ ry = 7.), then one must use a
fine sampling of quaternion states that cover the entire surface
of the northern hemisphere of the unit 4 sphere uniformly.

The rotation groups of the regular polyhedra, which have
been well known to crystallographers since the 1800’s [29],
provide a convenient set of uniformly sampled initial rotations:
(a) 12 tetrahedral group states, (b) 24 octahedral/hexahedral
group states, and (c) 60 icosahedral/dodecahedral group states.
The tetrahedral states are a proper subset (subgroup) of the
octahedral/hexahedral states and the icosahedral/dodecahedral
states. The octahedral/hexahedral states are not properly con-
tained in the icosahedral/dodecahedral states. For a convenient
listing of these rotations in quaternion form, see Appendix A
of [32].

From an implementation point of view, one has the option
of using precomputed lists or nested loops. For the nested
loop case, all normalized combinations of ¢p = {1,0}, ¢1 =
{+1,0,=1}, 92 = {+1,0,—1}, and g3 = {+1,0, —1} provide
an easy-to-compute set of 40 rotation states that includes the
tetrahedral and the octahedral/hexahedral groups. (One must
ensure that the first nonzero quaternion component is positive
to avoid duplication of states.) For a really complicated set
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of shapes, all normalized combinations of gy = {1,0.5,0},
¢ = {+1,0.5,0,-0.5, -1}, g2 = {+1,0.5,0,-0.5,—1},
and g3 = {+1,0.5,0,-0.5,—1} provides another easy-to-
compute set of 312 initial rotation states. Another scheme for
a very dense sampling of states is to refine the 60 states of
the icosahedral group by subdividing triangles using a 1 to 4
split and using an increased number of rotations about each
axis specified by each vertex of the refined icosahedron.

The general rule of thumb is the more complicated the
object, the more initial states required. Any method of getting
a sufficiently dense, uniform distribution of quaternions over
the northern hemisphere of the unit 4 sphere (or over the
full interior and surface of the unit 3 sphere) is adequate. In
general, every application may want to use a customized set
of initial quaternions that will maximize the probability of
choosing a good starting point early for the shapes of interest.

B. A Counter Example

Although the above methods for global shape matching will
work very well for many shapes with a small probability of
error, we can also state categorically that for any given fixed
set of initial rotation states, one can construct a shape X that
cannot be correctly registered by the algorithm. Begin with
a sphere of radius R. Add a thin spike of length S to the
surface of the sphere for cach specified axis and for each
rotation about that axis as indicated by the fixed set of initial
rotation states. Next, add one or more spikes of length S + ¢
anywhere that the extra spikes will fit. If the extras will not
fit, make the original spikes thinner. Then, sample points on
the surface of this shape with any desired scheme so that there
is at least one point per spike, including one at the tip of each
spike. The ICP aigorithm combined with the given fixed set
of initial rotation states will not be able to register a generic
repositioning of this point set with the original object in such a
way that the longer (or shorter) spikes are correctly registered
with each other. It can safely be predicted that the proposed
registration algorithm will have difficulty correctly registering
“sea urchins” and “planets.” These shapes are characterized
as having almost exactly equal eigenvalues of the covariance
matrix £ and as having small shape features at a fine scale
relative to the overall shape. Of course, for any given fixed set
of object shapes, the set of initial rotations can be increased
to guarantee correct registration.

C. Local Shape Matching

The proposed registration algorithm is definitely not useful
if only a subset of the data point shape P corresponds to
the model shape X or a subset of the model shape X, that
is, the data point set includes a significant number of data
points that do mot correspond to any points on the model
shape. Unfortunately, this is a trait of the majority of the
shape matching algorithms that have ever been implemented.
Moreover, this is a common problem in computer vision since
data segmentation algorithms often misgroup one sct of data
points with another distinct group of points that should not be
grouped together.
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The ICP algorithm is still useful for local matching problems
where the entire set of data points P matches a subset of
the model shape X. The drawback is that more than one
initial translation must be used, which increases the cost of
computing the correct registration. If N, is the number of
initial translation states, N, is the number of initial rotation
states, and each closest point evaluation of P relative to X
costs O(N,N,), in the worst case, the total cost of local
matching is O(NN,N;Np) as opposed to the cost of global
matching O(NyN,Np). The number of initial translations is
also dependent on the relative size of the data point set P
compared with the model shape X. By defining a quantity n
as the ratio of the “sizes” of the data and model shapes

_ m(X)
n= oy 21 (47

where m(-) is a general measure that measures approximate
1) arc length if X is a curve, 2) area if X is a surface, and 3)
volume if X is a volumetric point configuration, then one can
estimate the basic qualitative behavior of the required number
of translation states as Ny = ¢(X )y for most shapes, where
¢{X) is an approximate proportionality factor that depends on
the complexity of the shape X being matched.

Computing such an estimate m(X) is straightforward for
the shape X, but evaluating m(P) is more difficult because P
may simply be a point set, and the corresponding length, area,
and volume on the shape model X is unknown. One can use
a convex hull, surface Delaunay, or closest point connection
algorithm to get accurate measures for volumes, areas, and
arc lengths, but it is more likely that one would design an
algorithm to tolerate up to a particular percentage of occlusion,
and a fixed set of translations would be computed to handle
all objects in a given class of objects with up to that level of
occlusion. Examples of local shape matching are demonstrated
in the next section.

V1. EXPERIMENTAL RESULTS

This section is divided into three sections: 1) point set
matching, 2) curve matching, and 3) surface matching. All
programs were written in C. Any quoted approximate times are
given for execution on a single-processor computer rated at 1.6
Mflops on the 100 x 100 double-precision Linpack benchmark.

A, Point Set Matching

In this section, we demonstrate the ability of the ICP
algorithm to perform local point set matching without cor-
respondence. Table I lists a point set with eight points that
is to be matched against a set of 11 points. Fig. 4 shows the
two point sets prior to registration. Fig. 5 shows the two point
sets after registration by the ICP algorithm after six iterations,
which took less than 1 s. The computed registration is

-48.078 6.65685 119.478
{0.0321865 0.998188 -0.0508331)
55.7188 degs

0.437608 mm

Translation:
Rotation Axis:
Rotation Angle:
RMS Error:

The algorithm does not pay attention to the extra points or
to the ordering of the points because it always pairs a given
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Fig. 4. Sct 1 and set 2 prior to registration.
i
|
¢
Fig. 5. Set 1 and set 2 after ICP registration.
TABLE i
TWO 3-D POINT SETS: SET 1 1S A SUBSET OF SET 2
rl yl z1 X2 y2 22
43.89 -5.88 106.99 72.78 7.12 146,10
42.02 20.52 112.52 76.19 24.80 148.67
42.01 25.39 113.25 76.21 18.28 147.20
4495 4.69 112.60 72.71 17.69 148.09
44.12 17.96 115.15 70.67 4.62 14595
48.26 -1.37 113.59 64.38 -5.40 143.59
46.28 7.03 114.58 72.47 1.16 143.85
47.00 1852 117.65 69.82 19.81 148.32
77.00 25.00 150.00
80.00 -10.0 140.00
83.00 30.00 145.00

point on the first set to the closest point on the other set. Only
one initial rotation state and one initial translation state were
used in this example of local matching. In general, one must
use an initial set of rotations combined with an initial set of
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translations to achicve local matching. Compared with basic
point set matching, which requires the same number of points
listed i direct correspondence, we are essentially trading off
additional CPU time for local matching capability and point
order insensitivity,

1) Computational Issues: If onc were to use a brute-force
tree search (testing every possible correspondence and choos-
ing the best one) in order to find the best match, this type
of registration would require (N—:\%T operations of the basic
least squares quaternion match. For the simple example of
local matching above with V, = 8 and N, = 11, a brute
force test would require 6 652 800 quaternion registration
operations. The above registration required only six operations
since the initial state was already a member of the equivalence
class of the global minimum. Even with 24 initial translation
states and 60 initial rotation states allowing ten iterations for
each combined initial state, we would require only 14 400
operations to provide an exhaustive and very capable matching
ability. Moreover, it only takes a few minutes for these types of
small point sets. The compautation reduction ratio of the ICP
algorithm compared with brute-force testing for this simple
case is 462:1. Of course, other alternatives are possible, but
we see that considering 1440 initial states is not unreasonable
when the ICP algorithm is used to move from initial state to
local minimum.

In the African mask example in the surface section below,
we accurately registered a point set with N,=2500 points
to a point set with N,=4200 points using 60 initial rotation
states in less than 8 min. The amount of brute-force enumer-
ation testing required for this case is ridiculously large; more
than 1700%59%(> 107590) operations are required. Even at 1
TeraOp/s (1012) for the age of the universe 10'® s, this exact
brute-force enumeration of all possible combinations would
require well over 102°0 universe lifetimes!

B. Curve Maiching

In this section, the ability of the ICP algorithm to do local
free-form curve matching is demonstrated. A 3-D parametric
space curve spline was defined as a linear combination of
cubic B-splines and control points. A copy of it was translated
and rotated to be relatively difficult to match. The rotated
and translated curve was converted to a polyline description
with 64 points. Each x,y, 2 component of each point of the
polyline was then corrupted by zero-mean Gaussian noise with
a standard deviation of ¢ = 0.1 (compared with a curve size
of 2.3 x 2 x 1 units). The £30 range of 0.6 units is clearly
visible compared with the size of the object. We then cut off
over half of the noisy polyline leaving a partial noisy curve
shape. Fig. 6 shows the two space curves prior to registration.
Fig. 7 shows the two space curves after ICP registration using
12 initial rotation states and six initial translation states for a
total of 72 initial registration states. If the registration to move
the curve away from the original curve is post-multiplied by
the registration recovered using the ICP algorithm, we should
obtain a matrix close to the identity matrix except for the
effects of noise. The match of the partial noisy curve to the
original spline curve yielded the following registration matrix,
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Fig. 6. Idcal and a partial noisy space curve before registration.

B |

Fig. 7. ldeal and a partial noisy space curve after registration.

which is very close to the identity matrix:

Translation: 0.023540 0.006925 =0.015471
Rotation: 0.999925 -0.012227 ~0.001007
Matrix: 0.012262 0.998647 0.050550
0.000387 -0.050557 0.998721

C. Surface Maiching

In this section, the ability of the ICP algorithm to register
free-form surface shapes is demonstrated.

1) A Bezier Surface Patch: A simple parametric Bezier sur-
face patch was constructed for quick testing of the free-form
surface matching capability of the ICP algorithm. A set of
250 randomly positioned points was evaluated in the interior
of the domain of the surface patch and translated and rotated
in a random manner. The points of this point set are connected
by lines indicating the point list sequence; they do not indicate
line geometry to be matched. The surface patch is drawn
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Fig. 8. Noisy point set and surface patch prior to registration: 250 points
matched to 450 triangles.

Fig. 9. Noisy point set and surface patch after registration.

via isoparametric lines indicating 450 triangles and fits in a
3 x 3 x 1 units box. Following the space curve example, 3-
D vector noise with a standard deviation of 0.1 units in each
direction was added to the point set data to create a noisy
point set. The surface patch and the noisy point set are shown
prior to registration in Fig. 8. After running the ICP algorithm
with same 24 initial rotation states for a total of about 3 min,
we obtained the result shown in Fig. 9. The initial positioning
transformation multiplied by the recovered transformation for
the noisy point set yields the following approximate identity
transformation:

Translation: -0.057329 0.013923 0.018430
Rotation: 0.999357 0.034041 0.011264
Matrix: -0.033883 0.999328 -0,013935
-0.011731 0.013545 0.999840

This demonstrates that global matching under noisy condi-
tions works quite well.

A subset of 138 noisy points was used to test the local
matching ability. The surface patch and the noisy point subset
are shown prior to registration in Fig. 10. After running the
ICP algorithm with 24 initial rotation states and six initial
translation states for a total of about 6 min, we obtained
the result shown in Fig. 11. The initial positioning trans-
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Fig. 10. Noisy point subset and surface patch prior to registration: 138 points
and 450 triangles.

Fig. 11.

Noisy point subset and surfuce patch after registration.

formation multiplied by the recovered transformation for the
noisy point subset yields the following approximate identity
transformation:

Translation: -0.166476 0.159480 0.128289
Rotation: 0.990806 0.113548 0.073548
Matrix: -0.113595 0.993521 -0.003545
~0.073474 -0.004842 0.997285

This matrix approximation to the identity is much less
precise than the global matching case, but the data is so noisy
and the shape is so featureless that we found it surprising that
the registration came out as well as it did.

2} The NRCC African Mask: In this experiment, range data
from the National Research Council of Canada’s African
mask example was obtained using the commercizally available
Hyscan laser triangulation sensor from Hymarc, Lid. A low-
resolution 64 x 68 gridded image was computed from the
original data set for use in our experiments and is shown in
Fig. 12. This data will serve as the model surface description
with 8442 triangles (4221 quadrilateral polygons). A thinned
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Fig. 12. Model surface: Range image of mask: 8442 triangles.
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Fig. 13. Data: Rotated and translated point set of mask: 2546 points.

version of the measured data point set containing 2546 points
is used as the data point set and is shown as scan lines in a
test registration view in Fig. 13.

All trial positionings of the 90-mm object, including the
one shown above, converged to the correct solution in about
10 min, and all cases had a 0.59-mm RMS error. This includes
six iterations worth of testing on each of 24 initial state vectors
and full iteration on the best state of the six initial iterations. A
side view of both the digital surface model and the measured
point set as registered is shown in Fig. 14. The registration
is quite accurate.

A Bezier surface patch model of the mask was created to
test the parametric surface matching capability on the given
shape. This model is shown in in Fig. 15. The point set
in various rotations and translations was then registered to
the parametric surface model. We had expected about a 1.2-
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i

W

Fig. 14. Side view of range image model and registered point set.

mm s distance, but the final solution had a 3.4-mm rms
distance. After examining the results closely, we discovered
that surfaces had not been created in regions where there were
measured points. Note the extra data points for which there
was ne possible surface correspondence and the evidence of
misregistration in Fig. 16. Overall, this match was not bad
considering the circumstances. After a post-processing step
to ignore any measured points whose point-to-surface vectors
were not within a few degrees of the surface normal at the
corresponding points, the misregistration disappeared, and the
data locked in on the surface with the expected rms distance.
Although the ICP algorithm is not designed to handle data
points that do not correspond to the model shape, one can
conclude that a minor misgrouping of nearby points will
usually have a minor effect. Another important point to keep
in mind is that the matching algorithm does not care about
the partitioning of the composite surface model into separate
surface patches.

As a final test on the mask, about 30% of the points from
the measured data point set were deleted as shown in Fig.
17. The registration algorithm locked in on the solution and
gave a slightly improved rms distance in less time than the
full data set.

3) Terrain Data: For the final set of experimental results,
some terrain data for an area near Tucson was obtained from
the University of Arizona. Fig. 18 shows a shaded image
of the rugged terrain. The dimensions of the model surface
are 6700 x 6840 x 1400 units. A point set was extracted
by performing 56 planar section cuts at regular intervals
along one axis and then thinning out the data using a chord
length deviation check. An interior section of this data set
was extracted such that about 60% of the surface arca of
the original data set was covered. The resulting data set
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Fig. 15. Surface patch boundaries of a set of parametric surfaces; 97 cubic
Bezier patches.

e
v

Fig. 16. Side view of parametric surface model and registered point set.

contained 13 635 points and is shown in Fig. 19. The data
point set was then lifted above the model surface and rotated
to be approximately orthogonal to the model set as shown
in Fig. 20. The ICP algorithim performed local matching to
the model surface using 24 initial rotations and one initial
translation. The registration process for these larger data sets
took about 1 hr. The results are shown in Fig. 21. The
initial positioning transformation multiplied by the recovered
transformation yields the following approximate identity trans-
formation, which demonstrates that surface matching for very
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Fig. 18. Model surface: Rugged terrain near Tucson, AZ: 45 900 triangles.

complex surface shapes works quite well:

Translation: -11.330336 1.404177 0.934043
Rotation: 0.999994 0.003308 -0.000231
Matrix: -0.003309 0.999994 -0.000505
0.000230 0.000505 1.000C00

VII. CONCLUSIONS

The iterative closest point (ICP) algorithm is able to register
a data shape with N, points to a model shape with N,
primitives. The model shape can be a point set, a set of
polylines, a set of parametric curves, a set of implicit curves,
a set of triangles, a set of parametric surfaces, or a set of
implicit surfaces. Any other type of shape representation can
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Fig. 19. Data: Rugged terrain near Tucson, AZ: 13 655 points.

Fig. 20. Data and model of rugged terrain prior to registration.

Fig. 21.

Data and model of rugged terrain after registration.

be incorporated if a procedure for computing the closest point
on the model shape to a given point is available. If a data shape
were to come in a form other than point set {form, a dense set
of points on the data shape can serve as the data point set.
The accelerated ICP algorithm converges to a local mini-
mum quickly in comparison with generic nonlinear optimiza-
tion methods. It is fast enough that global shape maltching
can be achieved using a sufficiently dense sampling of unit
quaternions used as inilial rotation states, and local shape
matching can be achieved by combining a sufficiently dense
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sampling of relevant translations. The complexity of a single

ICP iteration is O(NN,N,.) in the worst case. For N, initial

translations and N, initial rotations, the overall worst case

complexity of local matching is O(N N,N,N,).

The advantages of the ICP shape matching algorithm are

as follows:

» It handles the full six degrees of freedom.

¢ It is independent of shape representation.

* The surface patch or curve segment partitioning of para-
metric or implicit entities is essentially ignored by the
matching procedure. This is important for using CAD
data in ils native form without elaborate user-guided
preprocessing.

« It does not require preprocessing of 3-D point data,
such as smoothing, as long as the number of statistical
outliers is near zero. This is usually the case with accurate
noncontact sensors used for inspection purposes.

* It does not require any derivative estimation or any local
feature extraction.

* Almost all aspects of the algorithm are ideally suited
for coarse-grain or fine-grain parallel architectures. For
large problems, even remote execution procedures and
distributed file systems on networks of workstations can
provide worthwhile speedup without significant overhead.

* Global matching is achieved at predictable cost based on

shape complexity.

Local matching is achieved at predictable cost based

on shape complexity and the percentage of allowable

occlusion.

It can handle a reasonable amount of normally distributed

vector noise, with standard deviations of up to 10% of

object size demonstrated above.

* The method generalizes to n dimensions by substituting
the SVD algorithm [23] for the quaternion algorithm with
the added feature that reflections are allowed.

* The method can be made statistically robust by substitut-
ing iterations of the SVD-based algorithm by Haralick ef
al. [28] for the quaternion algorithm to identify outliers.
The increased computational requirements are significant.

¢ It can easily be used in conjunction with other algorithms,
such as the covariance matrix alignment, which preorient
the data so that fewer initial rotation states are necessary.

* Shapes with three sufficiently distinct principal moments
(eigenvalues) can be globally matched at a cost of only
four initial rotation states.

* It is relatively insensitive to minor data segmentation
errors as indicated by the performance of the registration
of points with the African mask parametric surface model.

* The results of the last iteration of closest point registra-
tion can be used directly as inspection results since the
distance to the closest point on a surface is computed as
a byproduct.

* The accelerated ICP algorithm can achieve Newton-type
quadratic convergence steps at less cost than a numerical
steepest descent step. No time is spent evaluating the
objective function to find worse mean square errors off
the path to the local minimum goal.
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The disadvantages of the ICP shape matching algorithm are

as follows:

¢ It is susceptible to gross statistical outliers unless a
statistically robust method is substituted at some point
(either in preprocessing or registration computation) for
outlier detection.

* The fast least squares quaternion and SVD methods are
not so easily adapted to weighted least squares extensions,
meaning that it is difficult to extend the fast algorithm to
allow the assignment of unequal uncertainties to points,
as was done in [54]. This is not a major inconvenience
for inspection applications but would yield noticably
suboptimal results for navigation laser radars and long
depth of field triangulation systems, where uncertainty
increases significantly with range.

* The cost of local matching can get quite large for small
allowable occlusion percentages, e.g., 10% or less. We do
not advocate our proposed method if feature extraction
techniques will successfully solve the problem.

* The generalization to matching deformable models with
high order deformations [57] is not straightforward with-
out, e.g., enumerating a dense set of possible deforma-
tions.

¢ As an extension of the outlier rejection issue, the stated
algorithm does not solve the segmentation problem, of
course. If data points from two shapes are intermixed and
matched against the individual shapes, the registrations
will be wrong, and the mean square distance metric will
be large. This is a problem with almost all of the shape
matching algorithms in the literature.

* For any given fixed initial set of rotations, the global
shape matching capability can be defeated even without
sensor noise by constructing “sea urchin” or “planetoid”
shaped objects based on the set of rotations such that
correct registration cannot be guaranteed. On the other
hand, for a fixed set of objects and no sensor noise, one
can determine an initial set of registrations in a finite
amount of time such that one can guarantee registration
in a finite amount of time with a sufficiently small
probability of error.

* In the limit of very complicated sea urchins or perfectly
spherical planets with a single 1 m bump or in the limit
of very localized matching (1% of object shape or less) on
any object, the ICP algorithm degenerates to brute-force
3-D template matching. Feature extraction techniques, if
possible, are preferable in such circumstances.

VIIl. FUTURE DIRECTIONS

Although we have tried to present compelling results, no
method with such promise is likely to be widely accepted until
more testing has been done. We believe the algorithm for point
sets, polyline sets, and triangle sets are simple enough to be
widely implemented and tested.

The accelerated ICP algorithm is quite efficient, but there
is plenty of room for further computational speedup. For
example, we have not discussed the use of & —d trees to ensure
cxpected cost of O(log N ) rather than the worst case O(N,,)

TESLAIV000023939

Page 134 of 257



Case 1:24-cv-00884-ADA  Document 26-9

BESL AND MCKAY: METHOD FOR REGISTRATION OF 3-D SHAPES

performance in the closest point operation. Actual testing on
paraliel architectures also needs to be done.

Given a large but finite amount of off-line processing, it
seems reasonable to make the following statements: For a fixed
set of objects, a given level of allowable occlusion, a given
maximum possible (Gaussian) noise level, and a set of initial
registration states, it is possible to estimate the probability of
registration failure by carrving out exhaustive tests. For a 1%
(of the smallest shape size) noise level and a 40% maximum
allowable occlusion, our tests indicate that very low probabil-
ities of failure should be achievable with minimal extra work.
The method needs to be characterized in such detail.

A single complicated object in a set of simpler objects may
require a large set of initial registrations to handle the entire
set of objects with certainty. Unfortunately, much time is then
spent testing initial registrations with simpler objects such that
one is continually homing in on the same local minimum
over and over again. With some extra bookkeeping, it may
be possible to quickly recognize a familiar local minimum
well that you have already fallen into a few times and abort
that iteration or to use penalty function methods to penalize
walking down a path that has already been explored. The
appropriate shape of the penalty functions would depend on
the shape of the region of attraction in 6-D, which is difficult
to quantify and analyze.

It may be possible to extend the basic least squares registra-
tion solution to allow deformations (independent axis scaling
and bending) of the model shapes when matching to the
data shapes. Shears and separate axis scaling can be easily
accomodated by allowing a general affine transformation;
allowing even quadratic bending about the center of mass
significantly complicates matters.

Finally, these free-form shape matching methods are likely
to be useful as part of a 3-D object recognition system.
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I, Maurice Peter Herlihy, hereby declare as follows:

1. | have been retained as an expert witness on behalf of Tesla, Inc. in the above-
referenced litigation.

2. | am being compensated for my time in connection with this Declaration at my
standard consulting rate of $400 per hour. My compensation is in no way dependent on the
outcome of this matter.

3. | have been asked to opine on matters of claim construction for U.S. Patent No.
8,898,395 (“the *395 patent”).

4, In preparing this declaration, I have reviewed the 395 patent and its file history,
the constructions proposed by the parties, and any other documents referenced in this Declaration.

5. In forming the opinions expressed in this Declaration, | relied upon my education
and experience in the relevant field of the art and have considered the viewpoint of a person having
ordinary skill in the relevant art as of 2005.

I. BACKGROUND AND QUALIFICATIONS

6. My background and expertise that qualify me as an expert in the technical issues in
this case are as follows:

7. As indicated on my Curriculum Vitae, which is appended as Attachment A, |
currently hold the An Wang Chair of Computer Science at Brown University. | have been a
professor of computer science at Brown University since 1998, and before that | was an associate
professor in the same department (1994-1998).

8. | received an A.B. in Mathematics from Harvard University (1975), an M.S. in
Computer Science from M.L.T. (1980), and a Ph.D. in Computer Science from M.1.T. (1984). |
served on the faculty of Carnegie Mellon University (1984-1989) and the staff of Digital

Equipment Corporation, Cambridge Research Laboratory (1989-1994).
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9. | am the recipient of the 2003 Dijkstra Prize in Distributed Computing, the 2004
Gadel Prize in theoretical computer science, the 2008 ISCA influential paper award, the 2012
Edsger W. Dijkstra Prize, and the 2013 Wallace McDowell award. 1 received a 2012 Fulbright
Distinguished Chair in the Natural Sciences and Engineering Lecturing Fellowship, and | am a
fellow of the ACM, a fellow of the National Academy of Inventors, the National Academy of
Engineering, and the National Academy of Arts and Sciences. In 2022, | won my third Dijkstra
Prize.

10. | am the co-inventor of Transactional Memory, a cache-coherence architecture that
forms the foundation for the Transactional Synchronization Extensions (TSX) added to Intel’s x86
instruction set architecture.

11. | have authored or co-authored two books and more than 200 publications in
journals and major international conference proceedings. A list of my publications is included in
my CV, which is appended as Attachment A.

12. | have previously offered testimony as an expert witness. A list of my prior
engagements in which | testified as an expert at trial or by deposition is appended as
Attachment B.

13. Based on my background and experience, as set forth more fully in my CV, | am
familiar with the state of the art in the field of data processing, including memory management, as
of 2005, which is the earliest possible priority date for the 395 patent. | am a technical expert in
the fields relating to the *395 patent and other related fields, and I remain an active researcher in
these fields.

14, Based on my professional experience, | believe | am qualified to testify as an expert

on matters related to the *395 patent.
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II. UNDERSTANDING OF THE LAW

15. | am not a legal expert and therefore | offer no opinions on the law. However, |
have been informed and am aware of legal standards that are relevant to my analysis, as
summarized below.

16. | have been informed and understand that claims are generally given their ordinary
and customary meaning as understood by a person having ordinary skill in the art (“POSITA”) at
the time of the alleged invention, in light of the patent specification and the prosecution history.
Such an individual is considered to possess ordinary skills and knowledge in a particular technical
field and is not an automaton. | have been informed that claim construction is a matter of law and
that the final claim constructions for this proceeding will be determined by the Court.

17. It has been explained to me that the patent statute includes a requirement that claims
be definite. I have been informed that, to meet this “definiteness” requirement, the claims must
particularly point out and distinctly claim the subject matter that the applicant regards as his or her
invention. | understand that indefiniteness is evaluated from the perspective of a POSITA at the
time of a patent’s filing.

18. It has been explained to me that a patent claim is indefinite if the claim, when read
in light of the specification and the prosecution history, fails to inform, with reasonable certainty,
a POSITA of the scope of the invention.

19. It was further explained to me that absolute or mathematical precision in claim
language is not required. However, it is not enough that some meaning can be ascribed to a patent’s
claims. A claim is indefinite if its language might mean several different things and no informed

and confident choice is available among the contending definitions.
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III. THE 395 PATENT
A. Summary of the *395 Patent

20. The ’395 patent was filed on May 15, 2008, and claims to be a continuation of an
application filed on April 7, 2005, which in now U.S. Patent No. 7,376,798.

21. The *395 patent relates to “computer system memory, in particular the management
of cache memory.” ’395 patent at 1:15-17 (“Field of the Invention”). Various cache management
schemes were well known in the prior art. For example, the *395 patent identifies the MESI
(Modified, Exclusive, Shared, Invalid) protocol as “a popular cache consistency (coherency)
protocol.” ’395 patent at 1:30-32.

22. The 395 patent alleges that “[p]rior attempts to achieve a sequentially consistent,
lumped architecture are limited with respect to the number of memory operations that can be
included in an instruction group.” ’395 patent at 2:1-4. According to the *395 patent, “such
attempts are limited to a single memory operation per instruction group.” ’395 patent at 2:4-5.
The patent then purports to give a solution to “overcome this disadvantage.” ’395 patent at 2:5-7.

23.  The 395 patent describes a basic computer system 5, that includes a processor 10,
a main memory 18, a cache 14 associated with the processor, and one or more external agents 11-
13 that can access the main memory and the processor’s cache. ’395 patent at 3:40-45, Figure 1.
The processor 10 and the external agents 11-13 may each be executing a group of instructions
including memory operations (e.g., read, load, store, write, lock acquisition, etc.). ’395 patent at
4:3-7. An instruction (or instructions) in the group of instructions being executed by the
processor 10 may seek access to its cache 14; likewise, an instruction (or instructions) in the group
of instructions being executed by the external agents 11-13 may also seek access to that cache 14.

’395 patent at 4:11-15.
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24.  Anobserved bit in cache 14 is set for a cache line if execution of an instruction in
a group of instructions executed by the processor 10 causes that cache line to be accessed (e.g.,
load, store, read, or write). ’395 patent at 4:61-65. For example, observed bit 24 is set if an
instruction in instruction group A, when executed by processor 10, causes cache line 21 to be
accessed. 395 patent at 4:65-5:2, Figure 2. Similarly, observed bit 25 is set if an instruction in

instruction group B, when executed by processor 10, causes cache line 21 to be accessed. ’395

patent at 4:57-60.
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25.  The observed bits associated with instruction group A, if set, remain set until the
execution of instruction group A is ended. ’395 patent at 5:25-27. For example, when instruction
group A is either committed, or it is rolled back, or it is aborted, then the associated observed bit 24
in cache line 21 is cleared. Similarly, when instruction group B is either committed, or it is rolled
back, or it is aborted, then the associated observed bit 25 in cache line 21 is cleared.

26.  Alternatively, if an external agent 11-13 snoops cache line 21 and observed bits 24
and 25 have been set, then instruction group A (corresponding to observed bit 24) and instruction

group B (corresponding to observed bit 25) may be rolled back and observed bits 24 and 25 may
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be cleared. ’395 patent at 5:58-61. Further, the patent describes an embodiment wherein if cache
line 21 is in the Shared state, then there is no roll back of the instruction groups corresponding to
any observed bit(s) in that cache line. ’395 patent at 7:53-58.

B. The 395 Prosecution History

27.  On May 15, 2008, prior to examination of the original claims, the Applicant filed a
Preliminary Amendment. Among other changes, that Amendment cancelled all original claims
(1-32) and replaced them with new claims 33-57. The pertinent claims for this Declaration, shown

below, are claims 33-35.

33. (New) A method of managing memory in a computer system, said
method comprising:

executing a first group of instructions that causes a cache line of a cache
memory to be read;

setting a first bit of an indicator associated with said cache line to indicate
that said cache line has been read;

executing a second group of instructions that causes said cache line to be
read; and

setting a second bit of said indicator while said first bit remains set to
indicate said cache line has been accessed by both said first group and said

second group of instructions.

34. (New) The method of Claim 33 further comprising:

executing a third group of instructions that causes said cache line to be
accessed,

using a value of said indicator to determine whether said cache line has
been read and generating a result thereof; and

handling said first group and said second group of instructions according

to said result.
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35. (New) The method of Claim 34 wherein said handling comprises
rolling back said first group and said second group of instructions before granting
said access provided said indicator indicates said cache line has been read, and

otherwise granting said access without rolling back said first group and said

second group of instructions.

28. On March 22, 2010, the Examiner issued a Non-Final Rejection. In pertinent part,
claims 33-34 were rejected under 35 U.S.C. 8 102(b) as being anticipated by prior art. Claim 35
was indicated to be allowable if the double patenting rejection were overcome and if rewritten in
independent form including all of the limitations of the base claim and any intervening claims.

29.  OnJune 17,2010, the Applicant submitted its Response to the Non-Final Rejection.

Among other changes, each of claims 33-35 was amended as shown below:

33. (Currently Amended) A method of managing memory in a computer
system, said method comprising:
. ; | . I hel ‘ I
memory-to-beread:
setting a first bit of an indicator associated with a sate cache line in a

cache memory if te-indicate-that said cache line has been accessed in response
to a processor executing an instruction in a first group of instructions read,;

read; and

setting a second bit of said indicator while said first bit remains set if o
indieate said cache line has also been accessed in response to said processor
executing an instruction in a by-beth-said-first-group-and-said second group of

instructions.
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34. (Currently Amended) The method of Claim 33 further comprising:
executing a third group of instructions that causes said cache line to be

accessed;

beenread-and-generating-aresdi-thereof; and
processing handling said first group and said second group of instructions
according to a value of said indicator said-resut.

35. (Currently Amended) The method of Claim 34 wherein said third
group of instructions is executed by an agent other than said processor, wherein
said processing hardling comprises rolling back said first group of instructions
provided said first bit is set and rolling back said second group of instructions
provided said second bit is set before allowing an instruction in said third group to

access said cache | na granting said-access prov-ced saic-indicator indicates said
cacheline-hasbeenread, and otherwise granting said access withoutrolling

30.  As a result of the claim 34 amendment, the term “processing” was added to the
claims for the first time. As reflected in this amendment, the step of “executing a third group of
instructions” could be done by “said processor” recited in claim 33 or it could be done by “an agent
other than said processor” (e.g., as reflected in the amendment to claim 35). Specifically, |
understand that claim 34 must be broader in scope than its dependent claim 35 and therefore, as
amended, a POSITA would understand the “executing” step of claim 34 could be performed by
either said processor or an external agent.

31. Claim 35, which depended from claim 34, was further amended to recite “said

2

processing comprises . . . .” As reflected in this amendment of claim 35, “said processing” is
referring to the “processing said first group and said second group of instructions according to a

value of said indicator” in amended claim 34.
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32.  The arguments made by the Applicant to traverse the rejection focused on the
amendment to claim 33 and did not otherwise address the amendments to claims 34 and 35.

33.  On August 26, 2010, the Examiner issued a Final Rejection. In pertinent part,
claims 33-34 were rejected under 35 U.S.C. § 103(a) as being obvious in view of prior art.
Claim 35 was indicated to be allowable if the double patenting rejection were overcome and if
rewritten in independent form including all of the limitations of the base claim and any intervening
claims. However, the Examiner’s statement of reasons for allowability quoted the text of original
claim 35 without acknowledging that some of those limitations were no longer part of the claim
as amended. Specifically, I highlighted in the below excerpt of this Office Action the language

that was deleted from amended claim 35:

19. Claims 35 and 43 disclose “rolling back said first group and said second group of
instructions before granting said access provided said indicator indicates said cache line
has been read, and otherwise granting said access without rolling back said first group
and said second group of instructions.” This limitation is taught in the specification, page
11, lines 15-21. This limitation in combination with other recited limitations of claims 35

and 43 are not taught or suggested by the prior art of record.

34.  On October 18, 2010, in response to the Final Rejection, the Applicant argued for
reconsideration of the rejection without otherwise amending claims 33-35. The arguments made
by the Applicant focused on the limitations of claim 33 and did not otherwise address the
limitations of claims 34 and 35.

35.  The Applicant’s arguments filed on October 18, 2010 were determined to be not
persuasive. The Applicant then initiated an Appeal procedure. On April 28, 2014, the Patent Trial
and Appeal Board issued its Decision on Appeal affirming the Examiner’s finding that the prior

art teaches or suggests the limitations of claim 33.
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36.  OnJune 30, 2014, in Response to the Decision on Appeal, the Applicant amended
claim 33 and cancelled claims 34 and 35. However, as shown below, the amendment did not

rewrite claim 35 in independent form:

33. (Currently Amended) A method of managing memory in a computer
system, said method comprising:

setting a first bit of an indicator associated with a cache line in a cache
memory if said cache line has been accessed in response to a processor
executing an instruction in a first group of instructions; and

setting a second bit of said indicator while said first bit remains set if said
cache line has also been accessed in response to said processor executing an
instruction in a second group of instructions;

executing a third group of instructions that causes said cache line to be

accessed, wherein said third group of instructions is executed by an agent other
than said processor, wherein said processing comprises rolling back said first

group of instructions provided said first bit is set and rolling back said second

group of instructions provided said second bit is set before allowing an instruction

in said third group to access said cache line, and otherwise granting said access;

and

processing said first group and said second group of instructions
according to a value of said indicator.

34-35. (Canceled).

Specifically, the yellow-highlighted text was amended claim 35 and the purple-highlighted text
was amended claim 34. As shown, the “said processing” limitation was added to the “executing”
step, and now precedes the “processing” step.

37.  The argument made by the Applicant was that “claim 33 is amended to incorporate

the subject matter of allowable claim 35 and intervening claim 34” and “is therefore in condition
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for allowance.” I disagree that this version of claim 33 reflects a rewrite of dependent claim 35 in
independent form. Further, as set forth in this Declaration, this amendment introduced further
uncertainty over the scope of the claim that would not be reasonably ascertainable to a POSITA.

38.  The next correspondence from the Patent Office was its July 22, 2014, Notice of
Allowance. That Notice merely identifies the full text of the “executing” method step as not being
taught or suggested by the prior art of record.

C. Level of Ordinary Skill in the Art

39. | have also been advised that a POSITA is a hypothetical person who is capable of
understanding the scientific and engineering principles applicable to the relevant art of the claimed
subject matter. | understand that a POSITA is presumed to have known the relevant prior art at
the time of the alleged invention.

40. In my opinion, a POSITA as of the April 2005 priority date of the *395 patent would
have had a bachelor’s degree in electrical or computer engineering, computer science, or a related
subject, and two years of professional experience “in the data processing arts” (’395 patent at 3:4-
7) and multiprocessor speculative execution or a related field. Less experience may be necessary
with additional education, and likewise, less education may be necessary with additional work
experience.

41. | understand that the Plaintiff Intellectual Ventures has not yet offered its view of
the level of ordinary skill in the art. To the extent that Intellectual VVentures or its expert provides
its view of the level of ordinary skill in the art, I reserve the right to respond to the extent that
opinion is different than mine. 1 also note that my opinions provided in this Declaration would not

change in view of any insignificant modifications to this level of skill.
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D. “Said Processing” (Claim 1)

Tesla’s Proposed Construction IV’s Proposed Construction
Indefinite Plain and ordinary meaning. Not indefinite.
42. I understand from counsel that the Court of Appeals for the Federal Circuit has held

that a limitation lacking antecedent basis is indefinite if there is no clear correction for that lack of
antecedent basis. Specifically, the lack of an antecedent basis renders a claim indefinite if the
claim fails to apprise a POSITA of its scope and, therefore, fails to serve the statutory public notice
function required for patent claims.
43.  Claim 1 suffers from the fact that, as written, the limitation “said processing” lacks
antecedent basis, and the specification does not otherwise aid a POSITA in reasonably ascertaining
what is being claimed. Indeed, the meaning of the term “said processing” is objectively uncertain
because it is the first reference to “processing,” and it appears in the claim:
a. after the introduction of two structures that could perhaps perform “said
processing” (i.e., “said processing” might refer to an action taken by the claimed
“processor” or by the claimed “agent other than said processor)”’; and

b. after the introduction of three groups of instructions that are being processed (i.e.,
“said processing” might refer to an action on “an instruction in a first group of

9% ¢

instructions,” “an instruction in a second group of instructions,” or an instruction
in “a third group of instructions”).

44, With respect to which structure performs “said processing,” that phrase appears

within the method step for executing the third group of instructions “by an agent other than said

processor,” suggesting that “said processing” is done by the external agent. However, the

remainder of the limitation concerns the first and second groups of instructions, which are executed
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by the processor in the earlier-recited method steps. Because the claim recites both “a processor”
and ““an agent other than said processor” before reciting the “said processing” limitation, a POSITA
could not reasonably ascertain which of those structures performs “said processing” in claim 1.

45.  With respect to what instruction is being processed by “said processing,” that
phrase appears within the method step for executing the third group of instructions, suggesting that
the action is being taken on this third group of instructions. However, the remainder of the
limitation concerns rolling back the first and the second groups of instructions. Because the
claimed computer system is executing instructions from each of the first, second, and third groups
of instructions, a POSITA could not reasonably ascertain which group of instructions is subject to
“said processing” in claim 1.

46. Further, dependent claim 2—which refers to “said processing”—also adds
uncertainty. Notably, “determining a state of said cache line” can be determined when processing
any of the first, second, or third groups of instructions by either of the processor or the external
agent by, e.g., checking the cache coherency protocol bits shown in Figure 2.

47.  Finally, there is added objective uncertainty as to the timing of “said processing,”
which a POSITA would recognize might be performed immediately or, alternatively, the cache
line might be marked for a later rollback. For example, a POSITA would understand that the
rollback might be suspended for a brief duration to give a conflicting instruction group a chance
to complete. Indeed, the timing uncertainty further compounds the uncertainty over which

structure—e.g., the processor or the agent other than the processor—performs “said processing.”

* * *
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| hereby declare under penalty of perjury under the laws of the United States of America that the

foregoing is true and correct.

Date: January 9, 2025 By: /\’10\\%’1& N -Q‘l\/t

Maurice Herlihy, Ph.D. o~
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Rozas Examiner: OTTO, A.

Serial No.:  12/121,531 Art Unit: 2187

Filed: May 15, 2008 Confirmation No.: 7036
For: MEMORY MANAGEMENT

FOR CACHE CONSISTENCY

(As Amended)

e it it "t "t it "t

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO AN OFFICE ACTION

Dear Sir:

In response to the Office Action mailed March 22, 2010, the Applicant
respectfully requests further examination and reconsideration of the above

captioned patent application in view of the following amendments and remarks.

Amendments to the specification are presented on page 2, amendments

to the claims are presented beginning on page 3, and remarks begin on page 12.

Serial No.: 12/121,531 Examiner: Otto, A.
Docket No.: TRAN-P084C1 -1- Art Unit: 2187
(2279USCN159990)
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AMENDMENTS TO THE SPECIFICATION
Please amend the title of the application, which appears on pages 1 and
30 of the substitute specification, as follows:

MEMORY MANAGEMENT FOR METHOBS-AND-SYSTEMSTHATSURRORT

CACHE CONSISTENCY

Serial No.: 12/121,531 Examiner: Otto, A.

Docket No.: TRAN-P084C1 -2 - Art Unit: 2187
(2279USCN159990)
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AMENDMENTS TO THE CLAIMS
1-32. (Canceled).

33. (Currently Amended) A method of managing memory in a computer
system, said method comprising:
: G i : I hedi : I
mermeryte-beread:
setting a first bit of an indicator associated with a said cache line in a

cache memory if fo-indicate-that said cache line has been accessed in response

to a processor executing an instruction in a first group of instructions read;

. I ‘| . I o heli I
read: and

setting a second bit of said indicator while said first bit remains set if

indicate said cache line has also been accessed in response to said processor

executing an instruction in a by-beth-saidfirst-group-and-said second group of

instructions.

34. (Currently Amended) The method of Claim 33 further comprising:
executing a third group of instructions that causes said cache line to be

accessed;

beanread-and-generatingaresulttherest and
processing kandhnrg said first group and said second group of instructions
according to a value of said indicator saigrestit.
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35. (Currently Amended) The method of Claim 34 wherein said third

qroup of instructions is executed by an agent other than said processor, wherein

said processing karédhrg comprises rolling back said first group of instructions

provided said first bit is set and rolling back said second group of instructions

provided said second bit is set before allowing an instruction in said third group to

access said cache line granting-said-accessprovided-said-ndicator-indicatessaid
cacheline-has-beenread, and otherwise granting said access witheutrelling

back said 5 L caid | s e

36. (Currently Amended) The method of Claim 35 wherein said
processing kandhng further comprises:

determining a state of said cache line, wherein said state is specified
according to a cache coherency protocol comprising at least a modified state, a
shared state, and an invalid state; and

rolling back said first group of instructions provided said first bit is set and

rolling back said second group of instructions provided said second bit is set, and

then granting said access provided said cache line is in other than said shared
slale spnd-sad-ndicaiorndicales satd-cache bne-has-beenread, anc otherwise

granting said access w4

eHnstruectons only when said cache line is in said shared state.

37. (Original) The method of Claim 35 further comprising maintaining a
first count of how many times said first group of instructions has been rolled back
and a second count of how many times said second group of instructions has

been rolled back.
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38. (Original) The method of Claim 37 further comprising eliminating one
or more instructions from said first group of instructions if said first count exceeds
a threshold and eliminating one or more instructions from said second group of

instructions if said second count exceeds said threshold.

39. (Original) The method of Claim 33 further comprising clearing said
first bit when said execution of said first group of instructions is ended, wherein
said second bit remains set until execution of said second group of instructions is

ended.

40. (Original) The method of Claim 33 further comprising:

executing a plurality of groups of instructions in parallel,

changing an indicator associated with each cache line in said cache that
has been accessed because of an instruction in any of said plurality of groups of
instructions; and

provided all cache lines in said cache memory are indicated as having
been accessed, rolling back a group of instructions that includes an instruction
that when executed attempts to replace information in a cache line of said cache
memory, and otherwise continuing said executing of said plurality of groups of

instructions.

41. (Currently Amended) A computer system comprising:
a frst processor;

a cache memory used by said first processor; and
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a memory unit coupled to said first processor and having stored therein

instructions, said instructions said-memenr-unit-containing-instruct that il

acutad imnlaman a-memory-managementmethed —said-method Comprising:

instructions to execute exeedting a first group of instructions using

said processor, wherein said first group of instructions includes an

instruction that causes a cache line of said cache memory to be read;

instructions to set setting a first bit of an indicator associated with

said cache line to indicate that said cache line has been read;

instructions to execute exeedting a second group of instructions

using said first processor, wherein said second group of instructions

includes an instruction that causes said cache line to be read; and

instructions to set settnrg a second bit of said indicator while said

first bit remains set to indicate said cache line has been accessed by both

said first group of instructions and said second group of instructions.

42. (Currently Amended) The computer system of Claim 41 wherein said
instructions methed further comprise eemprises:

instructions to execute exeeuting a third group of instructions that causes

said cache line to be accessed;

been—read-and generating aresu-tthereo!: and

instructions to process kandhng said first group and said second group of

instructions according to a value of said indicator saig-resuit.

43. (Currently Amended) The computer system of Claim 42 wherein said

third group of instructions is for execution by an agent other than said processor,
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wherein said instructions methed further comprise instructions to roll eerprises

roling back said first group of instructions provided said first bit is set and to roll

back said second group of instructions provided said second bit is set before

allowing an instruction in said third group to access said cache line, wherein

otherwise said access is granted. granting-said-access-provided-said-indicate

44. (Currently Amended) The computer system of Claim 43 wherein said
instructions methed further comprise eemprises:

instructions to determine determining a state of said cache line, wherein

said state is specified according to a cache coherency protocol comprising at
least a modified state, a shared state, and an invalid state; and

instructions to roll relirg back said first group of instructions provided said

first bit is set and to roll back said second group of instructions provided said

second bit is set, wherein ard-thenr-granting said access is granted provided said

cache line is in other than said shared state and-said-indicatorindicates-said
cache-ine-has-been+read, and wherein otherwise granting said access is granted

only

when said cache line is in said shared state.

45. (Currently Amended) The computer system of Claim 44 wherein said

instructions rethed further comprise instructions to maintain eerrprises

maintatiring a first count of how many times said first group of instructions has
been rolled back and a second count of how many times said second group of

instructions has been rolled back.
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46. (Currently Amended) The computer system of Claim 45 wherein said

instructions rethed further comprise instructions to eliminate eemprises

eliminating one or more instructions from said first group of instructions if said
first count exceeds a threshold and to eliminate elrinating one or more
instructions from said second group of instructions if said second count exceeds

said threshold.

47. (Currently Amended) The computer system of Claim 41 wherein said

instructions methed further comprise instructions to clear eermprises—elearing said

first bit when said execution of said first group of instructions is ended, wherein
said second bit remains set until execution of said second group of instructions is

ended.

48. (Currently Amended) The computer system of Claim 41 wherein said
instructions methed further comprise eemprises:

instructions to execute exeeuting a plurality of groups of instructions in

parallel using er said first processor;

instructions to change ekRangig an indicator associated with each cache
line in said cache memory that has been accessed because of an instruction in

any of said plurality of groups of instructions; and

beenaceessed; instructions to roll reling back a group of instructions that

includes an instruction that when executed attempts to replace information in a

cache line of said cache memory provided all cache lines in said cache memory
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are indicated as having been accessed, wherein ard otherwise eenrtiruing-said

exeeuting-of said plurality of groups of instructions continue to be executed.

49. (Currently Amended) A method of managing shared memory in a
computer system, said method comprising:

executing a first group of instructions with ea a first processor;

associating a first state with a cache line in a cache comprising a plurality
of cache lines, wherein said first state is specified according to a cache
coherency protocol comprising at least a modified state, a shared state, and an
invalid state;

associating a second state with said cache line during said executing of
said first group of instructions, wherein said second state indicates that said
cache line has been accessed because of said first group of instructions;

executing a second group of instructions with en said first processor; and

associating a third state with said cache line during said executing of said
second group of instructions, wherein said third state indicates that said cache

line has been accessed because of said second group of instructions.

50. (Currently Amended) The method of Claim 49 wherein said first group

of instructions includes multiple memory operations and said second group of

instructions eaeh includes multiple memory operations.

51. (Currently Amended) The method of Claim 49 further comprising:

executing a third group of instructions that causes said cache line to be

accessed;
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has-beepn-accessed: and

rolling back said first group of instructions and said second group of

instructions before granting said access.

52. (Original) The method of Claim 51 wherein said rolling back is only

performed provided said cache line is in other than said shared state.

53. (Original) The method of Claim 51 further comprising maintaining a
first count of how many times said first group of instructions is rolled back and a

second count of how many times said second group of instructions is rolled back.

54. (Original) The method of Claim 53 further comprising eliminating one
or more instructions from said first group of instructions if said first count exceeds
a threshold and eliminating one or more instructions from said second group of

instructions if said second count exceeds said threshold.

55. (Original) The method of Claim 49 wherein said second state is
indicated by setting a first bit associated with said cache line, wherein said first
bit is cleared when said execution of said first group of instructions is ended, and
wherein said third state is indicated by setting a second bit associated with said
cache line, wherein said second bit is cleared when said execution of said

second group of instructions is ended.

56. (Currently Amended) A computer system comprising:

a processor,
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a cache memory coupled to said processor and having a plurality of cache
lines; and
a memory unit coupled to said processor, wherein said memory unit has a

plurality-ef-entries-and-a plurality of indicator bits per cache line ertry, wherein a

first indicator bit associated with a cache line of said cache memory plaratity-of

dicaterbits is set to indicate that said [[a]] cache line efsaid-cache-rmemeory has

been accessed responsive to said processor executing beeause-of a first group

of instructions and wherein said first indicator bit is cleared when execution of

said first group of instructions is ended, wherein a second indicator bit associated

with said cache line efsaid-pluratity-ofindicatorbits is set to indicate that said

cache line has been accessed responsive to said processor executing because

ef a second group of instructions in parallel with said first group and wherein said
second indicator bit is cleared when execution of said second group of

instructions is ended.

57. (Currently Amended) The computer system of Claim 56 wherein a

subset of address bits of said cache line is used to identify an said entry in said

memory unit efsaid-plaratity-ofentres, wherein inresponse-to-said-cachetre
being-aceessed; an indicator bit of said entry cerrespending-to-said-subset-of

address-bits is set in response to said cache line being accessed.
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REMARKS
Claims 33-57 are pending. Claims 33-36, 41-51, 56, and 57 are amended

herein. No new matter is introduced by the claim amendments.

Claims 35-38, 40, 43-46, and 51-54 are allowable. Applicant thanks the

Examiner for indicating the allowability of those claims.

§ 112 Rejections

According to the Office Action, Claims 51-54 are rejected under 35 U.S.C.
§ 112, second paragraph. Specifically, Claim 51 is rejected, and Claims 52-54

are rejected because of their dependence on Claim 51.
Applicant respectfully submits that, as amended, Claim 51 and its
dependent claims traverse the basis for rejection under 35 U.S.C. § 112, second

paragraph.

Double Patenting

According to the Office Action, Claims 33-57 are rejected on the ground of
non-statutory obviousness-type double patenting as being unpatentable over

U.S. Patent No. 7,376,798.

A timely filed terminal disclaimer may be filed to overcome a rejection
based on non-statutory double patenting. Applicant respectfully submits that a
terminal disclaimer will be considered once the application is otherwise
considered to be allowable. The Applicant respectfully requests that the double-

patenting rejection be held in abeyance until the claims are otherwise allowable.
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§ 102 Rejections

According to the Office Action, Claims 33, 34, 39, 41, 42, 47, 56, and 57
are rejected under 35 U.S.C. § 102(b) as allegedly being anticipated by Gray et
al. ("Gray;” U.S. Patent No. 5,086,429). The Applicant has reviewed the cited
reference and respectfully submits that the features recited in Claims 33, 34, 39,

41, 42, 47, 56, and 57 are not shown or suggested by Gray.

According to Gray (column 3, lines 53-62), there are two pairs of
processors, “with one pair being arbitrarily designated the ‘active pair’ while the
other is designated as a ‘hot stand-by pair.” Each processor in each pair ... is
made to simultaneously execute the same program of instructions ..., [and] the
two processors in each pair share a common memory.” “During a read by the
processors, the appropriate code word is read from the memory and the
syndrome generators determine whether an error exists” (column 4, lines 8-10, of
Gray). “Checkers 28 and 29 provide two redundant output signals for indicating
that an error has been detected. These signals are called FAIL 1 and FAIL 2"
(column 9, lines 1-4, of Gray). “Checkers 28 and 29 comprise digital
comparators for comparing, bit-for-bit, the address bits and the control bits from
the dual processors” (column 9, lines 12-14, of Gray). “If there is a miscompare
..., then the error flag signals FAIL 1 and FAIL 2 become true” (column 9, lines

15-19, of Gray).

In other words, according to Gray, the error flag signals are set if a pair of

redundant processors reads the same information differently.
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Therefore, Applicant respectfully submits that Gray does not teach or
suggest “setting a first bit of an indicator associated with a cache line in a cache
memory if said cache line has been accessed in response to a processor
executing an instruction in a first group of instructions; and setting a second bit of
said indicator while said first bit remains set if said cache line has also been
accessed in response to said processor executing an instruction in a second
group of instructions” as recited in independent Claim 33 (emphasis added);
“instructions to execute a first group of instructions using said processor, wherein
said first group of instructions includes an instruction that causes a cache line of
said cache memory to be read; instructions to set a first bit of an indicator
associated with said cache line to indicate that said cache line has been read;
instructions to execute a second group of instructions using said processor,
wherein said second group of instructions includes an instruction that causes
said cache line to be read; and instructions to set a second bit of said indicator
while said first bit remains set to indicate said cache line has been accessed by
both said first group of instructions and said second group of instructions” as
recited in independent Claim 41; or “wherein a first indicator bit associated with a
cache line of said cache memory is set to indicate that said cache line has been
accessed responsive to said processor executing a first group of instructions ...,
wherein a second indicator bit associated with said cache line is set to indicate
that said cache line has been accessed responsive to said processor executing a
second group of instructions in parallel with said first group” as recited in

independent Claim 56.
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Accordingly, Applicant respectfully submits that Gray does not show or
suggest the features of independent Claims 33, 41, and 56, and that those claims

are in condition for allowance.

Each of the Claims 34 and 39 includes all of the features of Claim 33 plus
additional features. Each of the Claims 42 and 47 includes all of the features of
independent Claim 41 plus additional features. Claim 57 includes all of the
features of independent Claim 56 plus additional features. Applicant respectfully
submits that Gray does not show or suggest the features of Claims 34, 39, 42,
47, and 57 in combination with the features of their respective base claim, and
that Claims 34, 39, 42, 47, and 57 are in condition for allowance at least because

they depend from an allowable claim.

In conclusion, Applicant respectfully submits that Claims 33, 34, 39, 41,
42, 47, 56, and 57 traverse the basis for rejection under 35 U.S.C. § 102(b).

§ 103 Rejections

According to the Office Action, Claims 49, 50, and 55 are rejected under
35 U.S.C. § 103(a) as allegedly being unpatentable over Gray in view of

Examiner’s official notice (in view of what is known in the art).

By rationale similar to that presented above, Applicant respectfully submits
that Gray does not teach or suggest “executing a first group of instructions with a
processor; ... associating a second state with said cache line during said
executing of said first group of instructions, wherein said second state indicates

that said cache line has been accessed because of said first group of
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instructions; executing a second group of instructions with said processor; and
associating a third state with said cache line during said executing of said second
group of instructions, wherein said third state indicates that said cache line has
been accessed because of said second group of instructions” as recited in

independent Claim 49.

Accordingly, Applicant respectfully submits that Claim 49 is in condition for

allowance.

Each of the Claims 50 and 55 includes all of the features of Claim 49 plus
additional features. Applicant respectfully submits that Gray does not show or
suggest the features of Claims 50 and 55 in combination with the features of
Claim 49, and that Claims 50 and 55 are in condition for allowance at least

because they depend from an allowable claim.

In conclusion, Applicant respectfully submits that Claims 49, 50, and 55

traverse the basis for rejection under 35 U.S.C. § 103(a).

Conclusions
In light of the above remarks, Applicant respectfully requests

reconsideration of the rejected claims.

Based on the arguments presented above, Applicant respectfully asserts
that Claims 33-57 overcome the rejections of record, and therefore Applicant

respectfully solicits allowance of those claims.
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The Examiner is invited to contact Applicant’s undersigned representative
if the Examiner believes such action would expedite resolution of the present

application.

Please charge any fees or apply any credits to our PTO deposit account

number: 50-4160.

Respectfully submitted,

MURABITO HAO & BARNES LLP

Date: 6/17/2010 [William A. Zarbis/

William A. Zarbis
Reg. No. 46,120

Address: Two North Market Street, Third Floor
San Jose, California 95113

Phone: (408) 938-9080 Ext. 113
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Rozas Examiner: OTTO, A.

Serial No.:  12/121,531 Art Unit: 2187

Filed: May 15, 2008 Confirmation No.: 7036
For: MEMORY MANAGEMENT

FOR CACHE CONSISTENCY

(As Amended)

— T S S e e e e v s

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO DECISION ON APPEAL

Dear Sir:

In response to the Decision on Appeal mailed April 28, 2014, and per the
Request for Continued Examination filed herewith, the Applicant respectfully
requests further examination and reconsideration of the above captioned patent
application in view of the following amendments and remarks. Amendments to

the claims are presented beginning on page 2, and remarks begin on page 10.
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AMENDMENTS TO THE CLAIMS
1-32. (Canceled).

33. (Currently Amended) A method of managing memory in a computer
system, said method comprising:

setting a first bit of an indicator associated with a cache line in a cache
memory if said cache line has been accessed in response to a processor
executing an instruction in a first group of instructions; and

setting a second bit of said indicator while said first bit remains set if said
cache line has also been accessed in response to said processor executing an
instruction in a second group of instructions;

executing a third group of instructions that causes said cache line to be

accessed, wherein said third group of instructions is executed by an agent other

than said processor, wherein said processing comprises rolling back said first

group of instructions provided said first bit is set and rolling back said second

group of instructions provided said second bit is set before allowing an instruction

in said third group to access said cache line, and otherwise granting said access;

and

processing said first group and said second group of instructions

according to a value of said indicator.

34-35. (Canceled).
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36. (Currently Amended) The method of Claim 33 [[35]] wherein said
processing further comprises:

determining a state of said cache line, wherein said state is specified
according to a cache coherency protocol comprising at least a modified state, a
shared state, and an invalid state; and

rolling back said first group of instructions provided said first bit is set and
rolling back said second group of instructions provided said second bit is set, and
then granting said access provided said cache line is in other than said shared
state, and otherwise granting said access only when said cache line is in said

shared state.

37. (Currently Amended) The method of Claim 33 [[35]] further
comprising maintaining a first count of how many times said first group of
instructions has been rolled back and a second count of how many times said

second group of instructions has been rolled back.

38. (Original) The method of Claim 37 further comprising eliminating one
or more instructions from said first group of instructions if said first count exceeds
a threshold and eliminating one or more instructions from said second group of

instructions if said second count exceeds said threshold.

39. (Original) The method of Claim 33 further comprising clearing said
first bit when said execution of said first group of instructions is ended, wherein

said second bit remains set until execution of said second group of instructions is

ended.
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40. (Original) The method of Claim 33 further comprising:

executing a plurality of groups of instructions in parallel;

changing an indicator associated with each cache line in said cache that
has been accessed because of an instruction in any of said plurality of groups of
instructions; and

provided all cache lines in said cache memory are indicated as having
been accessed, rolling back a group of instructions that includes an instruction
that when executed attempts to replace information in a cache line of said cache
memory, and otherwise continuing said executing of said plurality of groups of

instructions.

41. (Currently Amended) A computer system comprising:
a processor;
a cache memory for use by said processor; and
a memory unit coupled to said processor and having stored therein
instructions, said instructions comprising:

instructions to execute a first group of instructions using said
processor, wherein said first group of instructions includes an instruction
that causes a cache line of said cache memory to be read;

instructions to set a first bit of an indicator associated with said cache
line to indicate that said cache line has been read;

instructions to execute a second group of instructions using said
processor, wherein said second group of instructions includes an

instruction that causes said cache line to be read; and
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instructions to set a second bit of said indicator while said first bit
remains set to indicate said cache line has been accessed by both said
first group of instructions and said second group of instructions;

instructions to execute a third group of instructions that causes said

cache line to be accessed, wherein said third group of instructions is for

execution by an agent other than said processor, wherein said instructions

further comprise instructions to roll back said first group of instructions

provided said first bit is set and to roll back said second group of

instructions provided said second bit is set before allowing an instruction

in said third group to access said cache line, wherein otherwise said

access is granted; and

instructions to process said first group and said second group of

instructions according to a value of said indicator.

42-43. (Canceled).

44. (Currently Amended) The computer system of Claim 41 [[43]]
wherein said instructions further comprise:

instructions to determine a state of said cache line, wherein said state is
specified according to a cache coherency protocol comprising at least a modified
state, a shared state, and an invalid state; and

instructions to roll back said first group of instructions provided said first bit
is set and to roll back said second group of instructions provided said second bit
is set, wherein said access is granted provided said cache line is in other than
said shared state, and wherein otherwise said access is granted only when said

cache line is in said shared state.
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45. (Previously Presented) The computer system of Claim 44 wherein
said instructions further comprise instructions to maintain a first count of how
many times said first group of instructions has been rolled back and a second

count of how many times said second group of instructions has been rolled back.

46. (Previously Presented) The computer system of Claim 45 wherein
said instructions further comprise instructions to eliminate one or more
instructions from said first group of instructions if said first count exceeds a
threshold and to eliminate one or more instructions from said second group of

instructions if said second count exceeds said threshold.

47. (Previously Presented) The computer system of Claim 41 wherein
said instructions further comprise instructions to clear said first bit when said
execution of said first group of instructions is ended, wherein said second bit

remains set until execution of said second group of instructions is ended.

48. (Previously Presented) The computer system of Claim 41 wherein
said instructions further comprise:

instructions to execute a plurality of groups of instructions in parallel using
said processor;

instructions to change an indicator associated with each cache line in said
cache memory that has been accessed because of an instruction in any of said
plurality of groups of instructions; and

instructions to roll back a group of instructions that includes an instruction

that when executed attempts to replace information in a cache line of said cache

Serial No.: 12/121,531 Examiner: Otto, A.
Docket No.: TRAN-P084C1 -6 - Art Unit: 2182
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memory provided all cache lines in said cache memory are indicated as having
been accessed, wherein otherwise said plurality of groups of instructions

continue to be executed.

49. (Currently Amended) A method of managing shared memory in a
computer system, said method comprising:

executing a first group of instructions with a processor;

associating a first state with a cache line in a cache comprising a plurality
of cache lines, wherein said first state is specified according to a cache
coherency protocol comprising at least a modified state, a shared state, and an
invalid state;

associating a second state with said cache line during said executing of
said first group of instructions, wherein said second state indicates that said
cache line has been accessed because of said first group of instructions;

executing a second group of instructions with said processor; ard

associating a third state with said cache line during said executing of said
second group of instructions, wherein said third state indicates that said cache
line has been accessed because of said second group of instructions;

executing a third group of instructions that causes said cache line to be

accessed:; and

rolling back said first group of instructions and said second group of

instructions before granting said access.

50. (Previously Presented) The method of Claim 49 wherein said first
group of instructions includes multiple memory operations and said second group

of instructions includes multiple memory operations.

Serial No.: 12/121,531 Examiner: Otto, A.
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(2279USCN159990)

IPR2025-00218 Exhibit 2003 Page 179 of 257



Case 1:24-cv-00884-ADA  Document 26-12  Filed 01/09/25 Page 9 of 14

51. (Canceled).

52. (Currently Amended) The method of Claim 49 [[51]] wherein said
rolling back is only performed provided said cache line is in other than said

shared state.

53. (Currently Amended) The method of Claim 49 [[51]] further
comprising maintaining a first count of how many times said first group of
instructions is rolled back and a second count of how many times said second

group of instructions is rolled back.

54. (Original) The method of Claim 53 further comprising eliminating one
or more instructions from said first group of instructions if said first count exceeds
a threshold and eliminating one or more instructions from said second group of

instructions if said second count exceeds said threshold.

55. (Original) The method of Claim 49 wherein said second state is
indicated by setting a first bit associated with said cache line, wherein said first
bit is cleared when said execution of said first group of instructions is ended, and
wherein said third state is indicated by setting a second bit associated with said
cache line, wherein said second bit is cleared when said execution of said

second group of instructions is ended.

Serial No.: 12/121,531 Examiner: Otto, A.
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56. (Currently Amended) A computer system comprising:

a processor;

a cache memory coupled to said processor and having a plurality of cache
lines; and

a memory unit coupled to said processor, wherein said memory unit has a
plurality of indicator bits per cache line, wherein a first indicator bit associated
with a cache line of said cache memory is set to indicate that said cache line has
been accessed responsive to said processor executing a first group of
instructions and wherein said first indicator bit is cleared when execution of said
first group of instructions is ended, wherein a second indicator bit associated with
said cache line is set to indicate that said cache line has been accessed
responsive to said processor executing a second group of instructions in parallel
with said first group and wherein said second indicator bit is cleared when
execution of said second group of instructions is ended;

wherein further, in response to an agent other than said processor

executing a third group of instructions that causes said cache line to be

accessed, said first group of instructions is rolled back provided said first bit is set

and said second group of instructions is rolled back provided said second bit is

set before allowing an instruction in said third group to access said cache line,

wherein otherwise said access is granted.

57. (Previously Presented) The computer system of Claim 56 wherein a
subset of address bits of said cache line is used to identify an entry in said
memory unit, wherein an indicator bit of said entry is set in response to said

cache line being accessed.
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REMARKS
The Office Action mailed August 26, 2010, and the Advisory Action mailed

October 29, 2010, were the last Office Actions issued prior to the Decision on
Appeal. According to those Office Actions, Claims 33-57 stand rejected on the
ground of non-statutory obviousness-type double patenting; Claims 33, 34, 39,
41,42, 47,49, 50, 55, 56, and 57 stand rejected under 35 U.S.C. § 103(a), as
more fully described below; and Claims 35-38, 40, 43-46, and 51-54 are
allowable if written in independent form once the double patenting rejection is

overcome.

Applicant thanks the Examiner for indicating the allowability of Claims 35-

38, 40, 43-46, and 51-54.
Please cancel Claims 34, 35, 42, 43, and 51 without prejudice. Claims 33,
36-41, 44-50, and 52-57 are pending. Claims 33, 36, 37, 41, 44, 49, 52, 53, and

56 are amended.

Double Patenting

Remaining Claims 33, 36-41, 44-50, and 52-57 stand rejected on the
ground of non-statutory obviousness-type double patenting as being
unpatentable over U.S. Patent No. 7,376,798. A terminal disclaimer is filed along

with this response, thereby overcoming the double patenting rejection.

Serial No.: 12/121,531 Examiner: Otto, A.
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§ 103 Rejections

Claims 33, 39, 41, 47, 56, and 57

Claims 33, 39, 41, 47, 56, and 57 stand rejected under 35 U.S.C. § 103(a)
as allegedly being unpatentable over Gray et al. ("Gray;” U.S. Patent No.
5,086,429) in view of Hady et al. ("Hady;” U.S. Patent Application Publication No.
2006/0112226).

Claim 33 is amended to incorporate the subject matter of allowable Claim
35 and intervening Claim 34. Claim 33 is therefore in condition for allowance, and
Claim 39 is also in condition for allowance because of its dependence on Claim
33. Therefore, a discussion of the rejection of Claims 33 and 39 under 35 U.S.C.

§ 103(a) is rendered moot at this time.

Claim 41 is amended to incorporate the subject matter of allowable Claim
43 and intervening Claim 42. Claim 41 is therefore in condition for allowance, and
Claim 47 is also in condition for allowance because of its dependence on Claim
41. Therefore, a discussion of the rejection of Claims 41 and 47 under 35 U.S.C.

§ 103(a) is rendered moot at this time.

With regard to Claim 56, Applicant respectfully submits that neither Gray
nor Hady nor the combination thereof teaches or suggests the features included
in the amendment to that claim, namely “in response to an agent other than said
processor executing a third group of instructions that causes said cache line to
be accessed, said first group of instructions is rolled back provided said first bit is
set and said second group of instructions is rolled back provided said second bit

is set before allowing an instruction in said third group to access said cache line,

Serial No.: 12/121,531 Examiner: Otto, A.
Docket No.: TRAN-P084C1 -11 - Art Unit: 2182
(2279USCN159990)
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wherein otherwise said access is granted.” Both of those references are silent
with regard to the recited features. Thus, Claim 56 overcomes the basis for
rejection under 35 U.S.C. § 103(a) and is in condition for allowance, and Claim
57 is in condition for allowance at least because of its dependence on an

allowable claim.

Claims 49, 50, and 55

Claims 49, 50, and 55 stand rejected under 35 U.S.C. § 103(a) as
allegedly being unpatentable over Gray and Hady in view of Examiner’s official

notice.

Claim 49 is amended to incorporate the subject matter of allowable Claim
51. Claim 49 is therefore in condition for allowance, and Claims 50 and 55 are
also in condition for allowance because of their dependence on Claim 49.
Therefore, a discussion of the rejection of Claims 49, 50, and 55 under 35 U.S.C.

§ 103(a) is rendered moot at this time.

Conclusions
In light of the above amendments and remarks, Applicant respectfully

requests reconsideration of the rejected claims.

Based on the amendments and arguments presented above, Applicant
respectfully asserts that pending Claims 33, 36-41, 44-50, and 52-57 overcome

the rejections of record, and therefore Applicant respectfully solicits allowance of

those claims.

Serial No.: 12/121,531 Examiner: Otto, A.

Docket No.: TRAN-P084C1 -12 - Art Unit: 2182
(2279USCN159990)

IPR2025-00218 Exhibit 2003 Page 184 of 257



Case 1:24-cv-00884-ADA  Document 26-12  Filed 01/09/25 Page 14 of 14

The Examiner is invited to contact Applicant’s undersigned representative
if the Examiner believes such action would expedite resolution of the present

application.

Please charge any fees or apply any credits to our PTO deposit account

number: 50-4160.

Respectfully submitted,

MuURABITO HAO & BARNES LLP

Date: June 30, 2014 [William A. Zarbis/

William A. Zarbis
Reg. No. 46,120

Address: Two North Market Street, Third Floor
San Jose, California 95113

Phone: (408) 938-9080 Ext. 113
Serial No.: 12/121,531 Examiner: Otto, A.
Docket No.: TRAN-P084C1 -13 - Art Unit: 2182
(2279USCN159990)
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FIG 12
Table 1
Signaling Radio
RRC Buaror SRB1 | SRB2 | SRB3 | SRB4
Log. channel type | DCCH | DCCH | DCCH | DCCH
RLC mode UM | AM | AM | AM
RLC : 136 | 128 | 128 | 128
Rl its | bits | bits | bits
Priority of
logical channel 1 : 3 4
MAC Multiplexing Mulitplexing of 4 log. channels
Transport channel type DCH
Transport block size 148 bits
Transport format TFO=0x148 bits
Phys. set (TFS) TF1=1x148 bits
layer Tn 40 ms
Coding type Rate 1/3 convolutional coding
CRC length 16 bits
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FIG 13
Table 2
RRC Radio Bearer RB1 RB2
Log. channel type DTCH DTCH
RLC mode AM AM
Rl Packet size 320 bits 320 bits
Priority of ’ 1
logical channel
MAC Multiplexing Mulitplexing of 2 log. channels
Transport channel type DCH
Transport block size 340 bits
Transport format TFO=0x340 bits
set (TFS) TF1=1x340 bits
TF2=2x340 bits
Phys TF3=23x340 bits
TF4=4x340 bits
Tl 20 ms
Coding type Rate 1/3 turbo coding
CRC length 16 bits
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FIG 14
Table 3
TFCS SIZE 10
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FIG 15
Table 4
RRC Radio Bearer RB1 RB2
Log. channel type DTCH DTCH
RLC mode AM AM
RLC Packet size 160 bits 160 bits
Priority of ’ 1
logical channel
MAC Multiplexing Mulitplexing of 2 log. channels
Transport channel type DCH
Transport block size 182 bits
Transport format TFO=0x182 bits
set (TFS) TF1=1x182 bits
TF2=2x182 bits
oh TF3=4x182 bits
J5 TF4="6x182 bits
TF5=8x182 bits
TTI 20 ms
Coding type Rate 1/3 turbo coding
CRC length 16 bits
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FIG 16
Table 5
TFCS SIZE 12
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METHOD FOR THE TRANSMISSION OF
DATA FIELD OF TECHNOLOGY

PRIORITY AND CROSS REFERENCE TO
RELATED APPLICATION

This application is a continuation of U.S. Ser. No. 10/595,
245, PCT filed on Aug. 30, 2004, which is a national stage
entry under 35 U.S.C. §371 of International Application No.

L

2

larly in the uplink direction, i.e.. from uvser terminal equip-
ment to a network or to the base station as part of a following
network.

According to the invention, in an architecture of a corre-
sponding communication system, RRC functionalities in the
form of at least one control and/or data processing means are,
therefore, moved from the RNC to the base station. Structural
conformity with the existing a UMTS standard is also imple-
mented. To this end, in particular, suitable signaling is created

PCT/EP04/51958, filed Mar. 29, 2006, which claims priority 1V by providing appropriate signaling means in the base station
to German application 103 45 220.6 filed Sep. 29, 2003, all of and user terminal equipment. In addition, special signaling
which are incorporated herein in their entirety by reference. transport blocks and two different transport block formats are
created. Additional features and advantages of the present
FIELD OF THE INVENTION invention are described in, and will be apparent from, the
15 following Detailed Description, Figures and Tables that fol-
The present invention relates generally to transmitting data low.
from a transmitter to a receiver in accordance with the Uni-
versal Mobile Telecommunications System (UMTS) stan- BRIEF DESCRIPTION OF THE FIGURES
dard.
20 FIG. 1 illustrates components of a radio communication
BACKGROUND system according to the UMTS standard.
FIG. 2 illustrates a protocol structure of the UMTS air
The UMTS radio interface is subdivided into three protocol interface.
layers: the physical layer as Layer 1, the data link layer FIG. 3 illustrates an architecture of the MAC-d entity on
including MAC, RLC, BMC, PDCP as Layer 2 and the net- 25 the UE side.
work layer with RRC as Layer 3. Within the protocol structure FIG. 4 illustrates an uplink transmission scenario.
ofthe UMTS air interface, a radio resource control RRC in the FIG. 5 illustrates mapping of data from transport channels
radio network control entity RNC is responsible for the con- to the physical channels.
trol and allocation of radio resources for all user equipment FIG. 6 illustrates an extended protocol structure of the
located in a radio cell. Resource management is currently 30 UMTS air interface.
performed on a relatively slow time basis because the corre- FIG. 7 illustrates transport block formats.
sponding signaling between the user equipment and the RNC FIG. 8 illustrates an MAC SDU format in the signaling-
is effected via the RRC messages. transport block case.
An essential task of the MAC-d entity in the MAC layer in FIG. 9 illustrates inband signaling.
the transmitter is, in the transmit case. to map the data applied 35 FIG. 10 illustrates a signaling procedure in the MAC layer
via the dedicated logical channels above the MAC layer to the according to Example 1 in the downlink direction.
dedicated transport channels of the physical layer. In the FIG. 11 illustrates a signaling procedure in the MAC layer
receiver, the task of the Mac-d is to distribute the data received according to Example 2 in the uplink direction.
on the dedicated transport channels to the dedicated logical FIG. 12 Table 1 lists parameters for the signaling radio
channels. In the receive case, the MAC-d entity again distrib- 40 bearers.
utes the data received via the dedicated transport channels to FIG. 13 Table 2 lists parameters for the radio bearers.
the relevant dedicated logical channels. On the transport FIG. 14 Table 3 lists the configurations permitted for trans-
channels, the data is transmitted in the form of fixed-length port format combinations.
packet units, the so-called transport blocks. With regard to the FIG. 15 Table 4 lists the parameters for the radio bearers
further standardization and evolution of UMTS within the 45 according to an embodiment of the invention.
Third Generation Partnership Project or 3GPP bodies. FIG. 16 Table 5 lists the configurations permitted for trans-
improvements for fast and efficient data transmission via the port format combinations according to an embodiment of the
dedicated transport channel are needed. invention.
SUMMARY 50 DETAILED DESCRIPTION
An object of the present invention is to improve a data In the Figures and further explanations. the same reference
transmission method according to the UMTS standard so as numerals and abbreviations are consistently used foridentical
to speed up data transmission. According to the invention, a parts, functional blocks, layers, and the like. Because of pro-
method for inband signaling (at the MAC layer level) of 55 gressive standardization at international level, the technical
information relevant to the UMTS base station is disclosed. terms and designations are predominantly borrowed from the
The present invention implements fast and efficient signaling Anglo-Saxon language area and should be understood by one
between the user terminal equipment UE and a particular of ordinary skill in the art.
UMTS base station at the MAC layer level. In the MAC layer A solution is proposed according to the invention in which
level it is. therefore, possible according to the invention to 60 only base-station-relevant information can be exchanged at
differentiate between data transport blocks and signaling MAC layer level between a base station and a user equipment
transport blocks and to handle them differently, thereby via special signaling transport blocks. A base station accord-
enabling user data and RRC signaling data to be exchanged ing to the invention, therefore, likewise possesses resource
between user terminal equipment and base station in the management functions, e.g., for reconfiguring the physical
normal way. Signaling data additionally relevant to the base 65 channels or for switching the transport channel type. In this
Station is only exchanged between user terminal equipment regard, new signaling mechanisms between a base station and
and base station. This speeds up data transmission particu- a user equipment, enabling the base station to perform radio
IPR2025-00218 Exhibit 2003
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resource management as quickly and efficiently as possible,
will also be defined and described below. To facilitate orien-
tation, the basic principles of the network and protocol archi-
tecture according to the UMTS standard will first be
explained.

FIG. 1 illustrates an example radio communication system
FCS operated in accordance with the Universal Mobile Tele-
communications System or UMTS standard. In FIG. 1, a
radio cell CE1, a base station BS1 and a higher-order radio
network control entity RNC1 are disclosed. The base station
BS1 is controlled via an associated data line L1 by the higher-
order radio network control entity RNC1, which monitors the
assignment of radio resources in the radio cell CE1 served by
the base station BS1. The base station BS1 is representative of
a plurality of other base stations BS (not shown in detail in
FIG. 1) of the radio communication system FCS that possess
and cover the corresponding radio cells CE. Between the base
station BS1 and a radio communication equipment (in this
case, one of the mobile telephones UET-UES in the radio cell

CE1)message and/or data signals are transmitted over at least 2

one predefined air interface Uu according to a multiple access
transmission method.

In UMTS frequency division duplex or FDD mode, for
example, separate signal transmission in the uplink and

L

'

4

the relevant physical channels Phy. The physical layer Phys
provides its services to the MAC layer via transport channels
which specify how and with which characteristic the data is to
be transported over the air interface Uu. The essential func-
tions of the physical layer Phys include channel coding,
modulation and CDMA code spreading. Correspondingly. on
the receiver side, the physical layer Phys performs CDMA
code de-spreading, demodulation and decoding of the
received data and then forwards it to the MAC layer for
further processing.

The MAC layer provides its services to the RLC layer via
logical channels Log that characterize the data type of the
transported data. The task of the MAC layer in the transmitter
is to map the data present on a logical channel Log above the
MAC layer to the transport channels Transp of the physical
layer Phys. For this purpose, the physical layer Phys provides
the transport channels with different transmission rates. One
of the essential functions of the MAC layer in the transmitter
is, therefore, to select a suitable transport format TF for each
configured transport channel Transp depending on the instan-
taneous transmission rate, the transmitted power and the data
priority of the logical channels [.og mapped to that transport
channel Transp. For example. a transport format TF specifies
how many MAC packet units, known as a transport block. are

downlink direction is achieved by means of corresponding 25 sent to the physical layer Phys via the transport channel
separate assignment of frequencies or frequency ranges, Transp per transmission time interval TTT. In the receiver, the
uplink signifying signal transmission from the user equip- MAC layer distributes the transport blocks received on the
ment to the relevant base station, and downlink denoting transport channels Transp to the logical channels Log. The
signal transmission from the assigned base station to the user MAC layer consists of three logical units.
equipment. A plurality of users or more precisely mobile 30 The MAC-d entity handles the user and control data that
telephones UEL-UES in the same radio cell CE1 are prefer- are mapped to the dedicated transport channels DCH via the
ably separated via orthogonal codes. in particular, according corresponding dedicated logical channels DTCH (Dedicated
to the so-called code division multiple access or CDMA Traffic Channel) and DCCH (Dedicated Control Channel).
method. In this example, a number of user equipments UET, The MAC-c/sh (MAC-control/shared) entity handles the user
UE2, UE3, UE4 and UES are present in the radio cell CE1 of 35 and control data of logical channels that are mapped to the
the base station BS1. The UMTS air interface Un is subdi- common transport channels such as RACH in the uplink or
vided into three protocol layers. FIG. 2 illustrates the protocol FACH in the downlink. The MAC-b (MAC-broadcast) entity
structure in terms of the dedicated transport channel DCH. handles only the radio-cell-relevant system information
The lowest layer is the physical layer, Layer 1. The next which is broadcast to all the UEs in the relevant radio cell by
higher layer is the data link layer, Layer 2, comprising MAC, 40 mapping the logical broadcast control channel BCCH to the
RLC, BMC and PDCP. The highest layer is the network layer transport broadcast channel BCH. The RLC layer provides its
with the RRC, Layer 3. This architecture is present both in the services, in the case of RRC, via the signaling radio bearers
user equipment UE and in the UMTS network, also known as SRB. In the case of PDCP and BMC. this takes place via the
UMTS Terrestrial Radio Access Network or UTRAN, includ- radio bearers RB. The SRB or RB characterize how the RLC
ing the base stations BS and the radio network control entities 45 layer has to deal with the data packets.
RNC. Each protocol layer provides its services to the next For this purpose, for example, the transmission mode for
higher layer via defined service access points. each configured SRB or RB is defined by the RRC layer:
To make the architecture easier to understand, these service transparent mode TM, unacknowledged mode UM or
access points are provided with commonly used and unique acknowledged mode AM. the RLC layer being modeled in
names such as logical channels, transport channels, radio 50 such a way that there is one independent RLC entity per RB
bearers RB, and signaling radio bearers SRB. The protocol or SRB. In addition, the task of the RLC protocol in the
architecture shown in FIG. 2 is not only subdivided horizon- transmitter is to divide or combine the user and signaling data
tally into the abovementioned layers and units, but also ver- of RBs or SRBs into packets. In the case of the UM and AM
tically into the control plane (C-plane), including the physical transmission modes, the relevant RLC entity stores the copies
layer, MAC, RLC and RRC, and the user plane (U-plane), 55 of the data packets present at an RB or SRB in an RLC
including the physical layer, MAC, RLC, PDCP and BMC. transmit buffer until they can be successfully transported over
Only control data required for setting up and maintaining a the air interface Uu by the layers below RLC. The RLC layer
connection is transmitted via the C-plane, whereas the actual transfers the data packets resulting from the dividing or com-
user data is transported via the U-plane. Each protocol layer bining to the MAC laver for further transportation. The RRC
or protocol entity has particular functions. The protocol archi- 60 protocol is responsible for setup and cleardown. the recon-
tecture is described in detail in [1]. On the network side, the figuration of physical channels Phy. transport channels
physical layer is in the relevant base station and radio network Transp, logical channels Log, signaling radio bearers and
control entity, whereas the MAC, RLC, PDCP, BMC and radio bearers, as well as negotiation of all the parameters of
RRC are in the radio network control entity only. On the the Layer 1 and 2 protocols. For this purpose, the RRC entities
transmitter side, the task of the physical layer Phys is to 65 inthe RNC and UE exchange corresponding RRC messages
ensure reliable transmission of the data coming from the via the SRBs. For RRC layer details, see [2]. The PDCP
MAC layer via the air interface Uu, the data being mapped to protocol is only responsible for the transmission of packet-
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switched (PS) domain data. Its main function is to compress
or decompress EP header information. The BMC protocol is
used on the network side to transmit so-called cell broadcast
messages over the air interface Uu.

The functional basics of the MAC-d entity will now be
described. The MAC-d entity in the MAC layer handles the
user and control data which are mapped via the corresponding
dedicated logical channels DTCH (Dedicated Traffic Chan-
nel)and DCCH (Dedicated Control Channel) to the dedicated
transport channels DCH. The relevant details are described in
|3]. By way of example, FI1G. 3 shows the architecture of the
MAC-d entity on the UE side:

[fconfigured by RRC. the user and control data are mapped
by block transport channel type switching from DTCH
and DCCH to common transport channels such as
RACH, for example. and forwarded to the MAC-¢/sh
entity for further processing.

C/TMUX is used if multiplexing of a plurality of dedicated
logical channels to the same transport channel is per-

formed. In this case, in order to ensure unambiguous 2

identification, the data packets from the relevant logical
channels have a 4-bit C/T field added as the MAC header
in which the identity of the logical channel is entered.
This enables the MAC-d entity on the receiver side to
clearly identify the logical channel from which the
received data originates.

In the case of RLC transparent mode, TM, the data packets
are encrypted (ciphering) in the transmit case or
decrypted (deciphering) in the receive case.

The task of the UL TFC selection block is uplink schedul-
ing. i.e. selecting a suitable transport format combina-
tion TFC for all the configured DCHs depending on the
instantaneous transmission rate, the transmitted power
and the data priority of the dedicated logical channels
which are mapped to the transport channels.

To facilitate understanding of how the protocols relate to
one another, an example will now be explained. For this
purpose, a scenario is assumed in which the user equipment
UE1 in the radio cell CE1 is using two uplink packet services
of 64 kbps each in parallel, e.g., for Internet browsing and
streaming of data. The UE1 has been allocated dedicated
radio resources by the RRC layer in the RNC1 on the basis of
the current traffic situation in the radio cell CEl and the
requested quality of service QoS. In detail, the individual
protocol layers or protocol entities have been configured by
the RRC layer in the RNC1 for the downlink and uplink in
such a way that a particular QoS, such as a certain guaranteed
or maximum data rate and/or a defined transmission delay
shall be ensured by the Layer 1 and 2 protocols for the dura-
tion of the mobile connection. The configuration specified by
the RNC1 is then signaled to the RRC layer in the user
equipment UEL.

FIG. 4 illustrates a typical configuration for the uplink
transmission scenario illustrated. In the U-plane, two RBs are
specified, i.e., RB1 and RB2, via which the user data of the
relevant packet service is transmitted. In the RLC layer, each
RB is mapped to an RLC entity and logical traffic channel
DTCH. In the C-plane, four 3.4-kbps SRBs SRB1 to SRB4
specified on the basis of the different types of control mes-
sages are mapped to an RLC entity and logical control chan-
nel DCCH in the RLC layer. In the MAC-d entity, two trans-
port channels DCH1 and DCH2 are configured. The two
logical traffic channels DTCH1 and DTCH2 are multiplexed
onto the transport channel DCHI in the U-plane and the four
logical control channels DCCHI to DCCH4 are multiplexed
onto the transport channel DCH2 in the C-plane. In the physi-
cal layer, the two transport channels are channel-coded and
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multiplexed onto a coded composite transport channel
CCTrCH of 10 ms frame length. Based on FDD radio trans-
mission technology, the data is transmitted over the air inter-
face Uu to UTRAN on the CCTrCH after spreading and
modulation via the dedicated physical data channel DPDCH
with SF=16. Specific physical layer control information is
transmitted on the dedicated physical control Channel
DPCCH with spreading factor SF=256 to enable the physical
layer in the base station BS1 to also correctly decode the data
on the DPDCH after decoding the control information on the
DPCCH.

FIGS. 12 to 14, Tables 1 to 3 summarize the configured
parameters for the signaling radio bearers, radio bearers and
the permitted transport format combinations. For the process-
ing of the data packets in the transmit buffers of the relevant
RLC-entities, the logical channels are assigned different pri-
orities from 1 to 8. Priority 1 constitutes the highest and
priority 8 constitutes the lowest priority. On the basis of these
priorities, the data packets are preferred by the logical chan-
nels having a higher priority. In the event of a stalemate
situation, i.e., both or a plurality of logical channels on the
same transport channel have the same priority, the buffer
occupancy BO is taken into account as a further criterion. If,
in the case of equal priority of, e.g., two logical channels on
the same transport channel, the buffer status of logical chan-
nel 1 is higher than that of logical channel 2, the data is first
processed by channel 1.

For the transport channel DCHI, five transport formats
TF0to TF4 in the transport format set TFS are configured. For
example, the transport format TF2 specifies that, in each
transmission time interval TT1 of 20 ms, two transport blocks
TB of size 340 bits are transmitted via the DCHI to the
physical layer where 16 CRC checksum bits are added to each
transport block for error detection. The two transport blocks
are then jointly channel-coded by a rate 1/3 turbo coder in
order to protect them from transmission errors that may be
caused by the transmission channel. For the transport channel
DCH2, on the other hand, only two transport formats TF0 and
TF1 in the transport format set TFS are configured. Thus, the
transport format TF1 specifies that, in each transmission time
interval TTI=40 ms, one transport block of size 148 bits is
transmitted via the DCH2 to the physical layer where 16 CRC
checksum bits are added to the transport block for error detec-
tion. The transport block is then channel-coded by a rate 1/3
convolutional coder.

The coded data of the two transport channels are then
jointly multiplexed onto a CCTrCH frame depending on their
respective TT1s. On the basis of TTI=20 ms, the data from
DCHI is transmitted over the air interface to UTRAN in two
consecutive frames, whereas the data from DCH2, on the
basis of TTI=40ms, is transmitted in four consecutive frames.
The permissible combination of transport formats of the two
transport channels DCH1 and DCH2 on the CCTrCH is speci-
fied by the transport format combination set TFCS. The maxi-
mum number of possible transport format combinations TFC
is the product of the number of transport formats configured
for each transport channel. It lies within the responsibility and
control of UTRAN to correctly specify the size of the TFCS,
i.e., the number and type of the permitted combinations of
transport formats of different transport channels. In practice.
the permitted number of TFCs in a TFCS is less than the
theoretically possible maximum. In this embodiment, the
permitted size of the TFCS=10 is also the actual maximum
number, also 5 TFs from DCH1 and 2 TFs from DCH2. These
10 permitted transport format combinations are listed in FIG.
14 Table 3. The notation of the TFCs is defined withi=0 .. . 4
and j=0.1 for TF#i from DCH1, TF#j from DCH2.
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FIG. § illustrates an example of uplink scheduling in which
the MAC-d entity has selected the transport format combina-
tion TFC8 for data transmission as a function of the instan-
taneous transmission situation. the combination TFC8=(TF3.
TF1) specitying that the relevant portions of the coded data of
three transport blocks TB1, TB2, TB3 from DCHI1 (=TF3)
and of one transport block (TB1) from DCH2 (=TF1) are
transmitted on the CCTrCH. To ensure that the physical layer
in the base station BS1 can correctly decode the data on the
DPDCH, the transport format combination TFC8 used on the
CCTrCH is signaled on the DPCCH as control information.
An essential aspect of the present invention is the definition of
special signaling transport blocks STB for inband signaling
of base-station-relevant information at the MAC layer level.
This allows fast and efficient control of radio resources. With-
out limiting generality, it will now be assumed that the base
station BS possesses the following RRC functions:

Reconfiguration of physical channels in the uplink and
downlink

Reconfiguration of the transport formats and transport for-
mat combinations in the uplink and downlink

Switching of the transport channel type, i.e. from common
transport channels to dedicated transport channels and
vice versa

Setting of the uplink SIR,,..., for fast performance control
of dedicated physical channels

Specifically. a solution according to the invention looks as
follows:

1. Extended UTRAN Protocol Architecture:

Within the UTRAN protocol architecture, a new entity
with the designation Medium Access Control Enhanced
Uplink, abbreviated to MAC-EU, is defined in the MAClayer.
A correspondingly extended UTRAN protocol architecture is
shown in FIG. 6 analogously to the depiction in FIG. 2. On the
network side the MAC-EU entity is only in the base station,
the MAC-EU performing all the functions required for inband
signaling of base-station-relevant information concerning the
signaling transport blocks for radio resource control.

These functions include:

Generating one or more signaling transport blocks for

inband signaling;

Selecting a transport channel for transmitting the signaling
transport blocks;

Multiplexing signaling transport blocks within the trans-
port blocks of a transport channel that are to be trans-
mitted:

Demultiplexing signaling transport blocks within the
received transport blocks of a transport channel;

Forwarding the information transmitted in the signaling 3

transport blocks to the RRC entity in the base station or
UE for further processing and

Checking for reliable transmission or reception of mes-
sages in signaling transport blocks.

Depending on the RRC functionality of the base station BS,
various types of messages are exchanged between the base
station BS and a user equipment UE via an STB. This new
transport block typically contains, according to the following
non-exhaustive list:

Physical Channel Reconfiguration Control: message from
the base station to the UE to reconfigure the physical
channels in the uplink and downlink.

TF Reconfiguration Control: message from the base station
to the UE to reconfigure the transport format and trans-
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transport channel, i.e. the RLC buffer status of all the
RBs or logical channels which are multiplexed into the
transport channel.

Buffer Status Report: reply from the UE to the base station
in response to the buffer status control message with
signaling of the data volume of the transport channel.

2. Definition of Transport Block Types:

Two new transport block formats are defined for the dedi-
cated logical channels DTCH and DCCH depending on the
MAC-multiplexing, see FIG. 7. Without limiting generality. a
DCH transport channel is considered in FIG. 7, i.e., in prin-
ciple the new formats can also be used for the common
transport channels such as RACH in the uplink and FACH in
the downlink:

Case a): DTCH or DCCH are mapped to a DCH transport

channel without multiplexing. In this case only a 2-bit
D/C field is added as a MAC header.

Case b): DTCH or DCCH are mapped to a DCH transport
channel with multiplexing. In this case the MAC header
consists of the 2-bit D/C field and the 4-bit C/T field in
which the relevant identity of the logical channel is
transmitted.

The field is designated D/C as an abbreviation for Data/
Control. The D/C field indicates the transport block type:

With D/C=00 a signaling transport block STB is signaled.
The MAC SDU then constitutes the packet unit via
which only base-station-relevant information for radio
resource control is exchanged between user equipment
and base station.

Correspondingly, D/C=11 signals a normal transport block
by means of which user or RRC signaling data is trans-
mitted, as hitherto. The MAC SDU then constitutes the
packet unit which receives the MAC layer via DTCH or
DCCH.

3. Structure of the Signaling Transport Block:

FIG. 8 shows the general structure of the MAC SDU part of

a signaling transport block STB via which n messages can be
transmitted:

TN UL: this status field or field transmits an uplink trans-
mission number and is used for tracking the transmis-
sion status in the uplink. The field is k bits long.

TN DL: this field transmits a downlink transmission num-
ber and is used for tracking the transmission status in the
downlink. The field is k bits long.

Poll: this field is used to request from the receiver an
acknowledgment of successful transmission of a signal-
ing transport block within a specified time. The field is 1
bit long.

MT: in this field the message type transmitted in the fol-
lowing message part is specified. The field is 1 bitcoded.

MP: in this field the message specified by the MT part is
transmitted. The field has a variable length of m bits
depending on the type of message to be transmitted.

Flag: this field is used to indicate whether or not the field
MT, i.e., another message, is transmitted in the follow-
ing field. The field is 1 bit long.

Pad: this field is used to pad out the unused part in the MAC
SDU with so-called dummy bits.

Thesstatus fields TN UL, TN DL and Poll are used to check for
reliable transmission of messages in a signaling transport
block. This is implemented by the following mechanism:

The MAC-EU entity in the UE has an uplink transmission
counter Z1 with an integer value range of 0 to N-1,
coded with k bits. Foreach STB transmitted in the uplink

port format combinations in the uplink and downlink. 65 direction, the current value of this uplink counter is

Buffer Status Control: message from the base station to the transmitted in the field TN UL and then incremented by

UE to transmit the current data volume of a particular one. The value of the last DL-STB received is addition-
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ally transmitted in the field TN DL. When the maximum
count has been reached, 71 is reset to 0 and incremented
once again.

Similarly, the MAC-EU entity in the base station has a
downlink transmission counter Z2 with an integer value
range of 0 to N-1, coded with k bits. For each STB
transmitted in the downlink direction, the current value
of this downlink counter is transmitted in the field TN
DL and then incremented by one. The value of the last
UL-STB received is additionally transmitted in the field
TN UL. When the maximum count has been reached, 72
is reset to 0 and incremented once again.

Using the status field Poll, the relevant MAC-EU entities
can if necessary request acknowledgment of successful
reception of the STB within a specified time from the
relevant receiver entities, i.e., by a set poll bit=1.

In the case of error-free transmission conditions, the relevant
MAC-EU entities in the receiver receive a sequential numeri-

cal order of signaling transport blocks, i.e., any transmission 2

errors are detected by breaks in the sequential numerical
order.

To summarize, according to the invention there are defined.
within the MAC_protocol layer, special signaling transport
blocks via which in future fast and efficient inband signaling
for radio resource control between a base station and a user
equipment can be implemented, thereby providing the fol-
lowing advantages. The invention supports an extended
UTRAN protocol architecture with RRC functionality in the
base station, so that radio resources can in future be managed

closer to the air interface. In this way, reconfigurations of

radio resources in the uplink and downlink can be carried out
much more quickly and efficiently for a user equipment as a
function of the traffic load in a radio cell. Data transmission in
the downlink and particularly in the uplink can be signifi-
cantly improved in terms of transmission delay and data
throughput.

In the examples which follow, the extended UTRAN pro-
tocol architecture shown in FIG. 6 with the new MAC-EU
entity in the MAC layer will be considered. Without limiting
generality. it will be assumed that the base station possesses
the following RRC functions, as already stated above:

Reconfiguration of physical channels in the uplink and
downlink

Reconfiguration of the transport formats and transport for-
mat combinations in the uplink and downlink

Switching of the transport channel type, i.e., from common
transport channels to dedicated transport channels and
vice versa

Setting of the uplink SIR,,...., for fast performance control
of dedicated physical channels

Data transmission between a UE and UTRAN via a dedicated
connection with the following configuration is considered:

For uplink and downlink a transmission scenario according
to FIG. 4 is considered.

In the U-plane the user data is transmitted on two RBs, i.e..
RB#1 and RB#2. The configuration of the two RBs is
summarized in FIG. 15_Table 4.

In the C-plane, 4 SRBs (SRB#1 to SRB#4) are configured.
Their parameters are summarized in FIG. 12_Table 1.

FIG. 16 Table 5 lists the permitted transport format com-
binations, a total of 12 combinations now being defined.

A transport block format according to case b) in FIG. 7 is
considered, i.e.. the MAC header consists of the fields
D/C and C/T.
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In respect of the format of a signaling transport block
according to FIG. 8. the following configuration is con-
sidered: fields TN UL, TN DL and M1 3 bits long in each
case.

Example 1 of an embodiment: inband signaling in the
downlink. The downlink transmission counter 72 is in the
initial state with the value 0 and MAC-EU in the base station
has yet to receive a UL-STB from the UE. Because of the
current traflic Situation in the radio cell. the base station
wants to send two radio resource control messages to the UE
via a DL-STB within the existing dedicated data transmission
between UE and UTRAN:

Physical Channel Reconfiguration Control for reconfigur-
ing the dedicated physical channels in the uplink and
downlink, e.g.. new parameters for SF, channelization
code and scrambling code.

Buffer Status Control for transmitting the current data vol-
ume of the dedicated UL transport channel DCH1.
Based on the downlink scheduling, the MAC-d entity in the
RNC has selected TFC9 for data transmission on the
CCTrCH, i.e., the relevant portions of the coded data of four
transport blocks (TB1, TB2, TB3, TB4) from DCH1 (=TF3)
and of one transport block (TB1) from DCH2 (=TF1)areto be

transmitted in the physical layer every 10 ms.

Because of the available transmission capacity on DCHI,
the MAC-EU in the base station BS selects this transport
channel for transmitting its 182-bit signaling transport block.
MAC-EU signals the requirement to the MAC-d entity so that
only three normal transport blocks are actually transmitted
over the DCHI1. The MAC-EU now generates an STB with
the following configuration:

D/C=00

C/T=dummy bits, as this field has no significance in the
case of an STB

TN UL=0

TN DL=0

Poll=0

MT=Physical Channel Reconfiguration Control

MP1=content of the Physical Channel Reconfiguration
Control message

Ilag-1=1, in Order to indicate that another message fol-
lows

MT=Buffer Status Control

MP2=content of the Buffer Status Control message

FFlag-2=0, in order to indicate that another message follows

Pad=dummy bits, if required

This STB is then multiplexed by the MAC-EU within the
normal transport blocks of DCHI to be transmitted, as shown
in FIG. 9, and passed on to the physical layer for further
processing. The basic signal flow is shown in FIG. 10, the
dash-dotted line clearly indicating the physical separation of
the MAC layer as a logical entity. In order that the physical
layer in the UE can correctly decode the data on the DPDCH,
the transport format combination TFC9 used on the CCTrCH
is signaled on the DPCCH as control information. In the
MAC-EU entity in the UE, the received transport blocks on
the DCHI are evaluated on the basis of the D/C field in the
MAC header, and, if D/C=00, the DL-STB1 is demultiplexed
accordingly. The three other transport blocks TB 1. TB2 and
TB3 are passed on to MAC-d entity for further processing.

Example 2 of an embodiment: inband signaling in the
uplink. The uplink transmission counter 71 is in the initial
state with the value 0 and the MAC-EU in the UE has received
the DL-STB from the base station. On the basis of the
received messages, on the one hand the physical channels in
the uplink and downlink are reconfigured while, on the other,
measurement of the data volume on the UL-DCHI is per-
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formed. As aresponse thereto, the Buffer Status Report is now
to be sent to the base station via a UL-STB. Based on the
uplink scheduling, the MAC-d entity in the UE has selected
TFC9 for data transmission on the CCTrCH, i.e.. the relevant
portions of the coded data of four transport blocks (TB1, TB2.
TB3, TB4) from DCHI1 (=TF3) and of one transport block
(TB1) from DCH2 (=TF1) are to be transmitted in the physi-
cal layer every 10 ms.

Because of the available transmission capacity on DCHI,
the MAC-EU selects this transport channel for transmitting
its 182-bit signaling transport block. MAC-EU signals the
requirement to the MAC-d entity so that only three normal
transport blocks are actually transmitted over the DCH1. The
MAC-EU now generates an STB with the following configu-
ration:

D/C=00

C/T=dummy bits, as this field has no significance in the
case of an STB

TN UL=0

TN DL=0

Poll=0

MT=Buffer Status Report

MP 1=content of the Bufler Status Report message

Flag-1=0, in order to indicate that no other message fol-
lows

Pad=dummy bits, if required

This STB is then multiplexed by the MAC-EU within the
normal transport blocks of DCHI1 to be transmitted, as shown
in FIG. 9, and passed on to the physical layer for further
processing. The basic signal flow in the uplink direction is
shown in F1G. 11 where, in contrast to the situation in F1G. 10,
there is no physical Separation of the MAC layer. In order that
the physical layer in the base station can correctly decode the
data on the DPDCH, the transport format combination TFC9
used on the CCTrCH is signaled on the DPCCH as control
information. In the MAC-EU entity in the base station, the
received transport blocks on the DCHI are evaluated on the
basis of the D/C field in the MAC header, and, if D/C=00, the
UL-STB1 is demultiplexed accordingly. The three other
transport blocks TB1, TB2 and TB3 are passed on to MAC-d
entity in the RNC for further processing.

Within the scope of the description of the present invention,
reference is made particularly to the following literature:
3GPP TS 25.301: Radio Interface Protocol Architecture
3GPP TS 25.331: Radio Resource Control (RRC) protocol
specification
3GPP TS 25.321: Medium Access Control (MAC) protocol
specification
In addition, the following abbreviations are used:
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FACH Forward Access Channel
FCS Radio communication system
FDD Frequency Division Duplex
IP Internet Protocol
kbps Kilobits per second
Log Logical Channel
MAC Medium Access Control
MAC-b MAC broadcast
MAC-c/sh MAC control/shared
MAC-d MAC dedicated
MAC-EU MAC Enhanced Uplink
MP Message Part
MT Message Type
PDCP Packet Data Convergence Protocol
PS Packet-switched
Phy Physical Channel
Phys Physical layer
QOS Quality of Service
RACH Random Access Channel
RB Radio Bearer
RLC Radio Link Control
RNC Radio Network Controller, radio network control entity
RRC Radio Resource Control
SDU Service Data Unit
SF Spreading Factor
SIR Signal to Interference Ratio
SRB Signaling Radio Bearer
STB Signaling Transport Block
TB Transport Block
TF Transport Format
TFC Transport Format Combination
TFCS Transport Format Combination Set
TFS Transport Format Set
TM Transparent Mode
TN Transmission Number
Transp Transport Channel
TTI Transmission Time Interval
UE User Equipment
UL Uplink
UM Unacknowledged Mode
UMTS Universal Mobile Telecommunications System
UTRAN UMTS Terrestrial Radio Access Network
It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present invention and without
diminishing its intended advantages. It is therefore intended
that such changes and modifications be covered by the

3GPP Third Generation Partnership Project 50 appended claims.

AM Acknowledged Mode

BCCH Broadcast Control Channel The invention claimed is:

BCH Broadcast Channel 1. A method for transmitting data from user terminal equip-

BMC Broadcast Multicast Control ment to a base station, the base station configured to process

BO Buffer Occupancy 55 at least one resource management function, comprising:

BS Base Station performing inband signaling of information relevant to the

CCTrCH Coded Composite Transport Channel base station at the MAC layer level between a user

CDMA Code Division Multiple Access terminal equipment and the base station by:

CE Radio cell multiplexing the inband signaling information with data of

CRC Cyclic Redundancy Check 60 a transport channel that is to be transmitted, wherein the

D/C Data/Control inband signaling information comprises Buffer Status

DCCH Dedicated Control Channel Report information signaling volume of the data of the

DCH Dedicated Channel transport channel from the user terminal equipment to

DL Downlink the base station based on at least one radio resource

DPCCH Dedicated Physical Control Channel 65 control message received from the base station.

DPDCH Dedicated Physical Data Channel 2. The method according to claim 1, wherein the transport

DTCH Dedicated Traffic Channel channel is a dedicated or common transport channel.
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3. The method according to claim 1, further comprising
providing an uplink transmission number in the inband sig-
naling information for tracking the transmission status in
uplink.

4. The method according to claim 1. further comprising
providing a downlink transmission number in the inband
signaling information for tracking the transmission status in
downlink.

5. The method according to claim 1, further comprising

L

14

14. The method according to claim 1, further comprising
selecting a transport channel for transmitting the inband sig-
naling information.

15. The method according to claim 1, further comprising
increasing a transmission counter after transmitting the
inband signaling information.

16. A user terminal device configured to transmit data to a
base station, wherein the base station is configured to process
at least one resource management function. the user terminal
device configured to:

providing a message type in the inband signaling information 10 perform inband signaling of information relevant to the
indicating a type of message to be transmitted. base station at the MAC layer level between a user
6. The method according to claim 5, further comprising terminal device and the base station by: :
providing a message part in the inband signaling information ml:zhtlrlil;:;(r:ﬁ tllltl.d 1[111]:)311[(]11 ;:g;l;l)l;% ll:jdl;(:::::«lillll::;l 3;1111 rf:‘lidl ;:Lf
having a variable length based on the message type to be . : e ]
1 l“‘;lll;lﬁil:lf\(;dn © Jeigiy dasedion Tie message ype 10 e 45 inband signaling information comprises Buffer Status
7 The m.ethud according to claim 1, further comprising Report information signaling volume of the data of the
providing a Flag in the inband signaling information indicat- :ansp:ntt Chi];]m:(lj from ;he :'Ser teréynm]‘dew.cie‘ to tthT
ing whether another message is transmitted in the subsequent 11?;;s;§el?elle$ od ?r::;: ;}T:Sbaofées:ztjg)nremumt SRR
field. . ; o
8. The method according to claim 1, further comprising: 20 17.The user terminal device according to claim 16, further
providing a Pad in the inband signal ing.inlhnnalion for pad- gg&girui 1D iranst l}‘w inband signaling information using
ding out unused part in MAC Service Data Unit (MAC SDU) =55 ﬂ:’;?]:;i‘; l}['l‘i‘]‘:afladc:‘;ice according o claim 16, further
with dummy bits. - : : . R
9. The method according to claim 1, further comprising , ;{I};}Sgurti to transmit the inband signaling information in
exchanging, in the inband signaling information, various 19 I}F,E e:sertermi wiiiefioeacoarigin il 16 fulisr
radio resource confrol messages between the base Station 2 : : s B o
(BS) and the user terminal equipment (UE). c;)l]fig‘xllll'c;cri {0‘ transfer the inband signaling information to the
10. The method acoording I claim 1, funher comprising ’ g:}mi bc;);r‘“tation configured to receive data from a user
transmitting the inband signaling information using CDMA 4, ; il 1 d 5 i gh b N fistined
Vi i b s erminal device, wherein the base station is configured to
11. The method according to claim 1, further comprising p{;?:f:;: ]]ga i;:rgélioresource management function, the base
Lo : * * L) : s - staty i v
transmitting the inband s:g_nalmg information in FDD n}o_de. receive in%an - sionaling infarmation rdlevarit o the base
12. The method according to claim 1, further comprising totion. af 1he %ul AC El’a o ]c;el Beirs bt termiand
transferring the inband signaling information to the physical 54 Z loais ALY 4 use
]a Cr. = IC.C y . . . . - g
yl3.'lhc method according to claim 1, wherein performing de-multiplexing the inband signaling information from
inband signaling of information comprises: data of a transport channel that is transmitted by the user
. : : i sl e terminal device, wherein the inband signaling informa-
reconﬁgur!ng physical c}lanne]s s .downlmk. tion comprises Buffer Status Report injgormarigon signal-
rec;)_nﬁg_um]g tml}?‘:ﬁn igr:inats ?ni transport format com-= 4 ing volume of the data of the transport channel from the
inations in uplink and downlink; 2 g :
switching tra nsp[:)n channel type b e e s user terminal device to the base station based on at least
port channels and dedicated transport channels; o gnc radu_) resource control message transmitted by the
setting uplink SIR,,,.., for fast performance control of Az Hiation.
dedicated physical channels. * % ¥ # #
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[57] ABSTRACT

A novel and improved method and system for paging a
cellular telephone or other wireless terminal using two
paging channels that reduces standby mode power consump-
tion described. In one embodiment of the invention, a
minimally encoded quick paging channel is established over
which short, quick page messages are transmitted during one
of a set of quick paging slots. The quick page message
indicates that a communications request has been received,
and that the receiving communication terminals should
process a highly encoded full paging channel over which
more detailed, full page messages are transmitted during the
next full paging slot. A terminal monitors full paging chan-
nel only after a quick page message has been received on the
quick paging channel.

17 Claims, 6 Drawing Sheets
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DUAL CHANNEL SLOTTED PAGING

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates to wireless telecommunica-
tions. More particularly, the present invention relates to a
novel and improved method and apparatus for paging a
cellular telephone or other wireless communications device
using a quick paging channel and a full paging channel.

II. Description of the Related Art

The IS-95 cellular telephone standard (and its derivatives
such as IS-95A and ANSI J-STD-008 referred to herein
collectively as IS-95) uses advanced signal processing tech-
niques to provide efficient and high quality cellular tele-
phone service. For example, an IS-95 compliant cellular
telephone system utilizes vocoding, error detection, forward
error correction (FER), interleaving and spread spectrum
modulation in order to make more efficient use of the
available RF bandwidth, and to provide more robust con-
nections. In general, the benefits provided by IS-95 include
longer talk time and fewer dropped calls when compared to
other types of cellular telephone systems.

To conduct communications in an orderly manner, [S-95
provides a set of highly encoded channels over which data
having different functions is transmitted. These highly
encoded channels include a paging channel over which
paging messages are transmitted notifying cellular tele-
phones or other types of wireless terminals that an incoming
request to communicate is pending. In accordance with the
IS-95 standard, paging messages are transmitted at low to
medium data rates during time slots that are preassigned to
groups of cellular telephones. Table I provides the data
included in a General Page Message as an example of a
typical paging message generated substantially in accor-
dance with the IS-95A standard.

TABLE I

Message Field Length (Bits)

MSG_TYPE (Message Type)
CONFIG_MSG__SEQ
ACC_MSG__SEQ
CLASS_0_DONE
CLASS_1_DONE
RESERVED

BROADCAST _DONE
RESERVED
ADD_LENGTH
ADD__PFIELD 8 x ADD_LENGTH
And zero or more occurrences of the following page record:

[P N e A -]

PAGE__CLASS
PAGE_ SUBCLASS

Page class specific fields

el
2

Typically 2-12 bytes.

Table 1 is provided simply to illustrate the length of a
typical paging message, so a detailed description of the
function of each field is not included herein. Such a detailed
description may be obtained, however, by referring to the
well known, and publicly available, 15-95 standard (in
particular the IS-95A standard).

To monitor for paging messages, a cellular telephone
periodically monitors the paging channel during the
assigned paging slot. In particular, the cellular telephone
periodically activates complex RF and digital signal pro-
cessing circuitry for as long as is necessary to successfully
process the paging message. Since the typical paging mes-
sage is relatively long, and transmitted via a highly encoded
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low to medium rate channel, the associated processing
during each paging slot requires a significant amount of time
and signal processing resources, and therefore requires a
significant amount of power to complete. This reduces the
amount of time an IS-95 cellular telephone can remain in
standby mode using a battery of given capacity, and there-
fore is highly undesirable.

SUMMARY OF THE INVENTION

The present invention is a novel and improved method
and system for paging a cellular telephone or other wireless
terminal using two paging channels that reduces standby
mode power consumption. In accordance with one embodi-
ment of the invention, a minimally encoded quick paging
channel is established over which short, quick page mes-
sages are transmitted during one of a set of quick paging
slots. The quick page message indicates that a request to
communicate has been received and that the receiving
communication terminals should monitor a highly encoded
full paging channel during the next full paging slot for a
more detailed, full page message. A communications termi-
nal monitors the full paging channel after a quick page
message has been received on the quick paging channel.

To page the communications terminal, a base station
controller (BSC) first generates the quick page message
during a quick page slot assigned to a set of communications
terminal that includes the particular communications termi-
nals being paged. This is followed by a full page message
identifying the particular communications terminal. The
communications terminal periodically monitors the quick
paging slot and, upon detecting the quick page, activates
decoding circuitry for processing the full paging channel.
Upon processing the full paging channel, the communica-
tions terminal determines if the full page message is directed
to it, and if not, deactivates the decoding circuitry and
returns to processing the quick paging channel.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present
invention will become more apparent from the detailed
description set forth below when taken in conjunction with
the drawings in which like reference characters identify
corresponding elements throughout and wherein:

FIG. 1 is a block diagram of a cellular telephone system;

FIG. 2 is a timing diagram illustrating the timing slots in
the quick paging channel and the full paging channel;

FIG. 3 is a flow diagram illustrating the steps performed
during the paging of a wireless terminal;

FIG. 4 is a block diagram illustrating the coding per-
formed on the full paging channel and the quick paging
channel;

FIG. 5 is a flow diagram illustrating the steps performed
by a wireless terminal during standby mode; and

FIG. 6 is a block diagram of a receiver configured in
accordance with one embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A method and system for paging a cellular telephone or
other wireless terminal that uses two paging channels to
reduce standby mode power consumption is described. In
the following description the invention is set forth in the
context of a cellular telephone system operating substan-
tially in accordance with the IS-95 standard. While the
invention is particularly suited for operation in such an
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environment, many other digital communication systems
can benefit from the use of the present invention, including
TDMA based wircless communication systems, satellite
based communication system, and wireline systems over
which encoded signaling is transmitted.

FIG. 1 is a block diagram of a highly simplified cellular
telephone system configured in accordance with the use of
the present invention. Wireless terminals 10 (typically cel-
lular telephones) are located among base stations 12. Wire-
less terminals 10g and 10b are in active mode and therefore
are interfacing with one or more base stations 12 using radio
frequency (RF) signals modulated in accordance with the
CDMA signal processing techniques of the IS-95 standard.
Asystem and method for processing RF signals substantially
in accordance with the use of the IS-95 standard is described
in U.S. Pat. No. 5,103,459 entitled “System and Method for
Generating Signal Waveforms in a CDMA Cellular Tele-
phone System” assigned to the assignee of the present
invention and incorporated herein by reference (7459
patent). The other wireless terminals 10 are in standby mode
and therefore monitoring for page messages indicating a
request to communicate.

In the preferred embodiment of the invention, each base
station generates a forward link signals comprised of a set of
forward link channels. The channels are established by a set
of orthogonal 64 chip Walsh codes, each of which is used to
modulate the data associated with a particular channel. The
channels are categorized by function and include a pilot
channel over which a phase offset pattern is repeatedly
transmitted, a synch channel over which synchronization
data is transmitted including the absolute system time and
the phase offset of the associated pilot channel, and traffic
channels over which the data directed to the terminals are
transmitted. The traffic channels are normally assigned to
transmit data to a particular wireless terminal 10 for the
duration of the interface with that particular base station.

Additionally, in accordance with one embodiment of the
invention, one or more of the Walsh channels are designated
as quick paging channels, and one or more of the Walsh
channels are designated as full paging channels. The desig-
nation and operation of the full paging channels is preferably
performed in accordance with the paging channel specified
by the IS-95 standard. Some methods and apparatus for
performing paging substantially in accordance with the
1S-95 standard are described in U.S. Pat. Nos. 5,392,287
(’287 patent) entitled “APPARATUS AND METHOD FOR
REDUCING POWER CONSUMPTION IN A MOBILE
COMMUNICATIONS RECEIVER” and 5,509,015 ("015
patent) entitled “METHOD AND APPARATUS FOR
SCHEDULING COMMUNICATIONS BETWEEN
TRANSCEIVERS” both assigned to the assignee of the
present invention and incorporated herein by reference.

As described in the '287 and 015 patents, and as specified
by the 1S-95 standard, the full paging channel is time divided
into time “slots”. The slots are, in turn, assigned to groups
of wireless terminals, where the assignment is performed
based on the International Mobile Subscriber 1D (IMSI)
which is unique for each wireless terminal 10, or other
terminal identification information such as one or more
Mobile Identification Numbers (MIN). In alternative
embodiments of the invention other identification informa-
tion may also be used including the electronic serial number
(ESN) of the wireless terminal or the temporary mobile
subscriber ID (TMSI). The various possible types of iden-
tification information that may be used will be referred to
hereinafter collectively as the MOBILE ID. The quick
paging channels are also divided into time slots.
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FIG. 2 is a timing diagram illustrating the time slots of a
full paging channel and a quick paging channel when
configured in accordance with one embodiment of the
invention. The quick paging channel is divided into quick
paging slots 30 and the full paging channel is divided into
full paging slots 32 which are preferably longer in duration
than the quick paging slots. Sets, or groups, of quick paging
slots 30 are assigned to single full paging slots 32 as
illustrated by the diagonal arrows, although the use of a
one-to-one correspondence between quick paging slots and
full paging slots, or other ratios, is consistent with the use of
the invention. The assignment of the quick paging slots 30
to a particular set of wireless terminals is preferably per-
formed via application of a hashing function to the MOBILE
ID of the wireless terminal 10.

To page a particular wireless terminal 10, a quick page
message is transmitted during the quick paging slot and a
full page message is transmitted during the full page slot
assigned to that wireless terminal. The quick paging slot and
full paging slots occur in a periodically repeating fashion,
which ensures that a slot associated with a particular termi-
nal occurs after a sufficient period of time. As illustrated in
FIG. 2, the full page slot 32 occurs a delay 34 after the
associated quick paging slots 30 to allow the wireless

25 terminal to process the quick page message and activate

additional decoding circuitry before the next full page slot.

FIG. 3 is a block diagram of the steps performed by BSC
14 during the paging process. The paging process begins at
step 36 and at step 38 it is determined whether a request to
communicate has been received. If not step 38 is performed
again.

If a request to communicate has been received, the full
paging slot and quick paging slot associated with the wire-
less terminal to which the communication request is directed
are calculated at step 40 based on the MOBILE ID or other
identification information of that wireless terminal 10. BSC
14 preferably performs the necessary processing using one
or more microprocessors running software stored in memory
(not shown).

The full paging slot is preferably determined in accor-
dance with the above referenced "287 and 015 patents, and
the quick paging slot is determined by application of a
hashing function to the MOBILE ID, although other meth-
ods for assigning paging slots to wircless terminals are
consistent with the use of the present invention. If the
MOBILE ID is not contained directly within the request to
communicate, it can be obtained via look-up in a database
using any other identification information contained in the
request such as the telephone number or mobile identifica-
tion number (MIN) of the wircless terminal 10.

Once the quick paging slot and the full paging slot are
determined, BSC 14 transmits a quick page message at step
42 on a quick paging channel, and fransmits a full page
message at step 44 on a full paging channel, via one or more
base stations 12. The base stations 12 encode and modulate
the paging channels as described in greater detail below, and
transmission of the two page messages occurs during the
corresponding quick paging slot and full paging slot.

After transmission of the quick page message and the full
page message, the BSC 14 polls for a response at step 46
indicating that the page was received. If a response was
received the communication begins at step 50.

If no response was received after a timeout period, a
second quick page message is transmitted at step 52, and a
second full page message is transmitted at step 54. At step
56 the BSC 14 polls for a response from the wircless
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terminal 10 and determines at step 58 if a response was
received. If a response was received, the communication
begins at step 50. If it is determined at step 58 that no
response was received, the page fails at step 60. In an
alternative embodiment of the invention, two quick paging
messages and two corresponding full page messages are
generated for each page. The second quick page message
and full page message increase the likelihood of the page
being received, without introducing the delay necessary to
determine whether an acknowledgment message has been
received from the wireless terminal 10.

In the preferred embodiment of the invention, the quick
page message is comprised of an INCOMMING__ PAGE bit.
An INCOMMING _PAGE bit in a first state (such as logic
high) indicates that a communication request has been
received for one of the wireless terminals 10 associated with
that quick paging slot, and therefore that those wireless
terminals should process the full paging channel during the
next designated full paging slot. An INCOMMING _PAGE
bit in a second state (such as logic low) indicates that no
communication request has been received for those wireless
terminals 10, and therefore the full paging channel should
not be processed during next full paging slot. Hence, the
quick page message is more highly encoded than the full
page message, since the page is represented by a single bit,
rather than a substantially higher number of bits, and there-
fore can be processed with fewer resources. Such “message”
encoding should not be confused with the “channel” coding
described below, where a greater amount of encoding
requires more data processing resources.

In the preferred embodiment of the invention, the full
page message contains the information specified in the 1S-95
standard for a normal page message that allows each wire-
less terminal 10 to determine whether the page is directed to
it. An example of a page generated in accordance with the
IS-95A standard is provided in Table I listed above. As
illustrated by Table I, the full page message contains sig-
nificantly more information than the quick page message,
which is preferably comprised of a single bit. Therefore, the
quick page message can be processed more easily by each
wireless terminal 10, and with less power, than a full page
message.

In alternative embodiments of the invention, multi-bit
quick page messages are used. These multi-bit quick paging
messages are used to encode and convey additional infor-
mation beyond simply indicating that the wireless terminal
10 should monitor the full paging channel during the next
assigned full paging slot 32. For example, the multi-bit
quick page message could be used to indicate more particu-
larly which wireless terminal 10 is being paged from the
subset of wireless terminal assigned to the corresponding
quick page slot 30. The multi-bit quick page message could
also be used to indicate that the full paging channel should
be performed for a longer duration so that system parameter
changes can be broadcast to all the wireless terminals 10.
Those skilled in the art will recognize various useful types
of information that can be transmitted using a multi-bit
quick page message. Also, in another alternative embodi-
ment of the invention, reduced forward error correction
encoding is performed on the quick page message.

In addition to transmitting less information in a quick
page message than in a full page message, the preferred
embodiment of the invention incorporates a minimal coding
scheme for the quick paging channel when compared to the
full paging channel. FIG. 4 provides an illustration of the
coding schemes emploved for the full paging channel and
the quick paging channel in accordance with one embodi-
ment of the invention.
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As shown in FIG. 4, data transmitted via the full paging
channel is convolutionally encoded by convolutional
encoder 60 and the resulting code symbols repeated by
symbol repeater 61 in order to generate symbols at a
predetermined rate. The repeated code symbols are then
block interleaved by block interleaver 62. The data from the
block interleaver is scrambled via EXCLUSIVE-OR (EX-
OR) with a decimated long code generated by long code
generator 64 and decimator 66. The long code is binary code
generated in a predetermined manner as a function of a seed
number, and is known to all wireless terminals 10. The
scrambled data is then modulated with a Walsh channel code
designated for a full paging channel, and the Walsh channel
code modulated data is QPSK spread using a pscudorandom
noise code (PN code), summed with the data from the other
channels, and upconverted for transmission, preferably in
accordance with the IS-95 standard (spreading, summing
and upconversion not shown).

Still referring to FIG. 4, data transmitted via the quick
paging channel is applied directly to a Walsh channel code
designated for a quick paging channel, and then spread,
summed and upconverted as described above. Preferably, a
single bit of data transmitted via the quick channel is
modulated multiple times by the same Walsh code, effec-

25 tively transmitting the bit multiple times. One could also

transmit the data bit repeatedly using a symbol repeater like
symbol repeater 61 used for the full paging channel. In still
another embodiment of the invention, the quick paging
channel could be scrambled using the long code as per-
formed for the full paging channel.

As should be apparent from FIG. 4, the processing
associated with transmitting information over the quick
paging channel is substantially less than that associated with
the full paging channel. Therefore, the amount of processing
necessary to perform receive processing of the quick paging
channel is also substantially less, and therefore requires less
energy than that necessary for the full paging channel. While
the reduced amount of processing performed for the quick
paging channel does increase the likelihood of error during
the processing of any particular bit, transmitting the same bit
multiple times reduces the total overall likelihood of error,
while preserving low processing complexity.

FIG. 5 is a flow diagram of the processing performed by
a wircless terminal 10 in standby mode when performed in
accordance with one embodiment of the invention. The
processing is preferably performed using a microprocessor
controlled by software insiructions stored in memory
coupled to other integrated circuits and systems (not shown)
that are well known in the art. The processing begins at step
80 and at step 84 it is determined whether the assigned quick
paging slot has arrived, and if not step 84 is performed again.

If the assigned quick paging slot has arrived, the wireless
terminal 10 processes the quick paging channel at step 86.
Preferably, the processing is performed using a significantly
smaller subset of the signal processing circuitry contained in
the wireless terminal than used to process full page mes-
sages. In accordance with the transmit processing performed
for the quick paging channel shown in FIG. 4, the receive
processing is preferably comprised of downconversion of
the RF energy received, despreading with the PN spreading
code, and demodulation with the designated Walsh code.
The resulting soft decision data is processed directly to
determine the logic level transmitted.

Referring again to FIG. §, at step 88 it is determined
whether a quick page message was received at step 86 based
on the logic level of the data detected. If a quick page
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message was detected processing continues at step 90 as
described below. If a quick page message was not detected,
it is further determined at step 89 whether the signal quality
during the processing of the quick paging channel was
acceptable. If so, the wireless terminal 10 returns to step 82,
If the signal quality was not acceptable, processing contin-
ues al step 90 as described below.

The received signal quality can be determined by various
well known methods including determining when the
receive power of the signal transmitted from transmitter 50
falls below a threshold, or by determining when the signal-
to-noise ratio of the pilot channel falls below a predeter-
mined threshold. By monitoring for a full page message
when the received signal quality is unacceptable, the number
of missed full page messages due to undetected quick page
messages resulting from unacceptable signal quality is mini-
mized.

If a quick page message was detected, or the received
signal quality was nol acceplable, the wireless terminal 10
activates additional decoding circuitry at step 90 and, at step
92 processes the full paging channel during the assigned full
paging slot using the activated circuitry. The time between
the quick paging slot and the full paging slot assigned to a
particular terminal must be sufficient to allow activation of
the additional decoding circuitry within the wireless termi-
nal 10 after detection of the quick page message before the
full page slot occurs.

At step 94, the wireless terminal 10 determines whether
the full page message processed at step 92 was directed to
it based on the address contained in that message, and if not
decoding circuitry within wireless terminal 10 is deactivated
at step 82 and step 84 is performed again. If the full page
message was directed to the wireless terminal 10, processing
for the corresponding communication begins within the
wireless terminal at step 96, and the wireless terminal enters
active mode at step 98.

FIG. 6 is a block diagram providing a highly simplified
illustration of wireless terminal 10 when configured in
accordance with one embodiment of the invention. Digital
demodulator 302, block interleaver 304, trellis decoder 306
and control system 308 are coupled via a digital bus, and RF
receiver 300 is coupled to digital demodulator 302.

During standby mode, the control system periodically
activates RF receiver 300 and digital demodulator 302 to
process the pilot and quick paging channels. RF receiver 300
downconverts and digitizes RF signals and digital demodu-
lator 302 performs digital demodulation for a first duration
gencrating soft decision data for the channels being pro-
cessed. Control system 308 examines the pilot channel soft
decision data to determine the quality of the signal and
examines the quick paging channel to determine if a quick
page message has been received.

If a quick page message has been received, or the signal
has been received with poor quality, control system 308
activates block deinterleaver 304 and trellis decoder 306 and
configures digital demodulator to begin processing the full
paging channel for a second duration that is longer than the
first duration. Control system 308 then monitors the data
received over the full paging channel for a full paging
message directed to it, and if none is detected, deactivates
block deinterleaver 304 and trellis decoder 306 and contin-
ues in standby mode. If a full page message is detected,
control system 308 places the wireless terminal in active
mode during which the associated communication is con-
ducted.

As should be apparent from the description provided
above, by paging using a quick page message with a
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minimal number of bits, and which is transmitted over a
minimally encoded channel, the present invention allows a
wireless terminal to consume less power when monitoring
for page messages during standby mode. Consuming less
power in standby mode allows a wireless terminal to operate
longer on a given battery, and therefore extends the standby
time of that wireless terminal. Since wireless terminals are
typically used in mobile telecommunications, it is often
necessary (o go extended periods of time without recharging
or replacing the battery of the wireless terminal. Thus, in
order to provide increased convenience, and to reduce the
likelihood of missing page messages due to battery
depletion, extending the standby time for a given battery size
is highly desirable.

Thus, a dual channel method and system for paging
cellular telephones and other wireless terminals that reduces
standby power consumption has been described. The previ-
ous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the
present invention. The wvarious 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
novel features disclosed herein.

I claim:

1. A method for paging a wireless terminal in a wircless
telecommunications system comprising:

transmitting a quick page message via a less encoded
channel, said quick page message notifying the wire-
less terminal to begin monitoring a highly encoded
channel for a full page message; and

transmitting a full page message via said highly encoded
channel;

said highly encoded channel comprising a series con-
nected convolutional encoder, an interleaver, and a
modulator for performing modulation with a Walsh
code; and

said less encoded channel comprising a modulator for
modulating data with a Walsh code.

2. The method as set forth in claim 1 wherein said quick
page message contains less information than said full page
message.

3. The method as set forth in claim 1 wherein said quick
page message is comprised of a single bit of data.

4. A method for paging a particular wireless terminal
included within a set of wireless terminals comprising:

a) transmitting a quick page message directed to a subset
of said set of wireless terminals said subset including
the particular wireless terminal, said quick page mes-
sage for directing said subset to monitor a highly
encoded channel for a full page message; and

b) transmitting a full page message identifying said par-
ticular wireless terminal;

said highly encoded channel comprising a series con-
nected convolutional encoder, an interleaver, and a
modulator for performing modulation with a Walsh
code.

5. The method as set forth in claim 4 wherein step a) is
comprised of the step of transmitting said quick page
message via a less encoded channel during a first time slot
assigned to the subset of wireless terminals, and said less
encoded channel comprises a modulator for modulating data
with a Walsh code.
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6. The method as set forth in claim 5 wherein step b) is
comprised of the step of transmitting said full page message
during a second time slot assigned to the subset of wircless
terminals that occurs after said first time slot.

7. The method as set forth in claim 4 wherein said quick
page message is transmitted over a less encoded channel and
said full page message is transmitted over said highly
encoded channel.

8. The method as set forth in claim 7 wherein said less
encoded channel is established via direct sequence modu-
lation with a first channel code, and said highly encoded
channel is established via direct sequence modulation with
a second channel code.

9. The method as set forth in claim 4 wherein said quick
page message has less information than said full page
message.

10. A method for paging a wireless terminal comprising:

a) generating a quick page message;

b) transmitting said quick page message via a less
encoded channel;

c) said quick page message causing said wireless terminal
to monitor a highly encoded channel for a full page
message;

d) generating a full page message; and

¢) transmitting said full page message via said highly
encoded channel;

said highly encoded channel comprising a series con-
nected convolutional encoder, an interleaver, and a
modulator for performing modulation with a Walsh
code; and

said less encoded channel comprising a modulator for
modulating data with a Walsh code.
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11. The method as set forth in claim 10 further comprising
the steps of:

direct sequence spreading said full page message; and

direct sequence spreading said quick page message.

12. The method as set forth in claim 10 further comprising
the steps of:

adding error detection information to said full page mes-

sage;

direct sequence spreading said full page message; and

direct sequence spreading said quick page message.

13. The method as set forth in claim 10 further comprising
the steps of adding a time delay between when said quick
page message is transmitted and when said full page mes-
sage is transmitted.

14. The method as set forth in claim 10 further comprising
the steps of:

receiving said quick page message;

aclivating signal processing circuitry; and
processing a full page message using said signal processing
circuitry.

15. The method as set forth in claim 14 wherein said
signal processing circuitry is comprised of a trellis decoding
system.

16. The method as set forth in claim 14 wherein said
signal processing circuitry is comprised of a deinterleaver.

17. The method as set forth in claim 14 wherein said
signal processing circuitry is comprised of a cyclical redun-
dancy check circuit.
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METHODS AND APPARATUSES FOR POWER
CONTROL

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/945,325 filed on Jun. 20, 2007
and entitled “METHODS AND APPARATUSES FOR
POWER CONTROL.” the entirety of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Wireless communication systems are widely deployed to
provide various types of communications such as voice, data,
videos etc. These systems may be multiple-access systems
capable of supporting communication with multiple access
terminals by sharing available system resources (e.g., band-

width and transmit power). Examples of such multiple-access 2

systems include code division multiple access (CDMA) sys-
tems, time division multiple access (TDMA) systems, fre-
quency division multiple access (FDMA) systems, 3GPP
Long Term Evolution (LTE) systems, and orthogonal fre-

quency division multiple access (OFDMA) systems. Typi- 25 In accordance with an aspect, a method for controlling
cally, a wireless communication system comprises several power within a wireless communication system is disclosed.
base stations, wherein each base station communicates with a Upon receiving one or more uplink communications it is
mobile station using a forward link and each mobile station determined if any of the received communications have been
(or access terminal) communicates with base station(s) using transmitted at non-optimum power levels. Ifyes, then the UEs
a reverse link. 30 transmitting the communications at non-optimum power lev-
Generally, a wireless multiple-access communication sys- els and the resources employed by the ULs for the non-
tem can simultaneously support communication for multiple optimal uplink communications are identified. Accordingly.
wireless terminals. Each terminal communicates with one or power control messages for such UEs are generated. Ina more
more base stations via transmissions on the forward and  detailed aspect, position of commands for controlling power
reverse links. The forward link (or downlink) refers to the 35 within the messages is mapped to the resources employed by
communication link from the base stations to the terminals, the respective UEs. The power control messages thus gener-
and the reverse link (or uplink) refers to the communication ated are subsequently transmitted to the UEs.
link from the terminals 1o the base stations. This communi- In a further aspect, power control messages can comprise a
cation link may be established via a single-in-single-out bitmap that communicates the power control commands
(SISO). multiple-in-signal-out (MISO) or a multiple-in-mul- 40 wherein the bits within the bitmap represent the power control
tiple-out (MIMO) system. commands and location of the bits within the bitmap is
A MIMO system employs multiple (NT) transmit antennas mapped to the resources employed by the respective UEs. The
and multiple (NR) receive antennas for data transmission. A number of bits for controlling power of an UE is associated
MIMO channel formed by the NT transmit and NR receive with number of resources utilized by the UE for its uplink
antennas may be decomposed into NS independent channels. 45 communications. In accordance with different aspects, a
which are also referred to as spatial channels, where common power control message can be transmitted to a plu-
N =min{N,, N}. Each of the NS independent channels rality of UEs or alternatively individual power control mes-
corresponds to a dimension. The MIMO system can provide sages comprising the power control bits can be sent to each of
improved performance (e.g.., higher throughput and/or the UEs separately. If at least one of the UEs is transmitting a
greater reliability) if the additional dimensionalities created so plurality of data streams at different frequencies then the
by the multiple transmit and receive antennas are utilized. power control messages can individually adjust power of one
A MIMO system supports a time division duplex (TDD) or more resource blocks utilized by the data streams being
and frequency division duplex (FDD) systems. In a TDD transmitted at non-optimum power levels.
system, the forward and reverse link transmissions are on the In another aspect, the resources assigned to the UEs for
same frequency region so that the reciprocity principle allows 55 their uplink communications can be indexed. The power con-
the estimation of the forward link channel from the reverse trol messages transmitted to the UEs can comprise the index-
link channel. This enables the eNode B to extract transmit ing information in addition to the power control commands.
beamforming gain on the forward link when multiple anten- This facilitates grouping UEs based at least on their radio
nas are available at the eNode B. conditions so that a group power control message can be
When a user generates data for transmission, a service 60 transmitted to ULs having similar radio conditions. This
request is conveyed to the base station or an eNode B via facilitates dynamic signaling wherein only those UEs that
established communication channels and in turn the base require power correction receive power control commands
station assigns resources confingent upon time, bandwidth while no resources are wasted in sending redundant commu-
requirements/availability or service options of the user. The nications to UEs already transmitting at optimum power lev-
access terminal of the user or user equipment (UE) accord- 65 els.
ingly utilizes the assigned resources for communicating with Anotheraspect relates to an apparatus for conveying power
the eNode B via the uplink. However, various factors such as control information within a communication system. The
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power constraints, signal attenuation, obstacles, etc. can lead
to fluctuations in transmission from the UE. As a result, the
eNode B transmits power control signals to the UE based on
the transmissions received from the UE thereby facilitating
the UE to transmit with optimal power. However. the
resources assigned for transmitting power control commands
are assigned statically so that even if a UE is not transmitting
or transmitting at optimum power levels, resources for power
control commands, remain assigned thereby leading to a non-
optimal use of resources within the wireless communication
system.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the
claimed subject matter in order to provide a basic understand-
ing of some aspects of the claimed subject matter. This sum-
mary is not an extensive overview of the claimed subject
matter. It is intended to neither identify key or critical ele-
ments of the claimed subject matter nor delineate, the scope
of the claimed subject matter. Its sole purpose is to present
some concepts of the claimed subject matter in a simplified
form as a prelude to the more detailed description that is
presented later.
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apparatus comprises a receiver that receives one or more
communications {rom one or more UEs. A processor within
the apparatus generates power control messages for those
communications transmitted at non-optimum power levels.
The messages are created such that the location power control
commands within them are mapped to the resources utilized
by the uplink communications. A transmitter subsequently
transmits the power control messages to the UEs. The appa-
ratus also comprises a memory that stores information asso-
ciated with the power control commands or the resources.
In different aspects, a power control message can comprise
a plurality of power control commands associated with a
plurality of UEs or a plurality of power control messages can
be transmitted separately to each of the plurality of UEs.
Location of the power control commands within the power
control message is mapped to resources utilized by the UEs
for their uplink communications. Another aspect relates to
UEs utilizing a plurality of resources for transmitting on the
uplink. In this aspect. the power control message can com-

prise a plurality of power control commands whose position 2

within the power control message is mapped to the plurality
of resources utilized by a UE. Yet another aspect is associated
with UEs transmitting a plurality of the communications at a
plurality of frequencies. In accordance with this aspect, the
processor generates a power control message for the plurality
of communications received from a UE wherein the power
control message comprises power control commands for one
or more of the communications being transmitted at different
frequencies.

l'he_ apparatus also ﬁ‘lc.llliall:s 2 e dyn_amw signaling 30 adjust power levels of the one or more uplink communica-
wherein the resources utilized by the UEs are indexed and the g ; i
: S D : tions in accordance with the at least one power control com-
power control messages can comprise indexing information mand
associated with the resources along with the power control : T o . ;
commands. This facilitates grouping UEs based at least on Al"l ap.paramb for qd_]us}mg power within a w1rele§s com-
their respective radio conditions and transmitting a common 35 mumcal}on Sysiem. i3 dlsclos_ed in accordance w1t1_1 _th]s
group power control messages to only those UEs requiring aspect. ‘l'hc app:?ralus comprises mc*c}ns .for transmitting,
power corrections. means for receiving zm.d means for .ad_|uslmg power ]cva.:ls.
In another aspect, the subject innovation discloses a com- I'he means for transmitting transmits one or more uplink
puter program product comprising a computer-readable communications. Means for receiving facilitates receiving at
medium comprising: code for causing at least a computer to 40 least one power control message on downlink wherein loca-
receive one or more uplink communications: code for causing tion of at least one power control command is mapped to at
at least a computer to determine if the communications have least one resource utilized in the uplink communications.
been transmitted at optimum power levels; code for causing at Accordingly, means for adjusting corrects power levels of the
least a computer to determine one or more resources one or more uplink communications in accordance with the at
employed by one or more UEs for the non-optimal uplink 45 least one power control command.
communications for uplink communications transmitted at The following description and the annexed drawings set
non-optimal power levels: code for causing at least a com-  forth in detail certain illustrative aspects of the claimed sub-
puter to generate one or more power control messages forthe  ject matter. These aspects are indicative, however, of but a few
UEs wherein position of control commands for controlling  of the various ways in which the principles of the claimed
power is mapped to the one or more resources employed by 50 subject matter may be employed and the claimed subject
the respective UEs; and code for causing at least a computer matter is intended to include all such aspects and their equiva-
to transmit the power. control messages to the one or more lents. Other advantages and distinguishing features of the
UEs. claimed subject matter will become apparent from the fol-
A apparatus for communicating power control information lowing detailed description of the claimed subject matter
is disclosed in accordance with yet another aspect. The appa- 55 when considered in conjunction with the drawings.
ratus comprises a means for receiving uplink communica-
tions from UEs. Means for analyzing the received communi- BRIEF DESCRIPTION OF THE DRAWINGS
cations, also comprised within the system, identify
communications received at non-optimal power levels. FIG. 1 illustrates a multiple access wireless communica-
Accordingly, means for transmitting transmit power control 60 tion system according to one embodiment.
messages to the UEs wherein location of at least one power FIG. 2 is a block diagram of an embodiment of an eNode B
control command within the messages is mapped to at least and an access terminal (or a UE) in a MIMO system.
one resource utilized by the at least one UE for the non- FIG. 3 is an illustration of a wireless multiple-access com-
optimal uplink communications. munication system in accordance with various aspects
In yet another aspect, a method of receiving power control 65 described herein.
commands is disclosed. The method comprises transmitting FIG. 4 is a flow chart detailing a closed loop power control
uplink communications, and receiving at least one power of UE uplink transmissions.
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control message on the downlink. The power control message
comprises at least one power control command wherein loca-
tion of the power control command is mapped to the resources
utilized in the uplink communications. Based on its location
within the message, the power control command is identified
and power levels of the one or more uplink communications
are corrected in accordance with the received power control
command.

An apparatus for adjusting transmission power levels
within a communication system is disclosed in accordance
with this aspect. The apparatus comprises a transmitter that
transmits one or more uplink communications. Some of the
uplink communication may be transmitted at non-optimal
power levels. Accordingly, a receiver receives at least one
power control message wherein location of at least one power
control command within the at least one power control mes-
sage is mapped to one or more resources utilized by the
non-optimal uplink communications. A processor also com-
prised within the apparatus controls power levels of the trans-
mitter based on the received power control command.

Another aspect is associated with a computer program
product comprising a computer-readable medium compris-
ing: code for causing at least a computer to transmit one or
more uplink communications: code for causing at least a
computer to receive at least one power control message on
downlink wherein location of at least one power control com-
mand is mapped to at least one resource utilized in the uplink
communications; and code for causing at least a computer to
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FIG. 5A illustrates a schematic diagram of a power control
message transmitted to a plurality of access terminals that
receive power control commands in accordance with an
aspect.

FIG. 5B relates to another aspect wherein more than one
resource block is employed by the access terminal for trans-
mission of its uplink communications.

FIG. 5C relates to yet another aspect wherein different
access terminals employ varying number of resource blocks
for their uplink communications.

FIG. 5D illustrates another aspect related to transmitting
power control message when an UE is transmitting a plurality
of data streams in accordance with a MC-FDMA scheme.

FIG. 6 relates to a methodology of transmitting power
control message to one or more access terminals in accor-
dance with an aspect.

FIG. 7 relates to a methodology of transmitting power
control message to one or more UEs in accordance with an
aspect.

FIG. 8 relates to a more detailed aspect of generating power 2

control messages for various UEs.

FIG. 9 is associated with a methodology of transmitting
power control commands using indexing as described herein.

FIG. 10 is a flow chart detailing a method of adjusting
power at the UEs based on the received commands.

FIG. 11 illustrates a high-level system diagram of various
components of a device in accordance with various aspects.

FIG. 12 is another high level diagram illustrating various
components of a device in accordance with different aspects
described herein.

FIG. 13 illustrates a block diagram of an example system
that enables communication of power control information in
accordance with aspects disclosed in the subject specifica-
tion.

FIG. 14 illustrates a block diagram of an example system
that enables adjustment of power within a wireless commu-
nication system in accordance with aspect described in the
subject specification.

DESCRIPTION OF THE INVENTION

The claimed subject matter is now described with reference
to the drawings, wherein like reference numerals are used to
refer to like elements throughout. In the following descrip-
tion, for purposes of explanation, numerous specific details
are set forth in order to provide a thorough understanding of
the claimed subject matter. It may be evident, however, that
the claimed subject matter may be practiced without these
specific details. In other instances, well-known structures and
devices are shown in block diagram form in order to facilitate
describing the claimed subject matter.

Various embodiments are now described with reference to
the drawings, wherein like reference numerals are used to
refer to like elements throughout. In the following descrip-
tion, for purposes of explanation, numerous specific details
are set forth in order to provide a thorough understanding of
one or more aspects. It may be evident however, that such
embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices
are shown in block diagram form in order to facilitate describ-
ing one or more embodiments. As used in this application, the
terms “component,” “module,” “system.” and the like are
intended to refer to a computer-related entity, either hard-
ware, firmware, a combination of hardware and software,
software, or software in execution. For example, a component
may be. but is not limited to being. a process running on a
processor, a processor, an integrated circuit, an object, an
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executable, a thread of execution, a program, and/or a com-
puter. By way of illustration, both an application running on
a computing device and the computing device can be a com-
ponent. One or more components can reside within a process
and/or thread of execution and a component may be localized
on one computer and/or distributed between two or more
computers. In addition, these components can execute from
various computer readable media having various data struc-
tures stored thereon. The components may communicate by
way of local and/or remote processes such as in accordance
with a signal having one or more data packets (e.g., data from
one component interacting with another component in a local
system, distributed system, and/or across a network such as
the Internet with other systems by way of the signal).

Various embodiments will be presented in terms of systems
that may include a number of devices. components, modules,
and the like. It is to be understood and appreciated that the
various systems may include additional devices, components,
modules, etc. and/or may not include all of the devices, com-
ponents, modules ete. discussed in connection with the fig-
ures. A combination of these approaches may also be used.

The word “exemplary” is used herein to mean “serving as
an example. instance, or illustration.” Any embodiment or
design described herein as “exemplary™ is not necessarily to
be construed as preferred or advantageous over other embodi-
ments or designs. The word “listening™ is used herein to mean
that a recipient device (eNode B or UE) is receiving and
processing data received on a given channel.

Various aspects can incorporate inference schemes and/or
techniques in connection with transitioning communication
resources. As used herein, the term “inference” refers gener-
ally to the process of reasoning about or inferring states of the
system, environment, and/or user from a set of observations
as captured via events and/or data. Inference can be employed
to identify a specific context or action, or can generate a
probability distribution over states, for example. The infer-
ence can be probabilistic—that is, the computation of a prob-
ability distribution over states of interest based on a consid-
eration of data and events. or decision theoretic. building
upon probabilistic inference, and considering display actions
of highest expected utility, in the context of uncertainty in
user goals and intentions. Inference can also refer to tech-
niques employved for composing higher-level events from a
set of events and/or data. Such inference results in the con-
struction of new events or actions from a set of observed
events and/or stored event data, whether or not the events are
correlated in close temporal proximity, and whether the
events and data come from one or several event and data
sources.

Furthermore, various aspects are described herein in con-
nection witha subscriber station. A subscriber station can also
be called a system, a subscriber unit, mobile station, mobile,
remote station. access point, eNode B, remote terminal,
access terminal, user terminal, user agent, a user device,
mobile device, portable communications device, or user
equipment. A subscriber station may be a cellular telephone.
a cordless telephone, a Session Initiation Protocol (SIP)
phone, a wireless local loop (WLL) station, a personal digital
assistant (PDA), a handheld device having wireless connec-
tion capability. or other processing device connected to a
wireless modem.

Moreover, various aspects or features described herein
may be implemented as a method, apparatus, or article of
manufacture using standard programming and/or engineer-
ing techniques. The term “article of manufacture™ as used
herein is intended to encompass a computer program acces-
sible from any computer-readable device, carrier, or media.
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For example, computer-readable media can include but are
not limited to magnetic storage devices (e.g., hard disk.
floppy disk, magnetic strips . . . ). optical disks (e.g.. compact
disk (CD), digital versatile disk (DVD). . . ), smart cards, and
flash memory devices (e.g.. card. stick. key drive . . . ).
Additionally, various storage media described herein can rep-
resent one or more devices and/or other machine-readable
media for storing information. The term “machine-readable
medium” can include, without being limited to, wireless
channels and various other media capable of storing, contain-
ing, and/or carrying instruction(s) and/or data.

The techniques described herein may be used for various
wireless communication networks such as Code Division
Multiple Access (CDMA) networks, Time Division Multiple
Access (TDMA) networks. Frequency Division Multiple
Access (FDMA) networks, Orthogonal FDMA (OFDMA)
networks, Single-Carrier FDMA (SC-FDMA) networks, etc.
The terms “networks™ and “systems” are ofien used inter-
changeably. A CDMA network may implement a radio tech-

nology such as Universal Terrestrial Radio Access (UTRA), 2

cdma2000. etc. UTRA includes Wideband-CDMA
(W-CDMA) and Low Chip Rate (LCR). edma2000 covers
[8-2000, 18-95 and 1S-856 standards. A TDMA network may
implement a radio technology such as Global System for

Mobile Communications (GSM). An OFDMA network may 25 number of data streams is provided from a data source 212 to
implement a radio technology such as Evolved UTRA a transmit (TX) data processor 214.
(E-UTRA), IEEE 802.11. IEEE 802.16, IEEE 802.20. Flash- In an embodiment, each data stream is transmitted over a
OFDM®, etc. UTRA, E-UTRA, and GSM are part of Uni- respective transmit antenna. TX data processor 214 formats,
versal Mobile Telecommunication System (UMTS). Long codes, and interleaves the traffic data for each data stream
Term Evolution (L'TE) is an upcoming release of UMTS, that 30 based on a particular coding scheme selected for that data
uses E-UTRA. UTRA, E-UTRA, GSM, UMTS and LTE are stream 1o provide coded data.
described in documents from an organization named “3rd The coded data for each data stream may be multiplexed
Generation Partnership Project” (3GPP). ¢dma2000 is with pilot data using OFDM techniques. The pilot data is
described in documents from an organization named “3rd typically a known data pattern that is processed in a known
Generation Partnership Project 27 (3GPP2). These various 35 mannerand may be used at the receiver system to estimate the
radio technologies and standards are known in the art. For channel response. The multiplexed pilot and coded data for
clarity, certain aspects of the techniques are described below each data stream is then modulated (i.e., symbol mapped)
for LTE. and LTE terminology is used in much of the descrip- based on a particular modulation scheme (e.g., BPSK., QSPK,
tion below. M-PSK. or M-QAM) selected for that data stream to provide
Single carrier frequency division multiple access (SC- 40 modulation symbols. The data rate, coding, and modulation
FDMA), which utilizes single carrier modulation and fre- for each data stream may be determined by instructions per-
quency domain equalization is a technique. SC-FDMA has formed by processor 230.
similar performance and essentially the same overall com- The modulation symbols for all data streams are then pro-
plexity as those of OFDMA system. SC-FDMA signal has vided to a TX MIMO processor 220, which may further
lower peak-to-average power ratio (PAPR) because of its 45 process the modulation symbols (e.g., for OFDM). TX
inherent single carrier structure. SC-FDMA has drawn great MIMO processor 220 then provides N'T modulation symbol
attention, especially in the uplink communications where streams to NT transmitters (TMTR) 2224 through 222z In
lower PAPR greatly benefits the mobile terminal in terms of  certain embodiments, TX MIMO processor 220 applies
transmit power efficiency. It is currently a working assump- beamforming weights to the symbols of the data streams and
tion for uplink multiple access scheme in 3GPP Long Term 50 to the antenna from which the symbol is being transmitted.
Evolution (LTE), or Evolved UTRA. Each transmitter 222 receives and processes a respective
Referring to FIG. 1, a multiple access wireless communi- symbol stream to provide one or more analog signals, and
cation system according to one embodiment is illustrated. An further conditions (e.g., amplifies, filters, and upconverts) the
eNode B 100 includes multiple antenna groups, wherein a analog signals to provide a modulated signal suitable for
first group includes antennas 104 and 106, another includes 55 transmission over the MIMO channel. NT modulated signals
108 and 110, and an additional group includes 112 and 114. In from transmitters 222a through 222t are then transmitted
FIG. 1. only two antennas are shown for each antenna group, from NT antennas 224a through 224¢, respectively.
however, more or fewer antennas may be utilized for each At the UE 250, the transmitted modulated signals are
antenna group. UE (user equipment) or AT (access terminal) received by NR antennas 2524 through 252y and the received
116 is in communication with antennas 112 and 114, where 60 signal from each antenna 252 is provided to a respective
antennas 112 and 114 transmit information to UE 116 over receiver (RCVR) 2544 through 254r. Each receiver 254 con-
forward link 120 and receive information from UE 116 over ditions (e.g., filters, amplifies, and downconverts) a respec-
reverse link 118. UE 122 is in communication with antennas tive received signal, digitizes the conditioned signal to pro-
106 and 108, where antennas 106 and 108 transmit informa- vide samples, and further processes the samples to provide a
tion to UE 122 over forward link 126 and receive information 65 corresponding “received” symbol stream.
from UE 122 over reverse link 124. In a FDD system, com- An RX data processor 260 then receives and processes the
munication links 118, 120, 124 and 126 may use different NR received symbol streams from NR receivers 254 based on
IPR2025-00218 Exhibit 2003 Page 238 of 257
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frequencies for communication. For example, forward link
120 may use a different frequency than that used by reverse
link 118. Each group of antennas and/or the area in which they
are designed to communicate is often referred to as a sector of
the access point or eNode B. In the embodiment, antenna
groups are each designed to communicate to ULs in a sector
within the areas covered by eNode B 100.

In communication over forward links 120 and 126. the
transmitting antennas of eNode B 100 utilize beamforming in
order to improve the signal-to-noise ratio of forward links for
the different UEs 116 and 124. Also, an eNode B using
beamforming to transmit to UEs scattered randomly through
its coverage area causes less interference to UEs in neighbor-
ing cells than an eNode B transmitting through a single
antenna to all its UEs.

AneNode B may be a fixed station used for communicating
with the terminals and may also be referred to as an access
point, a Node B, an enhanced Node B (eNode B) or some
other terminology. An access terminal (AT) may also be
called a user equipment (UE), a wireless communication
device, terminal, or some other terminology.

FIG. 2 is a block diagram of an embodiment of an eNode B
210 and a access terminal (A1) or user equipment (UE) 250 in
a MIMO system 200. At the eNode B 210, traffic data for a
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a particular receiver processing technique to provide NT
“detected” symbol streams. The received symbols or other
information can be stored in an associated memory 272. The
RX data processor 260 then demodulates, deinterleaves, and
decodes each detected symbol stream to recover the traffic
data for the data stream. The processing by RX data processor
260 1s complementary to that performed by TX MIMO pro-
cessor 220 and TX data processor 214 at the eNode B 210.

A processor 270 periodically determines which pre-coding
matrix to use (discussed below). Processor 270 formulates a
reverse link message comprising a matrix index portion and a
rank value portion.

The reverse link message may comprise various types of
information regarding the communication link and/or the
received data stream. Information received on the reverse link
can be stored in an associated memory 232. The reverse link
message is then processed by a TX data processor 238, which
also receives traffic data for a number of data streams from a
data source 236, modulated by a modulator 280, conditioned

L

10

The UL PHY Channels comprises:
Physical Random Access Channel (PRACH)
Physical Uplink Control Channel (PUCCH)
Channel Quality Indicator (CQI)

Precoding Matrix Indicator (PMI)

Rank Indicator (RI)

Scheduling request (SR)

Uplink ACK/NAK

Physical Uplink Shared Channel (PUSCH)
Sounding Reference Signal (SRS)

In an aspect, a channel structure is provided that preserves
low PAR (at any given time, the channel is contiguous or
uniformly spaced in frequency) properties of a single carrier
waveform.

For the purposes of the present document. the following
abbreviations apply:

s ; 30 AM Acknowledged Mode
by transmitters 254a through 254, and transmitted back to ~ AMD Acknowledged Mode Data
transmitter system 210. QRQ ‘:}mto';““ic {“Pe“; I::&l“&?tl
At the eNode B 210, the modulated signals from receiver BE;IH 13;2::1:::1‘ ;“‘Ijlii:;el R
system 250 are received by antennas 224, conditioned by c- Control-
receivers 222, demodulated by a demodulator 240, and pro- | CCCH Common Control CHannel
cessed by a RX data, processor 242 to extract the reserve link > EE;IICH gﬂ”:'f‘;’glm“?l . -
message transmitted by the receiver system 250. Processor o (;:;L e
230 then determines which pre-coding matrix to use for deter- CRC Cyelic Redundancy Check
mining the beamforming weights then processes the CTCH Common Traffic CHannel
extracted message. " BE;IH ::))ﬁg?c:ilcg g;};llm! i(fi—{a.mld:,l
In an aspect, logical channels are classified into Control " fir S T
Channels and Traffic Channels. Logical Control Channels DSCH Downlink Shared CHannel
comprises Broadcast Control Channel (BCCH) which is DL DTCH Dedicated Traffic CHannel
channel for broadcasting system control information. Paging FACH Forward link Access CHannel
Control Channel (PCCH) which is DL channel that transfers DD Frequenzy Division Duplex
5 : : e G S = 35 L1 Layer 1 (physical layer)
paging ml"n?'matmn. Mllh‘.l(.dbl Control Channel (M(,CI‘I) L2 Layer 2 (data link layer)
which is Point-to-multipoint DL channel used for transmit- L3 Layer 3 (network layer)
ting Multimedia Broadcast and Multicast Service (MBMS) LISB :-“"!%”‘; _"ld_’;-'““f .
scheduling and control information for one or several il s
MTCHs. Generally. after establishing RRC connection this MBMS Multirhedia Broadeast Multicast Service
channel is only used by UEs that receive MBMS. Dedicated t MCCH MBMS point-to-multipoint Control CHannel
Control Channel (DCCH) is Point-to-point bi-directional MRW Move Receiving Window
channel that transmits dedicated control information and used B Most Significant Bit o
by Uls haviiic an RRC conficchion. Inasteet T osacal Trafho MSCH MBMS point-to-multipoint Scheduling CHannel
Y gan : LATHASPOkly LOp) £ MTCH MBMS point-to-multipoint Traffic CHannel
C hgumf;ls comprises a ngl:catec_l Traffic Channel _(D"[ CH) PCCH Paging Control CHannel
which is Point-to-point bi-directional channel, dedicated to 45 PCH Paging CHannel
one UE, for the transfer of user information. Also, a Multicast PDU Protocol Data Unit
Traffic Channel (MTCH) for Point-to-multipoint DI channel g;‘:’ﬂ ::}l;f_‘{?w?lci?{yt‘r :
for transmitting traflic data. s S I
In an aspect, Transport Channels are classified into DL and RLC Radio Link Control
UL. DL Transport Channels comprises a Broadcast Channel sg RRC Radio Resource Control
(BCH), Downlink Shared Channel (DL-SCH) and a Paging SAP Service Access Point
Channel (PCH), the PCH for support, of UE power saving sDU Service Dala Unit
(DRX cycle is indicated by the network to the UE), broad- EEFI 23;::‘;;::;“"“’”
casted over entire cell and mapped to PHY resources which TCH Traffic CHannel
can be used for other control/traffic channels. DL transport .. TDD Time Division Duplex
channel associated with MBMS is Multicast Channel (MCH) TFI Transport Format Indicator
The UL Transport Channels comprises a Random Access ™ Transparent Mode
Channel (RACH), Uplink Shared Data Channel (UL-SDCH) TML Transparent Mode Data
. - . IT1 Transmission Time Interval
and pluarlity of PHY channels. The PHY channels comprises U iy
a set of DL channels and UL channels. UE Ulier Bailismisnt
it : ; 60 quip!
I'he DL PHY channels and signals comprises: UL UpLink
Reference signal (RS) LI.\-‘E I,]lmcknowleniged Mode
Primary and Secondary Synchronization Signals (PSS/SSS) m?‘, 5"{‘?““0"‘;‘;‘15?]‘1 \r’[‘l‘d“ D —
Physical Downlink Shared Channel (PDSCH) sty U:&‘,F;? "U‘. ‘I I{ﬂ;‘?“':"f“"'”“ 1R
L: T )[}C\(‘,H) - i CITES 13 .10, CCEss
Phybfcal DDWI'I]II]L Control Channel (I : UTRAN UMTS Terrestrial Radio Access Network
PhySlCZ]l Multicast Channel (PMCH) 65 MBSFN multicast broadcast single frequency network
Physical HARQ Indicator Channel (PHICH) MCE MBMS coordinating entity
Physical Control Format Indicator Channel (PCFICH)
IPR2025-00218 Exhibit 2003
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-continued
MCH multicast channel
DL-SCH downlink shared channel
MSCH MBMS control channel
PDCCH physical downlink control channel
PDSCH physical downlink shared channel
MBSFN multicast broadeast single frequency network
MCE MBMS coordinating entity
MCH multicast channel
DL-SCH downlink shared channel
MSCH MBMS control channel
PDCCH physical downlink control channel
PDSCH physical downlink shared channel
PUCCH physical uplink control channel
PUSCH physical uplink shared channel

FIG. 3 is an illustration of a wireless multiple-access com-
munication system 300 in accordance with various aspects. In
one example, the wireless multiple-access communication
system 300 includes multiple eNode Bs 310 and multiple UEs
320. Each eNode B 310 provides communication coverage
for a particular geographic area 302 (e.g., 302a. 3025, 302¢).
The term “cell” can refer to an eNode B and/or its coverage
area depending on the context in which the term is used. To
improve system capacily, an access lerminal coverage area
may be partitioned into multiple smaller areas, e.g.. three
smaller arcas 304a, 304b, and 304c. Each smaller area is
served by arespective eNode B. The term “sector” can refer to
an eNode B and/or its coverage, area depending on the con-
text in which the term is used. For a sectorized, cell, the eNode
Bs for all sectors of that cell are typically co-located within
the base station for the cell. The signaling transmission tech-
niques described herein may be used for a system with sec-
torized cells as well as a system with un-sectorized cells. For
simplicity, in the following description, the term “base sta-
tion” or eNode B is used generically for a station that serves
a sector as well as a station that serves a cell.

Terminals or UEs 320 are typically dispersed throughout
the system, and each UE may be fixed or mobile. A terminal
may also be called, and may contain some or all of the func-
tionality of, a mobile station, a user equipment, and/or some
other device. A terminal may be a wireless device, a cellular
phone, a personal digital assistant (PDA), a wireless modem
card, and so on. A terminal may communicate with zero, one,
or multiple base stations on the forward and reverse links at
any given moment.

For a centralized architecture, a system controller 330
couples to APs 310 and provides coordination and control for
these base stations. System controller 330 may be a single
network entity or a collection of network entities. For a dis-
tributed architecture, the APs 310 may communicate with one
another as needed.

One or more aspects of a wireless communication system
design are described that support full & half duplex FDD
(Frequency Division Duplex) and TDD (Time Division
Duplex) modes of operation, with support for scalable band-
width. However, this need not be the case, and other modes
may also be supported, in addition to, or in lieu, of the previ-
ous, modes. Further, it should be noted that the concepts and
approaches herein, need not be used in conjunction with any
other of the concepts or approaches described herein.

As detailed supra, uplink power control can have consid-
erable impact on the operation of a RN (radio network) as
signals are affected by various factors such as location of the
AT from an eNode B or atmospheric effects or other factors.
The attenuation experienced by uplink signals due to these
various factors can be compensated by constantly transmit-
ting them at a high power level. However, this may result in
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undesirable consequences such as high level of interference
between users or wastage of resources if at least some of the
factors causing such attenuation are not present. As a result, it
is desirable to control the power at which uplink signals are
transmitted by an AT. This is generally achieved by transmit-
ting power control commands to the AT by a serving base
station through its control channel transmissions. The process
of controlling power of uplink transmissions can either be an
aperiodic message based procedure or it may occur periodi-
cally.

FIG. 4 is a flow chart 400 detailing a closed loop power
control of uplink transmissions. The procedure begins at 402
wherein thresholds can be defined for one or more attributes
associated with uplink transmissions received from an UE at
a base station. For example, SNR (Signal-to-Noise Ratio) can
be an attribute detected from the UL uplink communications
which has a threshold defined for optimal transmissions. At
404, uplink transmissions are received from an UE at the base
station. These transmissions may relate to resource requests,
data/voice transmissions or other communications. The
received transmissions are analyzed at 406 in order to detect
requisite attributes such as SNR at 406. At 408, it is deter-
mined if the uplink communications have optimal attributes.
If yes, the base station continues to receive transmissions
without affecting the power levels of the UE. If at 408 it is
concluded that the transmissions received from the UE are
non-optimal, at 410 the attributes are compared with the
predefined threshold in order to determine an appropriate
adjustment that should be made to the attributes to set them at
optimal levels. Based at least on the conclusions derived at
410 appropriate power control messages are transmitted at
412. For example, if one of the attributes measured is the SNR
of the uplink signal, upon comparison with a predefined SNR
threshold an appropriate adjustment of power level is deter-
mined in order to facilitate transmissions at the optimal SNR.
Accordingly. if at 410 it is determined that the SNR is less
than the predefined threshold it can be concluded that the
signal should be transmitted at a higher power level. There-
fore a power control command is sent to the UE to transmit the
signals at higher power levels. If at 410, it is determined that
the SNR of the received signal is not less than the predefined
threshold, it is concluded that the signal has an SNR greater
than the threshold and accordingly an power control com-
mand is sent to the UE at 412 to decrease the power level of
the uplink transmissions. It can be appreciated that the pro-
cedure detailed supra is just one methodology of controlling
power at the UE. Other methods are possible for example, an
UE can be programmed to adjust its own power level via
measuring the attributes of a downlink signal etc.

Accordingly, resources are assigned by a serving base sta-
tion to transmit power control commands to an UE in order to
facilitate the terminal to transmit uplink communications at
anoptimal level. These resources are generally assigned stati-
cally per user (or per UE) and therefore remain assigned
irrespective of whether or not the UE is transmitting. This
leads to a non-optimal use of communication system
resources. Various aspects discussed herein mitigate such
wastage of resources by associating downlink power control
commands to resources used for uplink transmissions thereby
leading to a more dynamic assignment of resources for power
control signaling.

FIG. 5A illustrates a schematic diagram 500 of a power
control message transmitted to a plurality of UEs [ I, . . . N
that receive power control commands mapped in a manner
that is associated with the resources on which the respective
ULs transmit their uplink communications. In the figure, 502
is a control channel message carrying power control bits for
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the terminals I. I, . . . N. In this embodiment, a control
channel message 502 can comprise a message type field 504,
a bitmap 506. and a cyclic redundancy check (CRC) field 508.
The message type field 504 carries a specific value to identify
this message as a control channel message. Different mes-
sages may be assigned different message type values. The
bitmap field 506 comprises a bitmap that carries power con-
trol bits for each of the associated UEs. Accordingly, the
control channel message 502 is transmitted with N bits each
bit carrying a power control message for each of the L I1 . . .
N UEs.

In a further aspect, the location of these power control bits
in the bitmap is associated with the resources used by each of
the I, II, . . . N UEs for their uplink transmissions. Accord-
ingly, if UE I is transmitting uplink communications on
resource block 1 (RB 1), the power control bit meant for UE
I would be the first bit 0 in the bitmap. Similarly, if UE II is
transmitting uplink communications on resource block (RB)
2, the second bit in the bitmap 504 would be the power control

bit for the terminal 11. In accordance with an aspect, a resource 2

block can be made up of resource elements. For example. a
resource block can be comprised of predetermined resource
elements such as a specified number of consecutive SC
FDMA symbols in time domain and a specific number of

consecutive subcarriers in the frequency domain. Thus, if the 25 transmitted to the UEs on the downlink is mapped to the
UE N is transmitting on the Nth resource block. the Nth bit in resources employed by the UEs for their uplink communica-
the bitmap field would be the power control bit for the UE N. tions. Therefore, various UEs can decode the number of bits
Hence, the location of the power control bits in the bitmap and the location of the bits within the bitmap and adjust their
transmitted to the UEs on the downlink is mapped to the transmission power accordingly.
resources employed by the UEs for their uplink communica- 30 FIG. 5D illustrates another aspect related to transmitting
tions. These resources can be persistently assigned to respec- power control message when an UE is transmitting a plurality
tive UEs in accordance with a further aspect. If the resources of data streams in accordance with a MC-OFDMA scheme. A
are not persistently assigned, the power control bits can be data stream can comprise audio/video/user data generated at
included in uplink grants wherein 502 would accordingly be the UE. Accordingly. it may use continuous or discontinuous
an assignment message. In addition to persistently scheduled 35 resource blocks for transmitting on the uplink and the power
resources, power control bitmap could also be utilized for control bits can be located in contiguous positions or at dis-
implicitly scheduled retransmissions. where instead of UL continuous positions within the bitmap conveying the power
grants, PHICH is used to negatively acknowledge PUSCH control message to the UE. In addition. each data stream can
transmission and implicitly schedule retransmission on the be using a different number of resource blocks for its trans-
same virtual resources. Although it has been illustrated thata 40 missions. Therefore, a different number of bits can be asso-
single message comprising a single bit for controlling power ciated with power control of resource blocks utilized by each
of each terminal is transmitted simultaneously to all the ter- data stream. However, as discussed supra, since the position
minals, it can be appreciated that this is not necessary. Sepa- of these bits in the downlink communication from a serving
rate control messages can be transmitted to each of the UEs base station are mapped to the respective resource blocks
wherein each message carries power control bits for indi- 45 used for uplink transmissions, the UE can decode the down-
vidual UEs as seen in further detail infra. link control message and adjust its transmission power asso-
FIG. 5B relates to another aspect wherein more than one ciated with the resource block(s) for each data stream accord-
resource block is employed by a UE for transmission of its ingly.
uplink communications. A UE 1 can employ two resource In particular, FIG. 5D illustrates a downlink control mes-
blocks (1 and 2) while UE II can employ resource blocks 3 50 sage transmitted to a UE I which communicates on the uplink
and 4 (RB 3. RB 4) for their respective uplink transmissions. in accordance with a MC-FDMA mode utilizing a plurality of
Accordingly. two bits are used for controlling transmission discontinuous resource blocks. As an example, it can employ
power of the UEs. In this figure, 512 is the control channel two resource blocks (1 and 4) for one of its uplink transmis-
message including a message type field 514, a bitmap 516, sions (transmission I) while resource blocks (2. 3 and 5) are
and a cyclic redundancy check (CRC) field 518. Employing 55 used for another uplink communication (transmission 1I)
more than 1 bit in the message permits the base station better being transmitted on a difference frequency. Accordingly,
control of power in terms of granularity that can be achieved two bits at the first and the fourth positions are used for
as two bits can correspond to 2°=4 levels of power. Similarly, controlling power of the UE for the communication utilizing
depending on the number of resource blocks used by a termi- the first and the fourth resource blocks while three bits at the
nal for its uplink transmission. a base station can use as many 60 second, third and fifth positions are utilized for controlling
bits to manipulate power of a UE thereby achieving greater power of the transmissions utilizing the second, third and fifth
control. resource blocks. In the figure a control message 572 is sent.
FIG. 5C relates to yet another aspect wherein different UEs UE I wherein, the message includes a message type field 574,
employ varying number of resource blocks for their uplink abitmap 576, and a cyclic redundancy check (CRC) field 578.
communications. In particular, it is a schematic diagram of'a 65 Asdiscontinuous resource blocks are used for transmitting on
power control message transmitted to a plurality of ULs L the uplink, bits whose positions are non-contiguous are used
I1, ... N wherein the location of the power control bits for each for controlling power of respective transmissions. However,
IPR2025-00218 Exhibit 2003 Page 241 of 257
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ofthe UEs is mapped to the resources on which the respective
terminals transmit their uplink communications. In the figure,
552 is a control channel message carrying power control bits
for the terminals I, 11, . . . N. In this embodiment, control
message 552 includes a message type field 554, a bitmap 556,
and a cyclic redundancy check (CRC) field 558. The message
type field 554 carries a specific value to identify this message
as a control channel message, the bitmap field 554 comprises
a bitmap that carries power control bits for each of the asso-
ciated UEs while the CRC field is used by the UEs to verify if
the control channel message has been correctly decoded. As
seen in the figure, UE I has two resource blocks assigned to it
and therefore, two bits are used for power control of UE 1. UE
IT has only one resource block assigned to it and has only one
bit for controlling its transmission power. Accordingly, the
control channel message 552 is transmitted with a number of
bits N+X>N wherein each of the L. 1I. . . . N UEs can have
different number of bits associated with its power control.
This permits the serving base station to have different power
correction steps for different UEs based on the number of
resources they employ for their uplink transmissions. Accord-
ingly. the base station can have better control over transmis-
sion power levels of ULs using more resources. As mentioned
supra. the location of the power control bits in the bitmap
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as the position of these bits in the bitmap are associated with
the resource blocks used for uplink communications, UE 1
can decode and appropriately adjust power of its various data
streams based on their positions. It can be appreciated that a
single control message may be transmitted to a plurality of
UEs wherein one or more terminals can be transmitting a
plurality of data streams. Therefore, the remaining bits within
the message can be associated with power control of other
UEs. The transmission power of each of these data streams
can be controlled by the power control message by its bits
whose position in the message is mapped to the resources
utilized by the various uplink data streams originating from
the one or more UEs. In addition, the aforementioned aspects
can be applicable to both persistent and non-persistent assign-
ments. For non-persistent assignments, the power control
commands can be embedded in uplink grants.

Although the embodiments described herein have illus-
trated that the power control commands are carried to the UEs
via bitmaps, it can be appreciated that this is not necessary.

Other forms of power control communications wherein the 2

location of the power control messages for respective UEs are
mapped to the resources used by them for their uplink com-
munications are possible as further detailed infra. In accor-
dance with the aspects described supra, while a bitmap can be
used to transmit power control commands to a plurality of
UEs, more efficient means of transmitting these commands
individually can be explored. A bitmap can convey individual
power control commands separately to a single UE, however,
as it is statically configured with predetermined number of
bits it utilizes same amount of resources regardless of the
number of UEs being affected by it. Such a static process
tends to waste resources especially if other UEs do not require
any adjustment of their transmission power.

The disadvantages arising from use of bitmaps can be
overcome by a more dynamic method of indexing resource
blocks that need to be power controlled. Such a process also
consumes resources for indexing. For example, information
associated with sixteen UEs can be indexed using 4 bits.
Therefore, for each UE a total of 6 bits are required wherein
4 bits are used for indexing while 2 bits can be used for power
control commands. As such a method requires 6 bits in order
to convey 2 bits of power control information, it can be less
efficient or 3-4 times less indexed channels can be multi-
plexed. Similarly if the power control command is conveyed
within a single bit, 5-7 times less indexed channels can be
multiplexed. However. it provides the flexibility of transmit-
ting power control commands to a subset of UEs as it permits
statistical multiplexing whereas communication of power
control information via bitmaps is more static. In a more

detailed aspect, UEs can be divided into various groups based s

on their CQI (channel quality indicator) or radio conditions.
In addition to indexing individual resource blocks, another
aspect relates to indexing assignment ol resource blocks. For
non-persistent assignments as discussed supra, such indexing
can be included in the uplink grants.

Accordingly, FIG. 6 relates to another aspect of transmit-
ting power control bits wherein uplink resources are indexed.
A schematic diagram of'a group power control command 600
is illustrated wherein the command is transmitted to a group
of UEs which require adjustments to their transmission power
wherein location of the TPC (transmit power control) com-
mand is mapped to indexed uplink resources used by the UEs.
For example, PUCCH (Physical Uplink Control Channel)
and persistent PUSCH (Physical Uplink Shared Channel)
resource blocks are indexed when assigned with RRC (radio
resource control). Inthe figure, each of the blocks indicates an
indexed channel whose power is being adjusted via the group,
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power control command. Therefore, N is the total number of
indexed channels power controlled via the group power con-
trol command. This aspect relates to a static mapping of
power control commands for a given group of UEs as all the
UEs in the group have their power varied in accordance with
the TPC command associated therewith.

Another aspect relates to a more dynamic mapping of
power control commands for a group of access terminals
wherein power of specific access terminals within the group
can be controlled. A schematic diagram 602 illustrates the
group power control command transmitted in accordance
with this aspect. As mentioned supra, it can comprise 4-6 bits
for indexing thereby facilitating statistical multiplexing and 2
bits for TPC commands. In the figure, index 1 indicates the
4-6 bit index which specifies the resource block to be con-
trolled while TPC index 1 indicates the power control com-
mand that adjusts the power of the UE for transmissions
utilizing the resource block associated with index 1. There-
fore, K is the total number of indexed channels addressed by
the group power control command 602. Thus, indexing per-
sistently assigned resource blocks used for uplink communi-
cations and using them to map downlink power control com-
mands can lead to a more dynamic method of signaling. It
facilitates grouping UEs according to their radio conditions
and transmitting a group power control command only to
those UEs that require power correction. If a UE is assigned
multiple indexed resources, a single indexed resource (for
example the one with lowest index) is signaled in power
control message for the UE to interpret the power control
command. This leads to significant reduction in power over-
head whereas a more static mapping leads to the group power
control command being dimensioned with enough power to
be transmitted to all UEs within a cell.

FIG. 7 relates to a methodology 700 of transmitting power
control message to one or more UEs in accordance with an
aspect. The procedure begins at 702 wherein a serving base
station receives communications from a plurality of UEs. At
704, the various communications are analyzed to determine if
they have been transmitted with optimum power. As men-
tioned supra. SNR of the received communications can be one
of the attributes of the received communications that indi-
cates the transmission power of the messages. Various other
factors can also indicate the power with which the messages
are transmitted by the UEs. For example, if the SNR of the
received communications is very low then it can be concluded
that the message was transmitted with low power and that the
UE transmitting it should increase the power of its uplink
communications. Similarly location of the UE can be another
attribute to indicate a change in transmission power of the
message. [t is detected that the UE is proximate to the base
station then the transmission power of the UE may be reduced
to conserve power. If the messages are all transmitted with
optimum power then the procedure returns to receiving
uplink communications which are being transmitted at opti-
mum levels, else, the messages which have been transmitted
with non-optimum power and the UEs transmitting them are
identified at 706. At 708, the resource blocks used by these
UEs for transmitting the messages are also identified. As
detailed supra, depending on the mode of transmission, con-
tinuous or discontinuous resource blocks can be employed by
the UEs for their uplink communications. At 710, one or more
control messages to adjust power of those UEs transmitting at
non-optimum power levels are formulated. In accordance
with different aspects. a single power control message may be
formulated for a plurality of UEs or individual messages may
be composed for each of the UEs. Regardless of the number of
messages. the location of the power control bits within these
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messages is mapped to the resources utilized by the UEs for
their uplink communications. The messages are then commu-
nicated to the UEs on the downlink as shown at 712 in order
to adjust their transmission power to more optimum levels.
This method aids in assigning resources for power control
messages dynamically based on the uplink communications.
This is in contrast to more a static method of assigning these
resources wherein the resources allocated for transmitting
power control messages may be under utilized if the UEs are
either not transmitting or are transmitting at optimum power
levels.

FIG. 8 relates to a more detailed aspect of generating power
control messages for various UEs. The method 800 begins at
802 by analyzing communications received from each UE
transmitting at non-optimum power levels. At 804 the number
of resource blocks utilized by each UE for its uplink commu-
nications is identified. At 806, based on the analysis of step
802, power control commands to increase or decrease power
are generated for each UE statically as bitmaps wherein the

number of bits for controlling power of a given UE in the 2

bitmap would depend on the number of resource blocks used
by the UE for its uplink communications. In a different
aspect, the power control messages can be generated more
dynamically wherein indexed resources are employed for

uplink communications and the control messages comprise 25 tions. Thus, no resources are wasted in transmitting any com-
indexing information in addition to the power control com- munications to UEs already operating at optimal power lev-
mands for respective resources. The power control com-  els.
mands thus generated are communicated to the UEs either in FIG. 10 is a flow chart 1000 detailing a method of adjusting
a common message for a plurality of UEs or as individual power at the UEs based on the received commands. The
messages for each of the UEs as shown at 808. 30 procedure begins at 1002 wherein an UE transmits uplink
In accordance with different aspects. an UE can be trans- communications on assigned resources to a serving base,
mitting a plurality of data streams at different frequencies via station. At 1004, it can receive communications from the base
adopting a MC-FDMA mode. In this case, the different data station on the downlink wherein the communications can
streams being transmitted at non-optimal power levels for  relate to controlling power at the UE. At 1006, the received
each UE transmitting in a multi-carrier mode are identified. 35 messages are decoded and if they are associated with control-
Additionally, the resource blocks utilized by the UEs for such ling transmission power of the UEs, the relevant commands
data streams are also identified. In accordance with this are identified. In accordance with an aspect, the location of
aspect, it can be appreciated that some of the plurality of data power control commands in the messages transmitted on the
streams may be transmitted at optimum power levels and downlink is mapped to the resources utilized by the UE for its
hence do not need adjustments of power levels. Based upon 40 uplink communications. If the UE is transmitting a plurality
the results obtained on analyzing different transmissions, of data streams at different frequencies. then the power con-
appropriate power control commands are generated for data trol commands for one or more of the data streams are trans-
streams being transmitted at non-optimal power levels. In mitted in a manner that is mapped to the resource blocks used
accordance with different aspects, a common message with by the one or more data streams for their uplink communica-
the power control commands incorporated therein may be 45 tions. This facilitates the UE to recognize the appropriate
transmitted to a plurality of UEs or each UE may receive an power control commands and adjust its transmission power
exclusive message comprising its individual power control on the uplink accordingly as shown at 1008.
commands for adjusting power of its one or more data FIG. 11 illustrates a high-level system diagram of various
streams. components of a device in accordance with various aspects. It
FIG. 9 is associated with a methodology 900 of transmit- so0 is to be appreciated that the device 1100 may be an eNode B,
ting power control commands using indexing as described a UE, or a combination thereof. It comprises a communica-
herein. The method begins at 902 wherein ULs are assigned tions component 1102 that facilitates receiving and transmit-
resources for uplink communications. These resources can be ting communications to various entities utilizing hardware,
assigned persistently or non-persistently. Regardless of the software, and services as described herein. Although the com-
type of assignment, the resources can be indexed either indi- 55 munications component 1102 is depicted as a single entity, it
vidually or an assignment of'a group of resource blocks can be may be appreciated separate transmission and reception com-
indexed in accordance with different aspects. At 904, uplink ponents can be employed for sending and receiving commu-
communications are received from the different UEs that nications. In accordance with an aspect the device 1100 can
were assigned indexed resources as described at 902. At 906. act as an eNode B and the communications component 1102
the radio conditions associated with the received communi- 60 receives communications from various UEs relating to one or
cations are estimated. For example, as detailed supra. SNR more of resource requests, data transmissions etc. An analysis
can be used as one of the aitributes to determine the radio component 1104 analyzes the communications received from
conditions. Based at least on the estimated radio conditions, the various entities including a plurality of UEs to identify the
the UEs are grouped into different groups as shown at 908. entities. In accordance with an aspect, communications
For example, UEs with good conditions that do not need any 65 received from UEs are analyzed to determine the resource
changes in their transmission power can be classified under blocks used by the terminals for transmitting their respective
one group whereas other UEs that may require adjustments to uplink communications. Additionally, the analysis compo-
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their power can be placed in another group. Among such
groups requiring power corrections, different groups can be
formed based on the kind of power adjustments that are
required. Within such groups, those groups of UEs requiring
power corrections are identified at 910 and appropriate power
control commands are generated as shown at 912 such that
their position within the power control messages is mapped to
the resource blocks used by respective communications for
their uplink transmissions. The generated power control mes-
sages for different communications are transmitted on the
downlink as shown at 914. However. as the resource blocks
are indexed, the power control commands transmitted on the
downlink comprise information (or bits) associated with the
indexing of the resource blocks in addition to those conveying
the power control commands.

Conventionally, transmitting minimum number of bits is
encouraged in order to reduce usage of resources. However,
the aforementioned aspects offset the cost of greater
resources required for transmitting higher number of bits by
the unexpected benefits associated with dynamic aspects of
such signaling. As mentioned supra, indexing resource blocks
facilitates grouping UEs based on their radio conditions
thereby permitting transmission of power control commands
aperiodically to only for those UEs requiring power correc-
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nent can also analyze the communications to determine if the
communications are being transmitted at optimum power
levels. Although it has been illustrated that a single entity
executes the analysis process to determine various aspects of
the communications. it may be appreciated that more than one
entity can be employed for different analysis procedures. The
analysis component 1104 can include a single or multiple set
of processors or multi-core processors wherein the processors
can carry out other operations such as grouping UEs based on
their similar radio conditions or generating indexing infor-
mation for the resources assigned to the UEs or other func-
tions. Moreover, the analysis component 1104 can be imple-
mented as an integrated processing system and/or a
distributed processing system. The information gathered by
the analysis component 1104 can be stored in the memory
1106/data store 1108 for further processing. Memory 1106
can include random access memory (RAM). read only
memory (ROM), or a combination thereof. Data store 1108

can be any suitable combination of hardware and/or software >

that provides for mass storage of information, databases, and
programs employed in connection with aspects described
herein. The control component 1110 utilizes the information
regarding the resource blocks employed by respective Uls on

5
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power of the device 1200 in accordance with the appropriate
power control bits transmitted in these messages.

Next, systems that can enable aspects of the disclosed
subject matter are described in connection with FIGS. 13 and
14. Such systems can include functional blocks, which can be
functional blocks that represent functions implemented by a
processor or an electronic machine, software, or combination
thereof (e.g., firmware).

FIG. 13 illustrates a block diagram of an example system
1300 that enables communication of power control informa-
tion in accordance with aspects disclosed in the subject speci-
fication. System 1300 can reside at least partially within a
base station, for example. System 1300 includes a logical
grouping 1310 of electronic components that can act in con-
junction. In an aspect of the subject innovation, logical group-
ing 1310 includes an electronic component 1315 for receiving
uplink communications from one or more UEs; an electronic
component 1325 for analyzing the received communications
to identify communications received at non-optimal power
levels; and an electronic component 1335 for transmitting one
or more power control messages to at least one of the UEs
wherein location of at least one power control command
within the messages is mapped to at least one resource uti-

their uplink communications to form control messages for 25 lized by the at least one UE for the non-optimal uplink com-
UESs that may be transmitting at non-optimal power levels. As munications.
detailed supra, the control component can generate a single System 1300 can also include a memory 1340 that retains
message for a plurality of terminals or it can generate indi- instructions for executing functions associated with electrical
vidual messages for each terminal. The messages can be components 1315, 1325, and 1235, as well as measured or
stored in the memory 1106 or data store 1108 for transmitting 30 computed data that may be generated during executing such
to the UEs by the communications component 1102. functions. While shown as being external to memory 1340, it
FIG. 12 is another high level diagram illustrating various is to be understood that one or more of electronic components
components of a device 1200 in accordance with different 1315, 1325, and 1335, and can exist within memory 1340.
aspects described herein. The device 1200 can be aneNode B, FIG. 14 illustrates a block diagram of an example system
an UE or a combination thereof. The device comprises a 35 1400 that enables adjustment of power within a wireless
transmission component 1202 for transmitting various com- communication system in accordance with aspect described
munications. If the device is acting as an UE then the trans- in the subject specification. System 1400 can reside at least
mission component 1202 can transmit various communica- partially within a mobile, for example. System 1400 includes
tions on the uplink to a serving eNode B/base station. The alogical grouping 1410 of electronic components that can act
communications can include resource requests, data trans- 40 in conjunction. In an aspect of the subject innovation, logical
mission on assigned resources etc. The device also comprises grouping 1410 includes an electronic component 1415 for
a receiving component 1204 for receiving communications transmitting one or more uplink communications; an elec-
from various entities including eNode B, other UEs etc. Upon tronic component 1425 for receiving at least one power con-
transmission of resource requests, the receiving component trol message on downlink wherein location of at least one
can receive control messages relating to assignment of 45 power control command is mapped to at least one resource
resources for uplink communications or data transmissions. utilized in the uplink communications; and an electronic
In accordance with an aspect, the receiving component 1204 component 1435 for adjusting power levels of the one or more
can receive control messages related to adjusting powerofthe  uplink communications in accordance with the at least one
UE based on the attributes of its uplink communications. power control command.
These messages can be stored in the data store 1206. Data so  System 1400 can also include a memory 1440 that retains
store 1208 can be any suitable combination of hardware and/ instructions for executing functions associated with electrical
or software that provides for mass storage of information, components 1415, 1425 and 1435, as well as measured or
databases, and programs employed in connection with computed data that may be generated during executing such
aspects described herein. The device 1200 may optionally functions. While shown as being external to memory 1440, it
comprise a volatile/non-volatile memory 1210 including ran- 55 is to be understood that one or more of electronic components
dom access memory (RAM), read only memory (ROM), or a 1415, 1425 and 1435, and can exist within
combination thereof, These messages are decoded and pro- The data transmission techniques described herein may be
cessed by a processing component 1212. In accordance with implemented by various means. For example, these tech-
an aspect, the power control messages received from a serv- niques may be implemented in hardware. firmware, software.
ing base station/eNode B can be decoded and processed in 60 oracombination thereof. For a hardware implementation, the
order to identify the power control information. As detailed processing units used for data transmission at a transmitter or
supra, these messages can have power control bits at locations datareception at a receiver may be implemented within one or
within the message mapped to specific resource blocks more application specific integrated circuits (ASICs). digital
employed by the device 1200 for its uplink communications. signal processors (DSPs), digital signal processing devices
The information decoded from such power control messages 65 (DSPDs), programmable logic devices (PLDs). field pro-
can be stored in the memory 1210 and/or data store 1208 and grammable gate arrays (FPGAs). processors, controllers,
employed by the power control module 1206 to adjust the micro-controllers, microprocessors, electronic devices, other
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electronic units designed to perform the functions described
herein, or a combination thereof.

For a firmware and/or software implementation, the tech-
niques may be implemented with modules (e.g.. procedures.
functions, and so on) that perform the functions described
herein. The firmware and/or sofiware codes may be stored in
a memory and executed by a processor. The memory may be
implemented within the processor or external to the proces-
sor.

The previous description of the disclosed embodiments is
provided to enable any person, skilled in the art to make or use
the disclosure. 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
embodiments without departing from the spirit or scope of the
disclosure. Thus, the disclosure 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.

What has been described above includes examples of the 2

various embodiments. It is, of course, not possible to describe
every conceivable combination of components or methodolo-
gies for purposes of describing the embodiments, but one of
ordinary skill in the art may recognize that many further
combinations and permutations are possible. Accordingly.
the detailed description is intended to embrace all such alter-
ations, modifications, and variations that fall within the spirit
and scope of the appended claims.

In particular and in regard to the various functions per-

¥

'
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more UEs for transmitting the one or more non-optimal
uplink communications at the non-optimal power level:
and

transmifting the one or more power control messages to the

one or more ULs that transmitted the one or more non-
optimal uplink communications at the non-optimal
power level:

wherein the one or more uplink communications include a

plurality of data streams transmitted concurrently by at
least one of the UEs at different frequencies and the
power control messages individually adjust power of the
one or more resource blocks utilized for the data streams
being transmitted at the non-optimal power level.

2. The method of claim 1, wherein the power control mes-
sages comprise a bitmap that communicates the power con-
trol commands.

3. The method of claim 2, wherein the power control com-
mands are bits within the bitmap and a location of the bits
within the bitmap is mapped to the one or more resource
blocks employed by the respective UEs.

4. The method of claim 3, wherein a number of bits for
controlling power of a UE is associated with a number of
resource blocks utilized by the UE for its uplink communi-
cations.

5. The method of claim 1, wherein the transmitting the
power control messages comprises transmitting at least one
common power control message to the plurality of UEs.

6. The method of claim 1, wherein the transmitting the

formed by the abm_aedcs"cnbed COI‘I:!pO]lCl:lIS,dCVIC‘es, GLOAIS, ;.3 power control messages comprises transmitting individual

systems and the like, the terms (including a reference to a . R ol

e iy ’ ; power control messages comprising power control bits to
means”) used to describe such components are intended to each of the UEs

correspond, unless otherwise indicated, to any component = > — ”

which performs the specified function of the described com- 7. The method O_t Icla]m L. further COIMPrISINE indexing the

ponent (e.g.. a functional equivalent), even though not struc- 35 "eSOUrCe blocks un]‘lze(} by the TEpECARVC UEs.

turally equivalent to the disclosed structure, which performs 8. The mm!md of claim 7, thmf“ the POYEL control mes-

the function in the herein illustrated exemplary aspects of the ~ Sages comprise bits associated with the indexed resource

embodiments. In this regard. it will also be recognized that the ~ blocks in addition to bits associated with the power control

embodiments includes a system as well as a computer-read- commands.

able medium having computer-executable instructions for 40 9. The method of claim 7, further comprising grouping the

performing the acts and/or events of the various methods. UEs based at least on their estimated radio conditions.

In addition, while a particular feature may have been dis- 10. The method of claim 9, wherein the transmitting the
closed with respect to only one of several implementations. power control messages comprises transmitting group power
such feature may be combined with one or more other fea- control commands to one or more of the UE groups.
tures of the other implementations as may be desired and 45 11. Anapparatus for conveying power control information
advantageous for any given or particular application. Further- within a communication system, the apparatus comprising:
more, to the extent that the terms “includes,” and “including” a receiver that receives one or more communications from
and variants thereofl'are used in either the detailed description one or more user equipments (UEs);
or the claims, these terms are intended to be inclusive in a a processor that generates at least one power control mes-
manner similar to the term “comprising.” 50 sage for the one or more UEs that transmitted at least one

What is claimed is: of the one or more communications at a non-optimum

1. A method for controlling power within a wireless com- power level, wherein at least one location of at least one
munication system, the method comprising: power control command within the at least one power

receiving one or more uplink communications: control message is mapped to one or more resource

determining if the one or more uplink communications 55 blocks utilized by the one or more UEs for transmitting
have been transmitted at an optimum power level; at least one non-optimum communication at the non-
determining one or more resource blocks employed by one optimum power level; and
or more user equipments (UEs) for transmitting one or a transmitter that transmits the at least one power control
more non-optimal uplink communications at a non-op- message 1o the one or more UEs that transmitted the at
timal power level; 60 least one non-optimum communication;

generating one or more power control messages for the one wherein the one or more uplink communications include a

or more UEs that transmitted the one or more non- plurality of data streams transmitted concurrently by at
optimal uplink communications at the non-optimal least one of the UEs at different frequencies and the at
power level, wherein one or more positions of one or least one power control message individually adjusts
more power control commands within the one or more 65 power of the one or more resource blocks utilized for the
power control messages are mapped respectively to the data streams being transmitted at the non-optimal power
one or more resource blocks employed by the one or level.
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12. The apparatus of claim 11, further comprising a
memory that stores information associated with one or more
of the power control commands or the resource blocks.

13. The apparatus of claim 11, wherein the at least one
power control message comprises a plurality of power control
commands associated with the plurality of UEs wherein a
location of the plurality of power control commands within
the power control message is mapped to a plurality of
resource blocks utilized by the plurality of UEs for the one or

L

24

21. The computer program product of claim 20, wherein
the computer-readable medium further comprises code for
causing at least a computer to generate the power control
commands as bits within the bitmap.

22. The computer program product of claim 21, wherein
the computer-readable medium further comprises code for
causing at least a computer to map a location of the bits within
the bitmap to the one or more resource blocks employed by
the respective ULs.

more communications. 10 23.The computer program product of claim 22, wherein a

14. The apparatus of claim 11, wherein the transmitter number of bits for controlling power of at least one of the one
transmits a plurality of power control messages separately to or more UEs is associated with a number of resource blocks
each of the plurality of UEs wherein the plurality of power utilized by the at least one UE for its uplink communications.
control messages transmit individual power control com- 24. The computer program product of claim 19, wherein
mands to each of the plurality of UEs. 15 the code for causing at least a computer to transmit the power

15. The apparatus of claim 11, wherein at least one of the control messages cause the computer to transmit individual
UEs utilizes a plurality of resource blocks for transmitting the power control messages comprising power control bits to
at least one non-optimum communication. each of the UEs.

16. The apparatus of claim 15, wherein the at least one 25. The computer program product of claim 19, wherein
power control message comprises a plurality of powercontrol 20 the code for causing at least a computer to transmit the power
commands whose position within the power control message control messages cause the computer to transmit a common
is mapped to the plurality of resource blocks utilized by the at power control message to a plurality of UEs.
least one UE. 26. The computer program product of claim 19, wherein

17. The apparatus of claim 11, wherein the at least one the computer-readable medium further comprises code for
power control message comprises indexing informationasso- 25 causing at least a computer to index the resource blocks
ciated with the resource blocks. employed by the UEs.

18. The apparatus of claim 17, wherein the power control 27. The computer program product of claim 26, wherein
message comprises power control commands for a plurality the computer-readable medium further comprises code for
of the one or more UEs grouped together based at least on causing at least a computer to group the UEs into one or more
respective radio conditions. 30 groups based at least on respective radio conditions.

19. A computer program product comprising: 28. The computer program product of claim 27, wherein

a computer-readable medium comprising: the code for causing at least a computer to transmit the power

code for causing at least a computer to receive one or more control messages cause the computer to transmit a common

uplink communications; power control message to at least one of the UE groups
code for causing at least a computer to determine if theone 35 wherein the common power control message comprises
or more uplink communications have been transmitted indexing information in addition to the control commands.
at an optimum power level: 29. A wireless communications apparatus for communi-
code for causing at least a computer to determine one or cating power control information, the system comprising:
more resource blocks employed by one or more user means for receiving one or more uplink communications
equipments (UEs) for transmitting one or more non- 40 from one or more user equipments (UEs):
optimal uplink communications at a non-optimal power means for analyzing the received one or more uplink com-
level; munications to identify one or more non-optimal uplink
code for causing at least a computer to generate one or communications received at a non-optimal power level;
more power control messages for the one or more UEs and
that transmitted the one or more non-optimal uplink 45  means for transmitting one or more power control mes-
communications at the non-optimal power level, sages to at least one of the one or more UEs that trans-
wherein one or more positions of one or more power mitted the one or more non-optimal uplink communica-
control commands within the one or more power control tions at the non-optimal power level, wherein at least one
messages are mapped respectively to the one or more location of at least one power control command within
resource blocks employed by the one or more UEs to 50 the one or more power control messages is mapped to at
transmit the one or more non-optimal uplink communi- least one resource block utilized by the at least one UE
cations at the non-optimal power level; and for transmitting the one or more non-optimal uplink
code for causing at least a computer to transmit the one or communications at the non-optimal power level;
more power control messages to the one or more ULs wherein the one or more uplink communications include a
that transmitted the one or more non-optimal uplink 55 plurality of data streams transmitted concurrently by at
communications at the non-optimal power level: least one of the UEs at different frequencies and the
wherein the one or more uplink communications include a power control messages individually adjust power of the
plurality of data streams transmitted concurrently by at one or more resource blocks utilized for the data streams
least one of the UEs at different frequencies and the being transmitted at the non-optimal power level.
power control messages individually adjust powerofthe 60 30. The apparatus of claim 29, further comprising means
one or more resource blocks utilized for the data streams for storing one or more of the received uplink communica-
being transmitted at the non-optimal power level. tions or attributes associated with the received uplink com-

20. The computer program product of claim 19, wherein munications.
the computer-readable medium further comprises code for 31. The apparatus of claim 29, wherein the means for
causing at least a computer to include a bitmap into the power 65 transmitting the power control messages comprises means for
control messages in order to communicate the power control transmitting a bitmap that comprises the power control com-
commands. mands.
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32. The apparatus of claim 31, wherein the power control
commands are bits within the bitmap and a location of the bits
within the bitmap is mapped to the at least one resource block
employed by the at least one UE for transmitting the non-
optimal uplink communications.

33. The apparatus of claim 32, wherein a number of bits for
controlling power of the at least one UE is associated with a
number of resource blocks utilized by the UE for the non-
optimal uplink communications.

34. The apparatus of claim 29, further comprising means
for indexing resource blocks utilized by the UEs for uplink
communications.

35. The apparatus of claim 34, wherein the means for
analyzing comprises means for grouping the ULs into one or
more groups in accordance with respective radio conditions
associated therewith.

36. The apparatus of claim 35, wherein the means for
transmitting the power control messages comprises means for

transmitting a common power control message to at leastone 2

of the UE groups wherein the common power control mes-
sage comprises the resource indexing information in addition
o power control commands.
37. A method of receiving power control commands, the
method comprising:
transmilting one or more uplink communications;
receiving at least one power control message ona downlink
when the one or more uplink communications is deter-
mined to be transmitted at a non-optimal power level,

wherein at least one location of at least one power con- 30 code forcausing at least a computer to transmit one or more
trol command within the at least one power control uplink communications;
message is mapped to one or more resource blocks uti- code for causing at least a computer to receive at least one
lized for transmitting the one or more uplink communi- power control message on a downlink when the one or
cations at the non-optimal power level; more uplink communications is determined to be trans-
identifying the at least one power control command based 35 mitted at a non-optimal power level, wherein at least one
at least on a location of the at least one power control location of at least one power control command within
command within the at least one power control message: the at least one power control message is mapped to at
and least one resource block utilized for transmitting the one
adjusting power levels of the one or more uplink commu- or more uplink communications at the non-optimal
nications in accordance with the at least one power con- 40 power level: and
trol command: code for causing at least a computer to adjust power levels
wherein the one or more uplink communications include a of the one or more uplink communications in accor-
plurality of data streams transmitted concurrently at dif- dance with the at least one power control command;
ferent frequencies and the at least one power control wherein the one or more uplink communications include a
message individually adjusts power of the one or more 45 plurality of data streams transmitted concurrently at dif-
resource blocks utilized for the data streams being trans- ferent frequencies and the at least one power control
mitted at the non-optimal power level. message individually adjusts power of the one or more
38. The method of claim 37, wherein the resource blocks resource blocks utilized for the data streams being trans-
utilized for the uplink communications are indexed. mitted at the non-optimal power level.
39. The method of claim 38, further comprising associating 50 48. The computer program product of claim 47, wherein
with a group of UEs based at least upon radio conditions. the received power control message comprises a plurality of
40. The method of claim 39, wherein the receiving the power control commands, wherein a location of the power
power control message comprises receiving a group power control commands within the received message is mapped to
control message that includes power control commands in the the plurality of resource blocks used for the uplink commu-
group in addition to indexing information associated with the 55 nications.
resource blocks utilized by the UEs for the uplink communi- 49. The computer program product of claim 47, wherein
cations. the resource blocks utilized for the uplink communications
41. An apparatus for adjusting transmission power levels are indexed.
within a communication system, the apparatus comprising: 50. The computer program product of claim 47, wherein
a transmitter that transmits one or more uplink communi- 60 the computer-readable medium further comprises code for
cations at a non-optimal power level; causing at least a computer to associate with a group of UEs
areceiver that receives at least one power control message based at least upon radio conditions.
when the one or more uplink communications is deter- 51. The computer program product of claim 50, wherein
mined to be transmitted at the non-optimal power level, the received power control message is a group power control
wherein at least one location of at least one power con- 65 message comprising power control commands in the group
trol command within the at least one power control and indexing information associated with the resource blocks
message is mapped to one or more resource blocks uti- utilized by the UEs for the uplink communications.
IPR2025-00218 Exhibit 2003 Page 247 of 257
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lized for transmitting the one or more non-optimal
uplink communications at the non-optimal power level;
and

a processor that controls power levels of the transmitter

based on the at least one power control command;

wherein the one or more uplink communications include a

plurality of data streams transmitted concurrently at dif-
ferent frequencies and the at least one power control
message individually adjusts power of the one or more
resource blocks utilized for the data streams being trans-
mitted at the non-optimal power level.

42. The apparatus of claim 41, wherein the received power
control message comprises a bitmap wherein at least one bit
within the bitmap functions as the power control command
and a location of the bit within the bitmap is mapped to the
resource blocks utilized for the non-optimal uplink commu-
nications.

43. The apparatus of claim 42, wherein a number of bits
within the bitmap corresponds to anumber of resource blocks
utilized for the non-optimal uplink communications.

44. The apparatus of claim 41, wherein the resource blocks
are persistently assigned.

45. The apparatus of claim 41, wherein the resource blocks
utilized by the non-optimal communications are indexed.

46. The apparatus of claim 41, wherein the power control
message comprises indexing information associated with the
resource blocks in addition to the power control command.

47. A computer program product comprising:

a computer-readable medium comprising:
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52. An apparatus for adjusting power within a wireless
communication system, the apparatus comprising:

means for transmitting one or more uplink communica-

tions;
means for receiving at least one power control message on
a downlink when the one or more uplink communica-
tions is determined to be transmitted at a non-optimal
power level, wherein at least one location of at least one
power control command within the at least one power
control message is mapped to at least one resource block 10
utilized for transmitting the one or more uplink commu-
nications at the non-optimal power level; and
means for adjusting power levels of the one or more uplink
communications in accordance with the at least one
power control command,; 1

wherein the one or more uplink communications include a
plurality of data streams transmitted concurrently by at
least one of the UEs at different frequencies and the at
least one power conirol message individually adjusts
power of the one or more resource blocks utilized for the 20
data streams being transmitted at the non-optimal power
level.

53. The apparatus of claim 52, wherein the resource blocks
utilized in the uplink communications are indexed and the
power control message comprises the indexing information 25
along with the power control command.
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Foreword

This Technical Specification has been produced by the 3™ Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version X.y.z
where:
x the first digit:
1 presented to TSG for information;
2 presented to TSG for approval:
3 or greater indicates TSG approved document under change control.

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, ctc.

z the third digit is incremented when editorial only changes have been incorporated in the document.

1 Scope

The purpose of this report is to identify specialist technical terms used within the 3GPP project for the purposes of
specifying service requirements. The motivations for this are:

- To ensure that editors use terminology that is consistent across specifications.
- To provide a reader with convenient reference for technical terms that are used across multiple documents.
- To prevent inconsistent use of terminology across documents.

This document is a collection of terms, definitions and abbreviations related to the baseline documents defining 3GPP
objectives and systems framework. This document provides a tool for further work on 3GPP technical documentation
and facilitates their understanding.

The terms, definitions and abbreviations as given in this document are either imported from existing documentation
(ETSIL ITU or elsewhere) or newly created by 3GPP experts whenever the need for precise vocabulary was identified.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For a specific reference, subsequent revisions do not apply.

- For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document,

[ Void
2] 3GPP TS 25.990: "Technical Specification Group (TSG) RAN; Vocabulary ".
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[3] “The Path towards UMTS - Technologies for the Information Society” — Report #2, UMTS
Forum.
[4] 3GPP TS 23.122: "Non-Access-Statum (NAS) functions related to Mobile Station (MS) in idle
mode".
[5] ETSI TR 180 000: "NGN terminology".
[6] IEC 60050-161: "International Electrotechnical Vocabulary - Chapter 161: Electromagnetic

compatibility".

N 3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) access”.

[8] 3GPP TS 23.101: "General Universal Mobile Telecommunications System (UMTS) architecture”.

3 Terms and definitions

1.8V technology Smart Card: A Smart Card operating at 1.8V £ 10% and 3V & 10%.
1.8V technology Terminal: A terminal operating the Smart Card - Terminal interface at 1.8V £ 10% and 3V = 10%.

3GPP Generic User Profile (GUP): The 3GPP Generic User Profile is the collection of user related data which affects
the way in which an individual user experiences services and which may be accessed in a standardised manner.

3GPP system: the telecommunication system standardised by the 3GPP consisting of a core network and a radio access
network that may be either GERAN or UTRAN, or both.

3GPP System core network: refers in this specification to an evolved GSM core network infrastructure.
3GPP System coverage: scc coverage arca.

3GPP System IC Card: An IC card (or 'smartcard') of defined electromechanical specification which contains at least
one USIM.

3GPP System mobile termination: part of the 3GPP System Mobile Station which provides functions specific to the
management of the radio interface (Um).

3GPP-WLAN Interworking: Used to generically refer to interworking between the 3GPP system and the WLAN
family of standards.

3V technology Smart Card: A Smart Card operating at 3V 10% and 5V £ 10%.

3V technology Terminal: A terminal operating the Smart Card - Terminal interface at 3V-£ 10% and 5V + 10%.

A

A/Gb mode: mode of operation of the MS when connected to the Core Network via GERAN and the A and/or Gb
interfaces.

Acceptable Cell: A cell that the UE may camp on to make emergency calls. It must satisfy certain conditions.
Access conditions: A set of security attributes associated with a file.

Access delay: The value of clapsed time between an access request and a successful access (source: ITU-T X.140).
Access Stratum: functional grouping consisting of the parts in the infrastructure and in the user equipment and the

protocols between these parts being specific to the access technique (i.e. the way the specific physical media between
the User Equipment and the Infrastructure is used to carry information).
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Note: For full definition, see 23.101 [8], clause 6.2.

Access Stratum SDU (Service Data Unit): Unit of data transferred over the access stratum SAP (Service Access
Point) in the Core Network or in the User Equipment.

Access protocol: A defined set of procedures that is adopted at an interface at a specified reference point between a
user and a network to enable the user to employ the services and/or facilities of that network (source: ITU-T L.112).

Accounting: The process of apportioning charges between the Home Environment, Serving Network and User.

Accuracy: A performance criterion that describes the degree of correctness with which a function is performed. (The
function may or may not be performed with the desired speed.) (source: ITU-T 1.350).

Active communication: a UE is in active communication when it has a CS connection established. For PS active
communication is defined by the existence of one or more Activated PDP contexts. Either one or both of the mentioned
active communications may occur in the UE.

Active Set: Set of radio links simultaneously involved in a specific communication service between an UL and a
UTRAN.

Adjacent Channel Leakage power Ratio (ACLR): The ratio of the average power centered on the assigned channel
frequency to the average power centered on an adjacent channel frequency. In both cases the average power is measured
with a filter that has Root Raised Cosine (RRC) filter response with roll-off o = 0.22 and a bandwidth equal to the chip
rate.

Air Interface User Rate: The user rate between Mobile Termination and IWF. For T services it is the maximum
possible ATUR not including padding. For NT services it is the maximum possible AIUR.

ALCAP: Generic name for the transport signalling protocols used to set-up and tear-down transport bearers.
Allowable PLMN: A PLMN which is not in the list of forbidden PLMN in the UE.

Allowed CSG list: A list stored in the UE containing the CSG identities and associated PLMN identities of the CSGs to
which the subscriber belongs.

Ancillary equipment: Equipment (apparatus), used in connection with a receiver, transmitter or transceiver is
considered as an ancillary equipment (apparatus) if:

- the equipment is intended for use in conjunction with a receiver, transmitter or transceiver to provide additional
operational and/or control features to the radio equipment, (e.g. to extend control to another position or location):
and

- the equipment cannot be used on a stand alone basis to provide user functions independently of a receiver,
transmitler or transceiver; and

- the recciver, transmitter or transceiver to which it is connected, is capable of providing some intended operation
such as transmitting and/or receiving without the ancillary equipment (i.c. it is not a sub unit of the main
equipment essential to the main equipment basic functions).

Applet: A small program that is intended not to be run on its own, but rather to be embedded inside another application

Application: an application is a service enabler deployed by service providers, manufacturers or users. Individual
applications will often be enablers for a wide range of services. (UMTS Forum report #2) [3]

Applications / Clients: These are services, which are designed using service capability features.

Application Dedicated File (ADF): an application DF is the entry point to an application on the UICC.
Application Interface: Standardised Interface used by application/clients to access service capability features.
Application protocol: The set of procedures required by the application.

ASCI Generic name to identify the services VGCS. VBS and eMLPP.

Authentication: A property by which the correct identity of an entity or party is established with a required assurance.
The party being authenticated could be a user, subscriber, home environment or serving network.
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Available PLMN: A PLMN where the UE has found a cell that satisfies certain conditions.

Average power: The thermal power as measured through a root raised cosine filter with roll-off « = 0.22 and a
bandwidth equal to the chip rate of the radio access mode. The period of measurement shall be one power control group
(timeslot) unless otherwise stated.

B

Band category: A group of operating bands for which the same MSR scenarios apply

Base Station: A base station is a network element in radio access network responsible for radio transmission and
reception in one or more cells to or from the user equipment. A base station can have an integrated antenna or be
connected to an antenna by feeder cables. In UTRAN it terminates the luw interface towards the RNC. In GERAN it
terminates the Abis interface towards the BSC.

Baseline capabilities: Capabilities that are required for a service-less UE to operate within a network. The baseline
capabilities for a UE include the capabilities to search for, synchronise with and register (with authentication) to a
network. The negotiation of the UE and the network capabilities, as well as the maintenance and termination of the
registration are also part of the required baseline capabilities.

Base Station Controller: This equipment in the BSS is in charge of controlling the use and the integrity of the radio
resources.

Base station receive period: The time during which the base station is receiving data subframes or UpPTS.

Base Station RF bandwidth: The bandwidth in which a Base Station transmits and receives multiple carriers and/or
RATSs simultanecously

Base Station RF bandwidth edge: The frequency of one of the edges of the Base Station RF bandwidth

Base Station Subsystem: Either a full network or only the access part of a GERAN offering the allocation, release and
management of specific radio resources to establish means of connection between an MS and the GERAN.
A Base Station Subsystem is responsible for the resources and transmission/reception in a set of cells.

Bascline Implementation Capabilities: Set of Implementation capabilities, in each technical domain, required to
enable a UE to support the required Baseline capabilities.

Basic OR Basic Optimal Routeing

Basic telecommunication service: This term is used as a common reference to both bearer services and teleservices.
Bearer: A information transmission path of defined capacity, delay and bit error rate, etc.

Bearer capability: A transmission function which the UE requests to the network.

Bearer independent protocol: (UICC) Mechanism by which the ME provides the (U)SIM applications on the UICC
with access to the data bearers supported by the ME and the network.

Bearer service: A type of telecommunication service that provides the capability of transmission of signals between
access points,

Best effort QoS: The lowest of all QoS traffic classes. If the guaranteed QoS cannot be delivered, the bearer network
delivers the QoS which can also be called best effort QoS.

Best effort service: A service model which provides minimal performance guarantees, allowing an unspecified
variance in the measured performance criteria.

Billing: A function whereby CDRs generated by the charging function are transformed into bills requiring payment.

Broadcast: A value of the service attribute "communication configuration”, which denotes unidirectional distribution to
all users (source: ITU-T 1.113).

Byte code: (UICC) A hardware machine independent representation of a primitive computer operation that serves as an
instruction to a software program called an interpreter or a virtual machine that simulates the hypothetical computer’s
central processing unit. code generated by a Java compiler and executed by the Java interpreter.
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