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INTHE UNITED STATESDISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS
MARSHALL DIVISION

OPTISWIRELESS TECHNOLOGY, LLC,
OPTISCELLULAR TECHNOLOGY, LLC, o
AND PANOPTIS PATENT MANAGEMENT, Civil Action No. 2:17-cv-123
LLC,

Plaintiffs,
JURY TRIAL REQUESTED

V.

HUAWEI TECHNOLOGIESCO. LTD,
HUAWEI DEVICE USA, INC., AND HUAWEI
DEVICE CO.LTD

Defendants.

PLAINTIFFS THIRD AMENDED COMPLAINT FOR PATENT INFRINGEMENT

Plaintiffs Optis Wireless Technology, LLC, Optis Cellular Technology, LLC, and
PanOptis Patent Management, LLC (collectively, “PanOptis’) file this Third Amended
Complaint for patent infringement under 35 U.S.C. 8 271 against Huawei Technologies Co. Ltd.,
Huawel Device USA, Inc., and Huawei Device Co. Ltd. (collectively, “Huawei”), and alege as
follows:

NATURE OF THE ACTION

1 This is an action for patent infringement. Huawel has infringed and continues to
infringe, contribute to the infringement of, and/or actively induce others to infringe U.S. Patent
Nos. 7,769,238 (“the ' 238 patent”), 6,604,216 (“the ’ 216 patent”), 7,940,851 (“the 851 patent”),
8,385,284 (“the ' 284 patent”), 8,208,569 (“the 569 patent”), 8,102,833 (“the 833 patent”), and

8,437,293 (“the ' 293 patent”) (collectively, “the Asserted Patents’ or “the Patents-in-Suit”).
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PARTIES

2. Plaintiff Optis Wireless Technology, LLC (“Optis Wireless’) is alimited liability
company organized and existing under the laws of the State of Delaware, and maintains its
principal place of business at 7160 Dallas Parkway, Suite 250, Plano, TX 75024.

3. Plaintiff Optis Cellular Technology, LLC (“Optis Cellular”) is a limited liability
company organized and existing under the laws of the State of Delaware, and maintains its
principal place of business at 7160 Dallas Parkway, Suite 250, Plano, TX 75024.

4, Plaintiff PanOptis Patent Management, LLC (“PPM”) is a limited liability
company organized and existing under the laws of the State of Delaware, and maintains its
principal place of business at 7160 Dallas Parkway, Suite 250, Plano, TX 75024.

5. Upon information and belief, Huawei Technologies Co. Ltd. (“Huawe
Technologies’) is a Chinese corporation with its principal place of business at Bantian,
Longgang District, Shenzhen, People' s Republic of China.

6. Upon information and belief, Huawel Device USA, Inc. (“Huawei Device’) isa
corporation organized under the laws of Texas, having its principal place of business at 5700
Tennyson Parkway, Suite 500, Plano, Texas 75024.

7. Upon information and belief, Huawel Device Co. Ltd. (“Huawei Device China’)
is a Chinese corporation with its principa place of business at Bantian, Longgang District,
Shenzhen, Peopl€e’ s Republic of China.

JURISDICTION AND VENUE

8. This Court has exclusive subject matter jurisdiction over this case under 28
U.S.C. 88 1331 and 1338.

9. Venue is proper in this Court pursuant to 28 U.S.C. 88 1391 and 1400(b) because
Huawel has committed acts of infringement in this judicial district and is subject to personal
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jurisdiction in thisjudicial district.

10.  This Court has personadl jurisdiction over Huawei. Huawel Device is organized
under the laws of Texas, and maintainsits principal place of businessin this District. Huawel has
continuous and systematic business contacts with the State of Texas. Huawel, directly or through
subsidiaries or intermediaries (including distributors, retailers, and others), conducts its business
extensively throughout Texas, by shipping, distributing, offering for sale, selling, and advertising
(including the provision of interactive web pages) its products and services (including its
infringing products and services) in the State of Texas and the Eastern District of Texas. Huawel,
directly and through subsidiaries or intermediaries (including distributors, retailers, and others),
has purposefully and voluntarily placed its infringing products and services into this District and
into the stream of commerce with the intention and expectation that they will be purchased and
used by consumers in this District. These infringing products and services have been and
continue to be purchased and used by consumers in this District. Huawel has committed acts of
patent infringement within the State of Texas and, more particularly, within this District.
Jurisdiction over Huawel in the matter is aso proper inasmuch as Huawe has voluntarily
submitted itself to the jurisdiction of the courts by commencing litigations within the State of
Texas (including in this District), by registering with the Texas Secretary of State's Office to do
business in the State of Texas, and by appointing a registered agent.

THE PANOPTISPATENTS

11.  On August 3, 2010, the '238 patent was duly and legally issued for an invention
titled, “Picture Coding Method and Picture Decoding Method.” PanOptis owns al rights to the
'238 patent necessary to bring this action. A true and correct copy of the *238 patent is attached
hereto as Exhibit 1.

12.  On August 5, 2003, the '216 patent was duly and legally issued for an invention
3
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titled, “Telecommunications System and Method for Supporting an Incremental Redundancy
Error Handling Scheme Using Available Gross Rate Channels.” PanOptis owns all rights to the
'216 patent necessary to bring this action. A true and correct copy of the *216 patent is attached
hereto as Exhibit 2.

13. On May 10, 2011, the *851 patent was duly and legally issued for an invention
titled, “Radio Communication Apparatus and Radio Communication Method.” PanOptis owns
all rights to the *851 patent necessary to bring this action. A true and correct copy of the 851
patent is attached hereto as Exhibit 3.

14. On February 26, 2013, the 284 patent was duly and legaly issued for an
invention titled, “Control Channel Signaling Using a Common Signaling Field for Transport
Format and Redundancy Version.” PanOptis owns all rights to the ' 284 patent necessary to bring
this action. A true and correct copy of the’ 284 patent is attached hereto as Exhibit 4.

15.  On June 26, 2012, the '569 patent was duly and legally issued for an invention
titled, “Method and Apparatus for Multicarrier Communication.” PanOptis owns all rights to the
'569 patent necessary to bring this action. A true and correct copy of the '569 patent is attached
hereto as Exhibit 5.

16. On January 24, 2012, the ' 833 patent was duly and legally issued for an invention
titled, “Method for Transmitting Uplink Signals.” PanOptis owns al rights to the '833 patent
necessary to bring this action. A true and correct copy of the '833 patent is attached hereto as
Exhibit 6.

17. On May 7, 2013, the '293 patent was duly and legally issued for an invention
titled, “Methods and Systems for Scheduling Resources in a Telecommunication System.”

PanOptis owns all rights to the ’ 293 patent necessary to bring this action. A true and correct copy
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of the’ 293 patent is attached hereto as Exhibit 7.

PLAINTIFFS LTE STANDARDSESSENTIAL PATENTS

18. PanOptis incorporates by reference the preceding paragraphs as though fully set
forth herein.

19. The European Telecommunications Standards Institute (“ETSI”) is a standard
setting organization (“SSO”) that produces globally-accepted standards for the
telecommunication industry. ETSI is an organizational partner of the Third Generation
Partnership Project (“3GPP’), which maintains and develops globally applicable technical
specifications for mobile systems, including the specifications for implementation and use of
wireless communications for high-speed data referred to as the Long Term Evolution (“LTE”)
Standard.

20. Implementation and use of the LTE standard, including, but not limited to, use of
wireless communications for high-speed data compliant with the LTE specifications as detailed
in the 3GPP specification series TS 36.101-36.978, has increased in recent years and continues to
increase at arapid pace.

21. ETSI has developed and promulgated an IPR Policy (found at Annex 6 to the
ESTI Rules of Procedure, published November 19, 2014). This policy is intended to strike a
balance between the needs of standardization for public use in the field of telecommunications
on the one hand, and the rights of IPR owners on the other hand. ETSI requires its members to
disclose patents that “are or become, and remain ESSENTIAL to practice” its standards or
technical specifications. Clause 15.6 of the ETSI IPR Policy defines the term “ESSENTIAL” to
mean that “it is not possible on technical (but not commercial) grounds, taking into account
normal technical practice and the state of the art generally available at the time of

standardization, to make, sell, lease, otherwise dispose of, repair, use or operate EQUIPMENT or
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METHODS which comply with a STANDARD without infringing that IPR.”

22. Optis Wireless is the assignee of numerous patents, originally assigned to either
Telefonaktiebolaget LM Ericsson (“Ericsson”) or Panasonic Corporation (“Panasonic”), that are,
and remain, essentia (as that term is defined by ETSI) to practicing the LTE Standard.

23. Optis Céllular is the assignee of numerous patents, originaly assigned to either
Ericsson or LG ElectronicsInc. (“LG”), that are, and remain, essentia (as that term is defined by
ETSI) to practicing the LTE Standard.

24. Ericsson, the original assignee of the ' 216 patent, declared that patent as essential
to practicing the LTE Standard in 20009.

25. Panasonic, the original assignee of the’' 851, ' 284, and ' 569 patents, declared those
patents as essential to practicing the LTE Standard. Optis Wireless, upon acquisition of those
patents from Panasonic, re-declared those patents to ETSI as essentia to practicing the LTE
Standard.

26. LG, the original assignee of the 833 patent, declared that patent as essential to
practicing the LTE Standard in 2009. Optis Cellular, upon acquisition of that patent, re-declared
it to ETSI as essential to practicing the LTE Standard.

27. Ericsson, the original assignee of the ' 293 patent, declared that patent as essential
to practicing the LTE Standard in 2009. Optis Cellular, upon acquisition of that patent, re-
declared it to ETSI as essential to practicing the LTE Standard.

28. PanOptis, in conformance with ETSI’s IPR Policy, has informed Huawe that
PanOptis is prepared to grant Huawei an irrevocable license to its LTE essential patents,
including the *216, '851, ' 284,'569, ' 833, and ' 293 patents, on terms that are Fair, Reasonable,

and Non-Discriminatory (“FRAND”).
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29. Huawei requires a license to PanOptis's LTE essential patents because Huawei
makes, has made, sells, leases, disposes of, repairs, uses, and operates products (including
Huawei’ s mobile communication devices) that are configured to, and do, operate in compliance
with the LTE Standard, and thus infringe PanOptis s LTE essential patents.

30. In April 2014, PanOptis sent Huawel correspondence that initiated PanOptis's
good faith effortsto license its LTE essential patents to Huawel on FRAND terms.

3L On July 18, 2014, PanOptis sent correspondence to Huawel that contained lists of
PanOptis' s patents, including the Patents-in-Suit.

32. PanOnptis representatives, at their own expense, traveled and met face-to-face with
Huawei representatives at least ten times in Hong Kong and Shenzhen, China, on June 5, 2014,
August 28, 2014; November 4, 2014; January 27, 2015; April 8, 2015; June 18, 2015; August 20,
2015; November 13, 2015; February 1, 2016; and May 25, 2016. During those meetings,
PanOptis presented, in good faith, material concerning its LTE essential patents, aong with
FRAND termsfor its LTE essential patents, including a proposed term sheet for a global license.

33. In addition to meeting with Huawel numerous times, PanOptis has initiated and
exchanged written correspondence with Huawel and has contacted Huawei by phone on
numerous occasions. PanOptis aso provided Huawel with a number of exemplary claim charts
showing infringement by Huawei’s products that are configured to operate in compliance with
the LTE Standard, including, but not limited to, claim charts for the'569 and ’ 833 patents.*

34. On January 27, 2017, PanOptis sent another letter to Huawel, reiterating that it
was prepared to offer, and has offered, to license its standard essential patents on terms that are

FRAND.

! PanOptis also provided Huawei with a claim chart showing infringement by Huawei’ s products of the 238

implementation patent.
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35. To date, Huawel has not reciprocated PanOptis's good faith efforts. Huawel
instead has resisted taking alicense to PanOptis' s valuable intellectual property.

36. Huawei has been operating and continues to operate without a license to
PanOptis's LTE essential patents. Given Huawei’s unwillingness to engage in meaningful
licensing discussions, to license PanOptis's LTE essentia patents, or to cease infringing
PanOptis's patents, PanOptis has filed this lawsuit for the purpose of protecting its patent rights
in the United States.

GENERAL ALLEGATIONS

37.  Theinfringing Huawei devices include, but are not limited to, those devices that
are compatible with the 3GPP Long Term Evolution (“LTE”) Standard and/or that can decode
picture and audio data. This list includes, but is not limited to, the Huawel Nexus 6P, Huawei
Mate 9, Huawei Mate 8, Huawel P8 Lite, Huawei SnapTo, Huawei Ascend Mate 2, Ascend
Mate7, Huawei Ascend P7, Huawei Mate S, Huawei P8, Huawel P9, Huawei Ascend G7,
Huawei GX8, Huawei G7 Plus, Honor 5X, Honor 6, Honor 7, Honor 8, Huawei Union, Huawei
Vitria, Huawel Vision 3 LTE, Huawei MediaPad T1 8.0, Huawei MediaPad T1 8.0 Pro, and
Huawel MediaPad M3 (collectively, “the Huawei Accused Products’).

38. Huawel has and continues to directly and indirectly infringe each of the Patents-
in-Suit by engaging in acts constituting infringement under 35 U.S.C. § 271(a), (b), and/or (c),
including, but not necessarily limited to, one or more of making, using, selling, and offering to
sall, in this District and elsewhere in the United States, and importing into the United States, the
Huawei Accused Products.

39. Huawel and/or its authorized retailers operate stores throughout the United States,
including stores in this District, such as the Best Buy storesin Longview and Tyler, Texas. Upon

information and belief, Huawei and/or its authorized retailers sall and offer to sall the Huawel
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Accused Products, including those that are configured to connect and operate on an LTE network
and those that can decode picture and audio data. Furthermore, upon information and belief,
Huawel uses the Huawei Accused Products within the United States, including in support of its
promotions and advertisements that highlight the LTE network and picture and audio decoding
capabilities of the Huawel Accused Products. See, eg.,

http://www.youtube.com/user/huawei devi ceusa/videos; see also

http://www.youtube.com/watch?v=eoKRN-2Tb_U (showing the Huawei MediaPad T1 playing a

streaming video).

40. Huawei takes specific steps to actively induce others, including its customers, to
infringe the Patents-in-Suit with the Huawei Accused Products. Huawei actively induces the
direct infringement of one or more clams of the Patents-in-Suit by others by promoting,
instructing, offering, and encouraging others to use the Huawei Accused Products in an
infringing manner. As an example and without limitation, Huawei actively promotes the use of
its products LTE functionality, including for example and without limitation, by way of
authorized resellers, customer service and sales representatives, and/or its internet sales websites.
Such active promotion includes advertising that the Huawei Accused Products possess full 4G
LTE network capabilities and can decode picture and audio data See, eg.,

http://www.gethuawel .com/huawei-snapto;  http://www.youtube.com/watch?v=eoKRN-2Th U

(showing the Huawei MediaPad T1 playing a streaming video). Given that Huawei was given
notice of the Patents-in-Suit on July 18, 2014, Huawei knows or should know that such sales and
promotions actively induce others to directly infringe one or more claims of the Patents-in-Suit,
including, for example, by prompting them to use the Huawei Accused Products in an infringing

manner. Huawel has performed and continues to perform these affirmative acts with knowledge
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of the Patents-in-Suit and with the intent, or willful blindness, that the induced acts directly
infringe the patents.

41.  As another example, on information and belief, Huawei provides and/or
authorizes the providing of instruction manuals, product manuals, specifications, and other
materials for customers and other users of the Huawel Accused Products that demonstrate how to
make use of the Huawei Accused Products in an infringing manner. For instance, Huawei’s
instruction materials demonstrate to its customers how to connect to and operate the Huawel
Accused Products on LTE networks. And, on information and belief, Huawei knows or should
know that such instruction actively induces others to directly infringe one or more clams of the
Patents-in-Suit.

42.  Additionally, Huawei and/or its authorized retailers operate stores throughout the
United States, including stores in this District that, upon information and belief, sell, promote,
and instruct the use of the Huawei Accused Products by, for example, selling and/or offering for
sale the Huawel Accused Products configured to connect to and operate on LTE networks. For
example, Huawei and/or its authorized resellers offer the Huawei Accused Products for sale in

the United States. See, e.g., http://www.bestbuy.com/site/huawei-honor-8-4g-Ite-with-32gb-

memory-cell-phone-unl ocked-sapphire-blue/5514802.p7 d=bb4796300& skuid=5514802

(showing Huawei Honor 8 4G LTE phones available at Best Buy’s Longview, Texas location as
of February 9, 2017 at 11:00 am.).

43. Furthermore, Huawei makes, uses, sells, offers for sale, and/or imports into the
United States products that contribute to the infringement of one or more claims of the Patents-
in-Suit when used by customers and others for their benefit. For example, Huawei and/or its

authorized retailers sell Huawei Accused Products specifically to make use of the devices' LTE
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and/or picture and audio decoding capabilities. Additionaly, the Huawel Accused Products are
specifically configured by Huawel and/or its authorized retailers to facilitate the use of the
devices LTE and/or picture and audio decoding capabilities. Further, on information and belief,
the Huawei Accused Products and components, once configured, have no substantial uses other
than to operate in an infringing manner (e.g., to practice the LTE standard). On information and
belief, Huawei knows that the Huawel Accused Products and/or components included therein are
specially made or specially adapted for infringement of the Patents-in-Suit, and are not staple
articles or commodities of commerce suitable for substantial non-infringing use.

44, Huawei’'s acts of infringement have caused damage to PanOptis. PanOptis is
entitled to recover from Huawei the past damages sustained by PanOptis as a result of Huawei’s
wrongful acts in an amount subject to proof at trial. PanOptis is also entitled to recover from
Huawei a compulsory future royaty payable on each infringing product sold by Huawel
following trial or that is not captured in the damages awarded to PanOptis.

HUAWEI'SINFRINGEMENT

45, In the interest of providing detailed averments of infringement, PanOptis has
identified below at least one exemplary claim per patent to demonstrate infringement by one
exemplary product. However, the selection of claims and products should not be considered
limiting, and additional infringing Huawei products and infringed claims of the PanOptis
Patents-in-Suit will be disclosed in compliance with the Court’s rules related to infringement
contentions.

A. Huawel Makes, Imports, Uses, Sells, and/or Offers for Sale Products and
Servicesthat Infringe the’ 238 Patent.

46. Huawei’ s products at issue include at |east the Huawei Nexus 6P, Huawei Mate 9,

Huawei Mate 8, Huawei P8 Lite, Huawei SnapTo, Huawei Ascend Mate 2, Ascend Mate 7,
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Huawei Ascend P7, Huawei Mate S, Huawei P8, Huawei P9, Huawei Ascend G7, Huawei GX8,
Huawei G7 Plus, Honor 5X, Honor 6, Honor 7, Honor 8, Huawei Union, Huawel Vitria, Huawel
Vision 3 LTE, Huawei MediaPad T1 8.0, Huawei MediaPad T1 8.0 Pro, and Huawei MediaPad
M3 (collectively, “the’ 238 Accused Products’).

47.  The’238 Accused Products infringe the ' 238 patent. For example, the Nexus 6P
infringes claim 1 of the ' 238 patent.

48. The '238 Accused Products comprise a receiving apparatus which receives
multiplexed data which is obtained by multiplexing coded audio data and coded picture data. For
example, the '238 Accused Products are capable of recelving media streams or files, eg.,
ISO/IEC 14496-15 AVC file format, IS/IEC 14496-12 I1SO Base Media File Format, MPEG-4
file format, and/or MPEG-4 streams containing audio and video.

49.  The’'238 Accused Products comprise a demultiplexing unit configured to separate
the multiplexed data into the coded audio data and the coded picture data. The '238 Accused
Products, by virtue of their ability to decode video and audio from an MPEG-4 stream satisfy
this limitation.

50. The '238 Accused Products comprise an audio processing unit configured to
decode the separated coded audio data. For example, the Nexus 6P is capable of decoding coded

audio, such as MP3 and AAC. See, eg., http://consumer.huawel.com/en/mobile-

phones/nexus6p/specifications.htm.

51. The '238 Accused Products comprise a picture decoding unit configured to
decode the separated coded picture data, wherein said picture decoding unit includes a block
decoding unit configured to decode coded block data included in the coded picture data, the

coded block data being obtained by dividing a picture signal into plural blocks, generating a
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residual block image from a block image of the respective blocks and a predictive block image
obtained by intra-picture prediction or inter-picture prediction, and coding, on a block basis,
coefficients obtained by performing orthogonal transformation and quantization on the residual
block image. See, eg., ITU-T Rec. H.264. Further evidence that the 238 Accused Products
satisfy this claim element is outlined below.

52. The ’'238 Accused Products comprise a coefficient number decoding unit
configured to decode the coded block data to obtain the number of non-zero coefficients which
are coefficients included in a current block to be decoded and having a value other than “0.” For
example, the 238 Accused Products comprise an H.264/AVC decoder capable of decoding
Baseline, Main or High Profile bitstreams according to ITU-T Rec. H.264 section A.2. This
functionality is described in the H.264 Standard, including, but not limited to, § 9.2.1.

53.  The '238 Accused Products comprise a unit configured to obtain coefficients
corresponding to a residual block image of the current block by decoding the coded block data.
For example, the 238 Accused Products comprise an H.264/AV C decoder capable of decoding
Baseline, Main or High Profile bitstreams. This functionality is described in the H.264 Standard,
including, but not limited to, 8§ 9.2, describing a process that decodes a block of data and
produces the transform coefficient levels of aresidual block.

54.  The '238 Accused Products comprise a unit configured to obtain the residual
block image of the current block by performing inverse quantization and inverse orthogonal
transformation on the coefficients corresponding to the residual block image of the current block.
For example, as explained above, the ' 238 Accused Products comprise an H.264/AV C decoder.
This functionality is described in the H.264 Standard, including, but not limited to, § 8.5.11,

which describes taking an input block of coefficients corresponding to a block of coefficients
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(array c) performing an inverse quantization and inverse orthogonal transformation, and
producing aresidual block array (array r). See, e.g., H.264 Standard at § 8.5.11.

55. The’238 Accused Products comprise a reproducing unit configured to reproduce
a block image of the current block, from the obtained residual block image and a predictive
block image obtained by intra-picture prediction or inter-picture prediction. For example, as
explained above, the 238 Accused Products comprise an H.264/AVC decoder. This
functionality is described in the H.264 Standard, including, but not limited to, § 8.5.1, which
describes the reconstruction of decoded block u from predicted block predL and residual block r.
See, eg., H.264 Standard at § 8.5.1.

56. The '238 Accused Products comprise a coefficient number decoding unit, as
described above, which includes a determining unit configured to determine a predictive value
for the number of non-zero coefficients included in the current block based on the number of
non-zero coefficients included in a decoded block located on a periphery of the current block.
This functionality is described in the H.264 Standard, including, but not limited to, 8§ 9.2.1,
which describes the determining of predictive value nC, which is derived based on nA (number
of non-zero coefficients in a left-hand adjacent block) and nB (number of non-zero coefficients
in an upper adjacent block). See, e.q., H.264 Standard at § 9.2.1.

57. The '238 Accused Products comprise a coefficient number decoding unit, as
described above, which includes a selecting unit configured to select a variable length code table
based on the determined predictive value. The '238 Accused Products comprise an H.264/AVC
decoder which practices this functionality. The functionality is described in the H.264 Standard,
including, but not limited to, Table 9-5, in which the selection of a particular column (i.e., a

particular variable length code table) depends on the predictive value nC. See, eg., H.264
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Standard at §9.2.1.

58.  The '238 Accused Products comprise a coefficient number decoding unit, as
described above, which includes a variable length decoding unit configured to perform variable
length decoding on a coded stream which is generated by coding the number of the non-zero
coefficients included in the current block, by using the selected variable length code table. The
'238 Accused Products comprise an H.264/AV C decoder which practices this functionality. This
functionality is described in the H.264 Standard, including, but not limited to, § 9.2.1, which
describes the variable length decoding of Tota Coeff, the number of non-zero coefficient in a
block.

59.  Thus, as described above, the '238 Accused Products, including the Nexus 6P,
infringe one or more claims of the ’ 238 patent, including claim 1.

60. The’ 238 Accused Products are pre-configured and sold by Huawel to infringe the
'238 patent. Huawei provides instruction manuals that instruct the users of the '238 Accused
Products to use the’ 238 Accused Products in a manner that infringes the ' 238 patent.

B. Huawel Makes, Imports, Uses, Sells, and/or Offers for Sale Products and
Servicesthat Infringethe’216 Patent.

61. On information and belief, Huawei makes, uses, sdlls, and offers to sell, in the
United States, and imports into the United States, LTE compliant devices, such as mobiles and
tablets, including, but not limited to, the Huawel Nexus 6P, Huawei Mate 9, Huawei Mate 8,
Huawei P8 Lite, Huawei SnapTo, Huawel Ascend Mate 2, Huawel Ascend Mate 7, Huawel
Ascend P7, Huawel Mate S, Huawel P8, Huawei P9, Huawei Ascend G7, Huawel GX8, Huawei
G7 Plus, Honor 5X, Honor 6, Honor 7, Honor 8, Huawei Union, Huawei Vitria, Huawel Vision 3
LTE, Huawei MediaPad T1 8.0 Pro, and Huawel MediaPad M3 (hereinafter, “LTE Accused

Products”).
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62. The LTE Accused Products infringe one or more claims of the’ 216 patent.

63. The’216 patent is essential to the LTE Standard. Thus, for example and as shown
below, the LTE Accused Products infringe clam 1 of the '216 patent by virtue of ther
compatibility with and practice of the LTE Standard, as demonstrated by the 3GPP LTE
Standard Specifications.

64. The 3GPP LTE Specifications cover transmitters for transmitting a digital data
block to areceiver. For example, the LTE Specifications cover the use of mobile stationsin LTE
connectivity and communication. See, e.g., 3GPP TS 36.201.

65. The 3GPP LTE Specifications require that LTE compliant devices include a
coding circuit for coding the digital data block and generating a mother code word. See, e.g.,
3GPP TS 36.212, 3GPP TS 36.213.

66. The 3GPP LTE Specifications require that LTE compliant devices include a
reordering circuit for reordering the mother code word and generating a reordered mother code
word, wherein the reordered mother code word is generated based on an ordering vector, the
ordering vector defining an order in which bits forming the reordered mother code word are to be
modulated and forwarded to areceiver. See, e.g., 3GPP TS 36.212.

67. The 3GPP LTE Specifications require that LTE compliant devices include a
modulating circuit for modulating at least one subsequence and for forwarding, to the receiver,
the at least one modulated subsequence, each of the at least one modulated subsequence having a
desired number of bits taken from the reordered mother code word to fill the available bandwidth
of at least one available gross rate channel. See, e.g., 3GPP TS 36.211, 3GPP TS 36.212, 3GPP
TS36.213.

68.  Thus, as described above, the LTE Accused Products infringe one or more claims

16
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of the’ 216 patent, including claim 1.

69. The LTE Accused Products are pre-configured and sold by Huawel to infringe the
'216 patent. Huawel advertises the ability of the LTE Accused Products to infringe the '216
patent, at least by advertising that the LTE Accused Products are compatible with the LTE
Standard. Huawei provides instruction manuals that instruct the users of the LTE Accused
Products to use the LTE Accused Products in a manner that infringes the ' 216 patent.

C. Huawei Makes, Imports, Uses, Sells, and/or Offers for Sale Products and
Servicesthat Infringe the’851 Patent.

70.  TheLTE Accused Products infringe one or more claims of the’851 patent.

71.  The’851 patent is essential to the LTE Standard. Thus, for example and as shown
below, the LTE Accused Products infringe clam 1 of the '851 patent by virtue of ther
compatibility with and practice of the LTE Standard, as demonstrated by the 3GPP LTE
Standard Specifications.

72. The 3GPP LTE Specifications cover radio communication apparatuses. For
example, the LTE Specifications cover the use of mobile stations in LTE connectivity and
communication. See, e.g., 3GPP TS 36.201.

73. The 3GPP LTE Specifications require that LTE compliant devices include a
receiving unit configured to receive first data and second data, which are transmitted from a
plurality of antennas for spatial-multiplexing using a plurality of blocks, into which a plurality of
consecutive subcarriers in a frequency domain are divided. See, e.g., 3GPP TS 36.211, 3GPP TS
36.213.

74.  The 3GPP LTE Specifications require that LTE compliant devices include a
calculating unit configured to calculate a first absolute channel quality indicator (CQI) vaue per

each of the blocks for the first data and a second absolute CQI value per each of the blocks for
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the second data, and calculate arelative CQI vaue of the second absolute CQI value with respect
to the first absolute CQI value, per each of the blocks, from the first absolute CQI value and the
second absolute CQI value in the same block. See, e.g., 3GPP TS 36.211, 3GPP TS 36.213.

75. The 3GPP LTE Specifications require that LTE compliant devices include a
transmitting unit configured to transmit the first absolute CQI value and the relative CQI value of
the second absolute CQI value in the same block. See, e.g., 3GPP TS 36.211, 3GPP TS 36.213.

76. The 3GPP LTE Specifications require that LTE compliant devices include a
transmitting unit configured to transmit the first absolute CQI value and the relative CQI value of
the second absolute CQI value in the same block; wherein the relative CQI value of the second
absolute CQI value in the first block of the plurality of blocks for the second data is calculated
with respect to the first absolute CQI valuein the first block of the plurality of blocks for the first
data, and the relative CQI value of the second absolute CQI value in the second block of the
plurality of blocks for the second datais calculated with respect to the first absolute CQI valuein
the second block of the plurality of blocks for the first data. See, e.g., 3GPP TS 36.211, 3GPP TS
36.213.

77. Thus, as described above, the LTE Accused Products infringe one or more claims
of the’851 patent, including claim 1.

78.  The LTE Accused Products are pre-configured and sold by Huawel to infringe the
'851 patent. Huawel advertises the ability of the LTE Accused Products to infringe the '851
patent, at least by advertising that the LTE Accused Products are compatible with the LTE
Standard. Huawei provides instruction manuals that instruct the users of the LTE Accused

Products to use the LTE Accused Products in a manner that infringes the ' 851 patent.
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D. Huawel Makes, Imports, Uses, Sells, and/or Offers for Sale Products and
Servicesthat Infringe the’ 284 Patent.

79. The LTE Accused Products infringe one or more claims of the ' 284 patent.

80. The’284 patent is essential to the LTE Standard. Thus, for example and as shown
below, the LTE Accused Products infringe claim 1 of the '284 patent by virtue of their
compatibility with and practice of the LTE Standard, as demonstrated by the 3GPP LTE
Standard Specifications.

8l. The 3GPP LTE Specifications cover radio communication apparatuses. For
example, the LTE Specifications cover the use of mobile stations in LTE connectivity and
communication. See, e.g., 3GPP TS 36.201.

82. The 3GPP LTE Specifications require that LTE compliant devices include a
receiver unit for recelving a sub-frame of physical radio resources comprising a control channel
signal destined to the mobile terminal. See, e.g., 3GPP TS 36.213.

83. The 3GPP LTE Specifications require that LTE compliant devices include a
processing unit for determining based on the received control channel signal a transport format
of and aredundancy version for an initial transmission or a retransmission of a protocol data unit
conveying user data. See, e.g., 3GPP TS 36.213; 3GPP TS 36.212.

84. The 3GPP LTE Specifications require that LTE compliant devices include a
transmitter unit for transmitting the protocol data unit on at least one physical radio resource
using the transport format and the redundancy version of the protocol data unit indicated in the
received control channel signal. See, e.g., 3GPP TS 36.213; 3GPP TS 36.212.

85. The 3GPP LTE Specifications require that LTE compliant devices include a
transmitter unit for transmitting the protocol data unit on at least one physical radio resource

using the transport format and the redundancy version of the protocol data unit indicated in the
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received control channel signal; wherein the control channel signal received within said sub-
frame comprises a control information field, in which the transport format and the redundancy
version of the protocol data unit are jointly encoded. See, e.g., 3GPP TS 36.213; 3GPP TS
36.212.

86. The 3GPP LTE Specifications require that LTE compliant devices include a
processing unit further configured for the determination of the control information field, which
consists of a number of bits representing a range of values that can be represented in the control
information field. See, e.g., 3GPP TS 36.213.

87. The 3GPP LTE Specifications require that LTE compliant devices include a
processing unit further configured for the determination of the control information field, which
consists of a number of bits representing a range of values that can be represented in the control
information field, wherein a first subset of the values is reserved for indicating the transport
format of the protocol data unit and a second subset of the values, different from the first subset
of the values, is reserved for indicating the redundancy version for transmitting the user data.
See, eg., 3GPP TS 36.213.

88. The 3GPP LTE Specifications require that LTE compliant devices include a
processing unit further configured for the determination of the control information field, which
consists of a number of bits representing a range of values that can be represented in the control
information field, wherein a first subset of the values is reserved for indicating the transport
format of the protocol data unit and a second subset of the values, different from the first subset
of the values, is reserved for indicating the redundancy version for transmitting the user data,
wherein the first subset of the values contains more values than the second subset of the values.

See, eg., 3GPP TS 36.213.
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89.  Thus, as described above, the LTE Accused Products infringe one or more claims
of the’284 patent, including claim 1.

90. TheLTE Accused Products are pre-configured and sold by Huawei to infringe the
'284 patent. Huawei advertises the ability of the LTE Accused Products to infringe the '284
patent, at least by advertising that the LTE Accused Products are compatible with the LTE
Standard. Huawei provides instruction manuals that instruct the users of the LTE Accused
Products to use the LTE Accused Products in a manner that infringes the ' 284 patent.

E. Huawel Makes, Imports, Uses, Sells, and/or Offers for Sale Products and
Servicesthat Infringe the’569 Patent.

91. TheLTE Accused Products infringe one or more claims of the 569 patent.

92.  The’'569 patent is essential to the LTE Standard. Thus, for example and as shown
below, the LTE Accused Products infringe clam 11 of the '569 patent by virtue of their
compatibility with and practice of the LTE Standard, as demonstrated by the 3GPP LTE
Standard Specifications.

93. The 3GPP LTE Specifications require that LTE compliant devices include a
reception apparatus. See, e.g., 3GPP TS 36.104.

94. The 3GPP LTE Specifications require that LTE compliant devices include a
receiving section configured to receive encoded first data which is mapped to symbolsin a first
part of adomain comprising atime index and a frequency index, and encoded second data which
is mapped to groups of symbolsin a second part of the domain. See, e.g., 3GPP TS 36.211.

95. The 3GPP LTE Specifications require that LTE compliant devices include a
decoding section configured to decode the encoded first data and the encoded second data. See,
e.g., 3GPP TS 36.213, 3GPP TS 36.211.

96. The 3GPP LTE Specifications require that LTE compliant devices include a
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decoding section configured to decode the encoded first data and the encoded second data,
wherein at least a part of the encoded first data is mapped to at least a part of the symbolsin the
first part of the domain in an increasing order according to the frequency index. See, e.g., 3GPP
TS36.213, 3GPP TS 36.211.

97. The 3GPP LTE Specifications require that LTE compliant devices include a
decoding section configured to decode the encoded first data and the encoded second data,
wherein at least a part of the encoded second data is mapped to at least a part of the groups of
symbols in the second part of the domain and each group of the at least a part of the groups of
symbolsis aligned in an increasing order according to the time index. See, e.g., 3GPP TS 36.213,
3GPP TS 36.211.

98. The 3GPP LTE Specifications require that LTE compliant devices include a
decoding section configured to decode the encoded first data and the encoded second data,
wherein at least a part of the encoded first data is mapped to at least a part of the symbolsin the
first part of the domain in an increasing order according to the frequency index; at least a part of
the encoded second data is mapped to at least a part of the groups of symbols in the second part
of the domain and each group of the at least a part of the groups of symbols is aligned in an
increasing order according to the time index; and each symbol within each of the groups of
symbolsis aligned along the frequency index. See, e.g., 3GPP TS 36.213, 3GPP TS 36.211.

99.  Thus, as described above, the LTE Accused Products infringe one or more claims
of the'569 patent, including claim 11.

100. TheLTE Accused Products are pre-configured and sold by Huawel to infringe the
'569 patent. Huawel advertises the ability of the LTE Accused Products to infringe the '569

patent, at least by advertising that the LTE Accused Products are compatible with the LTE
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Standard. Huawei provides instruction manuals that instruct the users of the LTE Accused
Products to use the LTE Accused Products in a manner that infringes the ' 569 patent.

F. Huawei Makes, Imports, Uses, Sells, and/or Offers for Sale Products and
Servicesthat Infringe the’833 Patent.

101. TheLTE Accused Products infringe one or more claims of the ’ 833 patent.

102. The’833 patent is essential to the LTE Standard. Thus, for example and as shown
below, the LTE Accused Products infringe clam 1 of the '833 patent by virtue of ther
compatibility with and practice of the LTE Standard, as demonstrated by the 3GPP LTE
Standard Specifications.

103. The 3GPP LTE Specifications require that LTE compliant devices be configured
to perform a method for transmitting uplink signals comprising control signals and data signals
in awireless communication system. See, e.g., 3GPP TS 36.212.

104. The 3GPP LTE Specifications require that LTE compliant devices be configured
to perform the step of serially multiplexing first control signals and data signals in a mobile
station, wherein the first control signals are placed at a front part of the multiplexed signals and
the data signals are placed at arear part of the multiplexed signals. See, e.g., 3GPP TS 36.212.

105. The 3GPP LTE Specifications require that LTE compliant devices be configured
to perform the step of mapping the multiplexed signals to a 2-dimensional resource matrix
comprising a plurality of columns and a plurality of rows, wherein the columns and the rows of
the 2-dimensional resource matrix correspond to single carrier frequency divisiona multiple
access (SC-FDMA) symbols and subcarriers for each SC-FDMA symbol, respectively, wherein a
number of columns of the 2-dimensional resource matrix corresponds to a number of SC-FDMA
symbols within one subframe except specific SC-FDMA symbols used for a reference signal,

and wherein the multiplexed signals are mapped from the first column of the first row to the last
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column of the first row, the first column of the second row to the last column of the second row,
and so on, until al the multiplexed signals are mapped to the 2-dimensional resource matrix. See,
e.g., 3GPP TS 36.212, 3GPP TS 36.211.

106. The 3GPP LTE Specifications require that LTE compliant devices be configured
to perform the step of mapping ACK/NACK control signals to specific columns of the 2-
dimensional resource matrix, wherein the specific columns correspond to SC-FDMA symbols
right adjacent to the specific SC-FDMA symbols, wherein the ACK/NACK control signals
overwrite some of the multiplexed signals mapped to the 2-dimensional resource matrix from the
last row of the specific columns. See, e.g., 3GPP TS 36.212, 3GPP TS 36.211.

107. The 3GPP LTE Specifications require that LTE compliant devices be configured
to perform the step of transmitting the signals mapped to the 2-dimensional resource matrix by
column by column to a base station. See, e.g., 3GPP TS 36.211.

108. Thus, as described above, the LTE Accused Products infringe one or more claims
of the’833 patent, including claim 1.

109. TheLTE Accused Products are pre-configured and sold by Huawel to infringe the
'833 patent. Huawel advertises the ability of the LTE Accused Products to infringe the '833
patent, at least by advertising that the LTE Accused Products are compatible with the LTE
Standard. Huawei provides instruction manuals that instruct the users of the LTE Accused
Products to use the LTE Accused Products in a manner that infringes the ' 833 patent.

G. Huawei Makes, Imports, Uses, Sells, and/or Offers for Sale Products and
Servicesthat Infringe the’ 293 Patent.

110. The LTE Accused Products infringe one or more claims of the ’ 293 patent.
111. The’ 293 patent is essential to the LTE Standard. Thus, for example and as shown

below, the LTE Accused Products infringe claim 1 of the '293 patent by virtue of their
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compatibility with and practice of the LTE Standard, as demonstrated by the 3GPP LTE
Standard Specifications.

112. The 3GPP LTE Specifications require that LTE compliant devices be configured
to perform a method for transmitting scheduling requests from a mobile terminal to a base
station. See, e.g., 3GPP TS 36.321.

113. The 3GPP LTE Specifications require that LTE compliant devices be configured
to perform the step of transmitting afirst scheduling request from the mobile terminal to the base
station in response to first data becoming available for transmission from the mobile termina to
the base station. See, e.g., 3GPP TS 36.321.

114. The 3GPP LTE Specifications require that LTE compliant devices be configured
to perform the step of, after transmitting the first scheduling request, receiving at the mobile
terminal a scheduling grant transmitted from the base station. See, e.g., 3GPP TS 36.321.

115. The 3GPP LTE Specifications require that LTE compliant devices be configured
to perform the step of, in response to receiving the scheduling grant, transmitting from the
mobile terminal to the base station transmit buffer status information. See, e.g., 3GPP TS 36.321.

116. The 3GPP LTE Specifications require that LTE compliant devices be configured
to. while at least some of the first data is waiting to be transmitted to the base station and after
transmitting the buffer status information, but prior to transmitting any subsequent scheduling
requests to the base station, perform the steps of (1) determining whether a scheduling request
triggering event has occurred, and (2) if a triggering event has occurred, then, in response to
determining that the triggering event has occurred, at a next opportunity, transmitting a second
scheduling requests to the base station. See, e.g., 3GPP TS 36.321.

117. Thus, as described above, the LTE Accused Products infringe one or more claims
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of the’293 patent, including claim 1.

118. The LTE Accused Products are pre-configured and sold by Huawel to infringe the
'293 patent. Huawel advertises the ability of the LTE Accused Products to infringe the '293
patent, at least by advertising that the LTE Accused Products are compatible with the LTE
Standard. Huawei provides instruction manuals that instruct the users of the LTE Accused
Products to use the LTE Accused Products in a manner that infringes the ' 293 patent.

COUNT I: PATENT INFRINGEMENT OF THE 238 PATENT

119. PanOptis incorporates by reference the preceding paragraphs as though fully set
forth herein.

120. The ’238 patent, originally assigned to Panasonic and subsequently assigned to
PanOptis, is not, and has not been declared, a standards-essential patent.

121. Huawei infringes the '238 patent by making, using, selling, offering for sale,
and/or importing into the United States products and/or methods covered by one or more claims
of the '238 patent. For example, the Nexus 6P, one of the '238 Accused Products, infringes at
least claim 1 of the’ 238 patent. The accused devices that infringe one or more claims of the 238
patent include, but are not limited to, at least the 238 Accused Products.

122. The 238 Accused Products directly infringe one or more claims of the '238
Patent. Huawei makes, uses, sells, offers for sale, and/or imports, in this District and elsewhere
in the United States these devices and thus directly infringes the 238 patent.

123. Huawei has knowledge of the '238 patent. Huawei has received actual notice of
the ' 238 Patent at least as early as July 18, 2014, and again as of the date this lawsuit was filed
and/or the date(s) the Original Complaint was served upon Huawei and/or a courtesy copy was
provided.

124. Huawei indirectly infringes the ' 238 Patent, as provided in 35 U.S.C. § 271(b), by
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inducing infringement by others, such as Huawei’ s customers and end-users, in this District and
elsewhere in the United States. For example, Huawel’ s customers and end-users directly infringe
through their use of the inventions claimed in the 238 patent. Huawel induces this direct
infringement through its affirmative acts of manufacturing, selling, distributing, and/or otherwise
making available the '238 Accused Products, and providing instructions, documentation, and
other information to customers and end-users suggesting that they use the ' 238 A ccused Products
in an infringing manner, including in-store technical support, online technical support,
marketing, product manuals, advertisements, online documentation, developer information, and
API documentation. As aresult of Huawei’ s inducement, Huawei’ s customers and end-users use
the 238 Accused Products in the way Huawe intends and directly infringe the *238 patent.
Huawei has performed and continues to perform these affirmative acts with knowledge of the
'238 patent and with the intent, or willful blindness, that the induced acts directly infringe the
' 238 patent.

125. Huawei dso indirectly infringes the ’'238 patent, as provided by
35U.S.C. §271(c), by contributing to direct infringement committed by others, such as
customers and end-users, in this District and elsewhere in the United States. Huawei’s
affirmative acts of selling and offering to sell, in this District and elsewhere in the United States,
the 238 Accused Products and causing the '238 Accused Products to be manufactured, used,
sold, and offered for sale contribute to Huawei’s customers and end-users use of the '238
Accused Products, such that the '238 patent is directly infringed. The accused components
within the ' 238 Accused Products are material to the invention of the ' 238 patent, are not staple
articles or commodities of commerce, have no substantial non-infringing uses, and are known by

Huawei to be especially made or especially adapted for use in infringement of the '238 patent.
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Huawei has performed and continues to perform these affirmative acts with knowledge of the
'238 patent and with intent, or willful blindness, that they cause the direct infringement of the
' 238 patent.

126. Huawei’sinfringement of the’ 238 patent has been and continues to be willful.

127. Huawei’s infringement of the '238 patent has damaged and will continue to
damage PanOptis.

COUNT I1: PATENT INFRINGEMENT OF THE '216 PATENT

128. PanOptis incorporates by reference the preceding paragraphs as though fully set
forth herein.

129. Huawei infringes the 216 patent by making, using, selling, offering for sale,
and/or importing into the United States products and/or methods covered by one or more claims
of the ' 216 patent. For example, the LTE Accused Products infringe at least claim 1 of the ' 216
patent. The accused devices that infringe one or more claims of the ' 216 patent include, but are
not limited to, at least the LTE Accused Products.

130. The LTE Accused Products directly infringe one or more claims of the '216
patent. Huawei makes, uses, sells, offers for sale, and/or imports, in this District and elsewherein
the United States these devices and thus directly infringes the’ 216 patent.

131. Huawei has knowledge of the '216 patent. Huawei has received actual notice of
the ' 216 patent at least as early as July 18, 2014, and again as of the date this lawsuit was filed
and/or the date(s) the Original Complaint was served upon Huawei and/or a courtesy copy was
provided.

132. Huawei indirectly infringes the ' 216 patent, as provided in 35 U.S.C. § 271(b), by
inducing infringement by others, such as Huawei’ s customers and end-users, in this District and

elsewhere in the United States. For example, Huawei’ s customers and end-users directly infringe
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through their use of the inventions clamed in the '216 patent. Huawel induces this direct
infringement through its affirmative acts of manufacturing, selling, distributing, and/or otherwise
making available the LTE Accused Products, and providing instructions, documentation, and
other information to customers and end-users suggesting they use the LTE Accused Productsin
an infringing manner, including in-store technical support, online technical support, marketing,
product manuals, advertisements, online documentation, developer information, and API
documentation. As a result of Huawei’s inducement, Huawei’ s customers and end-users use the
LTE Accused Products in the way Huawel intends and directly infringe the ' 216 patent. Huawei
has performed and continues to perform these affirmative acts with knowledge of the ' 216 patent
and with the intent, or willful blindness, that the induced acts directly infringe the ’ 216 patent.
133. Huawei dso indirectly infringes the ’'216 patent, as provided by
35U.S.C. §271(c), by contributing to direct infringement committed by others, such as
customers and end-users, in this District and elsewhere in the United States. Huawei's
affirmative acts of selling and offering to sell, in this District and elsewhere in the United States,
the LTE Accused Products and causing the LTE Accused Products to be manufactured, used,
sold, and offered for sale contribute to Huawei’s customers and end-users use of the LTE
Accused Products, such that the '216 patent is directly infringed. The accused components
within the LTE Accused Products are material to the invention of the ' 216 patent, are not staple
articles or commodities of commerce, have no substantial non-infringing uses, and are known by
Huawei to be especially made or especially adapted for use in infringement of the '216 patent.
Huawei has performed and continues to perform these affirmative acts with knowledge of the
'216 patent and with intent, or willful blindness, that they cause the direct infringement of the

'216 patent.
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134. Huawei’sinfringement of the’216 patent has been and continues to be willful.

135. Huawei’'s infringement of the '216 patent has damaged and will continue to
damage PanOptis.

COUNT I11: PATENT INFRINGEMENT OF THE 851 PATENT

136. PanOptis incorporates by reference the preceding paragraphs as though fully set
forth herein.

137. Huawei infringes the 851 patent by making, using, selling, offering for sale,
and/or importing into the United States products and/or methods covered by one or more claims
of the '851 patent. For example, the LTE Accused Products infringe at least claim 1 of the '851
patent. The accused devices that infringe one or more claims of the '851 patent include, but are
not limited to, at least the LTE Accused Products.

138. The LTE Accused Products directly infringe one or more claims of the '851
patent. Huawei makes, uses, sells, offers for sale, and/or imports, in this District and elsewherein
the United States these devices and thus directly infringes the’ 851 patent.

139. Huawei has knowledge of the '851 patent. Huawei has received actual notice of
the '851 patent at least as early as July 18, 2014, and again as of the date this lawsuit was filed
and/or the date(s) the Original Complaint was served upon Huawei and/or a courtesy copy was
provided.

140. Huawei indirectly infringes the ' 851 patent, as provided in 35 U.S.C. § 271(b), by
inducing infringement by others, such as Huawei’ s customers and end-users, in this District and
elsewhere in the United States. For example, Huawei’ s customers and end-users directly infringe
through their use of the inventions claimed in the '851 patent. Huawei induces this direct
infringement through its affirmative acts of manufacturing, selling, distributing, and/or otherwise

making available the LTE Accused Products, and providing instructions, documentation, and
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other information to customers and end-users suggesting they use the LTE Accused Productsin
an infringing manner, including in-store technical support, online technical support, marketing,
product manuals, advertisements, online documentation, developer information, and API
documentation. As a result of Huawei’s inducement, Huawei’ s customers and end-users use the
LTE Accused Products in the way Huawel intends and directly infringe the ' 851 patent. Huawei
has performed and continues to perform these affirmative acts with knowledge of the ' 851 patent
and with the intent, or willful blindness, that the induced acts directly infringe the ’ 851 patent.

141. Huawei aso indirectly infringes the '851 patent, as provided by
35U.S.C. §271(c), by contributing to direct infringement committed by others, such as
customers and end-users, in this District and elsewhere in the United States. Huawei's
affirmative acts of selling and offering to sell, in this District and elsewhere in the United States,
the LTE Accused Products and causing the LTE Accused Products to be manufactured, used,
sold, and offered for sale contribute to Huawei’s customers and end-users use of the LTE
Accused Products, such that the '851 patent is directly infringed. The accused components
within the LTE Accused Products are material to the invention of the '851 patent, are not staple
articles or commodities of commerce, have no substantial non-infringing uses, and are known by
Huawei to be especially made or especially adapted for use in infringement of the 851 patent.
Huawei has performed and continues to perform these affirmative acts with knowledge of the
851 patent and with intent, or willful blindness, that they cause the direct infringement of the
'851 patent.

142. Huawei’ sinfringement of the ' 851 patent has been and continues to be willful.

143. Huawei’s infringement of the '851 patent has damaged and will continue to

damage PanOptis.
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COUNT IV: PATENT INFRINGEMENT OF THE '284 PATENT

144. PanOptis incorporates by reference the preceding paragraphs as though fully set
forth herein.

145. Huawei infringes the 284 patent by making, using, selling, offering for sale,
and/or importing into the United States products and/or methods covered by one or more claims
of the ' 284 patent. For example, the LTE Accused Products infringe at least claim 1 of the '284
patent. The accused devices that infringe one or more claims of the ' 284 patent include, but are
not limited to, at least the LTE Accused Products.

146. The LTE Accused Products directly infringe one or more claims of the '284
patent. Huawei makes, uses, sells, offers for sale, and/or imports, in this District and elsewherein
the United States these devices and thus directly infringes the ' 284 patent.

147. Huawei has knowledge of the '284 patent. Huawei has received actual notice of
the ' 284 patent at least as early as July 18, 2014, and again as of the date this lawsuit was filed
and/or the date(s) the Original Complaint was served upon Huawei and/or a courtesy copy was
provided.

148. Huawei indirectly infringes the ' 284 patent, as provided in 35 U.S.C. § 271(b), by
inducing infringement by others, such as Huawei’ s customers and end-users, in this District and
elsawhere in the United States. For example, Huawei’ s customers and end-users directly infringe
through their use of the inventions claimed in the 284 patent. Huawei induces this direct
infringement through its affirmative acts of manufacturing, selling, distributing, and/or otherwise
making available the LTE Accused Products, and providing instructions, documentation, and
other information to customers and end-users suggesting they use the LTE Accused Products in
an infringing manner, including in-store technical support, online technical support, marketing,

product manuals, advertisements, online documentation, developer information, and API
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documentation. As a result of Huawei’s inducement, Huawei’ s customers and end-users use the
LTE Accused Products in the way Huawel intends and directly infringe the ' 284 patent. Huawei
has performed and continues to perform these affirmative acts with knowledge of the ' 284 patent
and with the intent, or willful blindness, that the induced acts directly infringe the ’ 284 patent.

149. Huawei dso indirectly infringes the ’'284 patent, as provided by
35U.S.C. §271(c), by contributing to direct infringement committed by others, such as
customers and end-users, in this District and elsewhere in the United States. Huawei's
affirmative acts of selling and offering to sell, in this District and elsewhere in the United States,
the LTE Accused Products and causing the LTE Accused Products to be manufactured, used,
sold, and offered for sale contribute to Huawei’s customers and end-users use of the LTE
Accused Products, such that the '284 patent is directly infringed. The accused components
within the LTE Accused Products are material to the invention of the ' 284 patent, are not staple
articles or commodities of commerce, have no substantial non-infringing uses, and are known by
Huawei to be especially made or especially adapted for use in infringement of the '284 patent.
Huawei has performed and continues to perform these affirmative acts with knowledge of the
'284 patent and with intent, or willful blindness, that they cause the direct infringement of the
' 284 patent.

150. Huawsei’sinfringement of the ' 284 patent has been and continues to be willful.

151. Huawei’s infringement of the '284 patent has damaged and will continue to
damage PanOptis.

COUNT V: PATENT INFRINGEMENT OF THE 569 PATENT

152.  PanOptis incorporates by reference the preceding paragraphs as though fully set
forth herein.

153. Huawei infringes the '569 patent by making, using, selling, offering for sale,
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and/or importing into the United States products and/or methods covered by one or more claims
of the ’569 patent. For example, the LTE Accused Products infringe at least claim 11 of the '569
patent. The accused devices that infringe one or more claims of the '569 patent include, but are
not limited to, at least the LTE Accused Products.

154. The LTE Accused Products directly infringe one or more clams of the '569
patent. Huawei makes, uses, sells, offers for sale, and/or imports, in this District and elsewherein
the United States these devices and thus directly infringes the ' 569 patent.

155. Huawe has knowledge of the '569 patent. Huawei has received actua notice of
the '569 patent at least as early as July 18, 2014, and again as of the date this lawsuit was filed
and/or the date(s) the Original Complaint was served upon Huawel and/or a courtesy copy was
provided.

156. Huawsel indirectly infringes the ' 569 patent, as provided in 35 U.S.C. § 271(b), by
inducing infringement by others, such as Huawei’ s customers and end-users, in this District and
elsewhere in the United States. For example, Huawel’ s customers and end-users directly infringe
through their use of the inventions claimed in the '569 patent. Huawel induces this direct
infringement through its affirmative acts of manufacturing, selling, distributing, and/or otherwise
making available the LTE Accused Products, and providing instructions, documentation, and
other information to customers and end-users suggesting they use the LTE Accused Productsin
an infringing manner, including in-store technical support, online technical support, marketing,
product manuals, advertisements, online documentation, developer information, and API
documentation. As a result of Huawei’s inducement, Huawei’ s customers and end-users use the
LTE Accused Products in the way Huawel intends and directly infringe the '569 patent. Huawei

has performed and continues to perform these affirmative acts with knowledge of the ' 569 patent
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and with the intent, or willful blindness, that the induced acts directly infringe the ’ 569 patent.

157. Huawei dso indirectly infringes the ’'569 patent, as provided by
35U.S.C. §271(c), by contributing to direct infringement committed by others, such as
customers and end-users, in this District and elsewhere in the United States. Huawei's
affirmative acts of selling and offering to sell, in this District and elsewhere in the United States,
the LTE Accused Products and causing the LTE Accused Products to be manufactured, used,
sold, and offered for sale contribute to Huawei’s customers and end-users use of the LTE
Accused Products, such that the '569 patent is directly infringed. The accused components
within the LTE Accused Products are material to the invention of the '569 patent, are not staple
articles or commodities of commerce, have no substantial non-infringing uses, and are known by
Huawei to be especially made or especially adapted for use in infringement of the '569 patent.
Huawei has performed and continues to perform these affirmative acts with knowledge of the
'569 patent and with intent, or willful blindness, that they cause the direct infringement of the
"569 patent.

158. Huawsei’sinfringement of the '569 patent has been and continues to be willful.

159. Huawei’s infringement of the '569 patent has damaged and will continue to
damage PanOptis.

COUNT VI: PATENT INFRINGEMENT OF THE "833 PATENT

160. PanOptis incorporates by reference the preceding paragraphs as though fully set
forth herein.

161. Huawei infringes the 833 patent by making, using, selling, offering for sale,
and/or importing into the United States products and/or methods covered by one or more claims
of the '833 patent. For example, the LTE Accused Products infringe at least claim 1 of the *833

patent. The accused devices that infringe one or more claims of the '833 patent include, but are
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not limited to, at least the LTE Accused Products.

162. The LTE Accused Products directly infringe one or more clams of the 833
patent. Huawei makes, uses, sells, offersfor sale, and/or imports, in this District and elsewherein
the United States these devices and thus directly infringes the ’ 833 patent.

163. Huawe has knowledge of the '833 patent. Huawei has received actua notice of
the 833 patent at least as early as July 18, 2014, and again as of the date this lawsuit was filed
and/or the date(s) the Second Amended Complaint was served upon Huawel and/or a courtesy
copy was provided.

164. Huawsel indirectly infringes the 833 patent, as provided in 35 U.S.C. § 271(b), by
inducing infringement by others, such as Huawei’ s customers and end-users, in this District and
elsewhere in the United States. For example, Huawe!’ s customers and end-users directly infringe
through their use of the inventions claimed in the 833 patent. Huawel induces this direct
infringement through its affirmative acts of manufacturing, selling, distributing, and/or otherwise
making available the LTE Accused Products, and providing instructions, documentation, and
other information to customers and end-users suggesting they use the LTE Accused Productsin
an infringing manner, including in-store technical support, online technical support, marketing,
product manuals, advertisements, online documentation, developer information, and API
documentation. As a result of Huawei’s inducement, Huawei’ s customers and end-users use the
LTE Accused Products in the way Huawel intends and directly infringe the ' 833 patent. Huawei
has performed and continues to perform these affirmative acts with knowledge of the ' 833 patent
and with the intent, or willful blindness, that the induced acts directly infringe the ’ 833 patent.

165. Huawei dso indirectly infringes the ’'833 patent, as provided by

35U.S.C. §271(c), by contributing to direct infringement committed by others, such as
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customers and end-users, in this District and elsewhere in the United States. Huawei's
affirmative acts of selling and offering to sell, in this District and elsewhere in the United States,
the LTE Accused Products and causing the LTE Accused Products to be manufactured, used,
sold, and offered for sale contribute to Huawei’s customers and end-users use of the LTE
Accused Products, such that the '833 patent is directly infringed. The accused components
within the LTE Accused Products are material to the invention of the '833 patent, are not staple
articles or commodities of commerce, have no substantial non-infringing uses, and are known by
Huawei to be especially made or especially adapted for use in infringement of the '833 patent.
Huawei has performed and continues to perform these affirmative acts with knowledge of the
'833 patent and with intent, or willful blindness, that they cause the direct infringement of the
' 833 patent.

166. Huawei’sinfringement of the’833 patent has been and continues to be willful.

167. Huawei’s infringement of the '833 patent has damaged and will continue to
damage PanOptis.

COUNT VII: PATENT INFRINGEMENT OF THE '293 PATENT

168. PanOptis incorporates by reference the preceding paragraphs as though fully set
forth herein.

169. Huawei infringes the 293 patent by making, using, selling, offering for sale,
and/or importing into the United States products and/or methods covered by one or more claims
of the '293 patent. For example, the LTE Accused Products infringe at least claim 1 of the '293
patent. The accused devices that infringe one or more claims of the ' 293 patent include, but are
not limited to, at least the LTE Accused Products.

170. The LTE Accused Products directly infringe one or more claims of the 293

patent. Huawei makes, uses, sells, offers for sale, and/or imports, in this District and elsewherein
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the United States these devices and thus directly infringes the ' 293 patent.

171. Huawei has knowledge of the '293 patent. Huawei has received actual notice of
the 293 patent at least as early as July 18, 2014, and again as of the date this lawsuit was filed
and/or the date(s) the Second Amended Complaint was served upon Huawel and/or a courtesy
copy was provided.

172. Huawsel indirectly infringes the ' 293 patent, as provided in 35 U.S.C. § 271(b), by
inducing infringement by others, such as Huawei’ s customers and end-users, in this District and
elsewhere in the United States. For example, Huawel’ s customers and end-users directly infringe
through their use of the inventions claimed in the '293 patent. Huawel induces this direct
infringement through its affirmative acts of manufacturing, selling, distributing, and/or otherwise
making available the LTE Accused Products, and providing instructions, documentation, and
other information to customers and end-users suggesting they use the LTE Accused Productsin
an infringing manner, including in-store technical support, online technical support, marketing,
product manuals, advertisements, online documentation, developer information, and API
documentation. As a result of Huawei’s inducement, Huawei’ s customers and end-users use the
LTE Accused Products in the way Huawel intends and directly infringe the ' 293 patent. Huawei
has performed and continues to perform these affirmative acts with knowledge of the ' 293 patent
and with the intent, or willful blindness, that the induced acts directly infringe the ’ 293 patent.

173. Huawei dso indirectly infringes the ’'293 patent, as provided by
35U.S.C. §271(c), by contributing to direct infringement committed by others, such as
customers and end-users, in this District and elsewhere in the United States. Huawei's
affirmative acts of selling and offering to sell, in this District and elsewhere in the United States,

the LTE Accused Products and causing the LTE Accused Products to be manufactured, used,
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sold, and offered for sale contribute to Huawei’s customers and end-users use of the LTE
Accused Products, such that the '293 patent is directly infringed. The accused components
within the LTE Accused Products are material to the invention of the ' 293 patent, are not staple
articles or commodities of commerce, have no substantial non-infringing uses, and are known by
Huawei to be especially made or especially adapted for use in infringement of the 293 patent.
Huawei has performed and continues to perform these affirmative acts with knowledge of the
'293 patent and with intent, or willful blindness, that they cause the direct infringement of the
' 293 patent.

174. Huawei’sinfringement of the ' 293 patent has been and continues to be willful.

175. Huawei’s infringement of the '293 patent has damaged and will continue to
damage PanOptis.

COUNT VIII: WILLFUL INFRINGEMENT

176. PanOptis incorporates by reference the preceding paragraphs as though fully set
forth herein.

177. Huawei has willfully infringed and/or does willfully infringe each of the Patents-
in-Suit.

178. Huawei received actual notice of each of the Patents-in-Suit at least as early as
July 18, 2014, by way of correspondence that PanOptis sent to Huawel.

179. After recelving such actual notice of each of the Patents-in-Suit, Huawei
proceeded to make, use, test, sell, and offer to sell in this District and elsewhere in the United
States, and import into this District and elsewhere in the United States, the Huawel Accused
Products.

180. On information and belief, Huawei engaged in such activities despite an

objectively high likelihood that its actions constituted infringement of valid patents.
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Furthermore, Huawei knew or should have known that its actions constituted and/or would cause
the direct infringement of each of the Patents-in-Suit.

COUNT IX: DECLARATORY JUDGMENT

181. PanOptis incorporates by reference the preceding paragraphs as though fully set
forth herein.

182. PanOptis owns patents essential to various standards—including, for example,
LTE—and PPM possesses the full rights to license these patents to Huawei. PanOptis, as
possessing the full rights in patents that are standards essential and remain standards essentid, is
obligated to offer Huawei alicenseto its standards essentia patents on FRAND terms.

183. Huawei makes, has made, sells, leases, disposes of, repairs, uses, and operates
products and uses methods that practice various standards—including, for example, LTE—and
is, therefore, required to obtain alicense under the PanOptis standards essential patents.

184. There is a case or controversy, of sufficient immediacy and redlity to warrant
declaratory judgment as to whether PanOptis has complied with its commitments to offer a
license to its essential patents on FRAND terms. PanOptis has in good faith presented Huawel
with FRAND terms for a worldwide license under PanOptis's entire portfolio of standards
essential patents. Huawei, however, has rebuffed and continues to rebuff PanOptis's good faith
efforts to negotiate a license with Huawel.

185. PanOptis is entitled to a declaratory judgment that it has complied with its
obligations arising from declaring its patents essential to various standards, and any applicable
laws, during their negotiations with Huawei concerning a worldwide license under the PanOptis
standards essential patents.

DAMAGES

186. Under the law, PanOptis is entitled to compensation for Huawei’ s infringement as
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set forth herein. However, the full compensation due cannot be ascertained except through
discovery and specia accounting. To the fullest extent permitted by law, PanOptis seeks
recovery of at least reasonable royalties. PanOptis further seeks any other damages to which
PanOptisis entitled under law or in equity.

187. Pursuant to 35 U.S.C. § 287(a), PanOptis is entitled to pre-suit damages from at
least the date that Huawel was given notice of infringement of the Patents-in-Suit starting on
July 18, 2014.

ATTORNEYS FEES
188. PanOptis is entitled to recover reasonable attorneys’ fees under applicable law,
including 35 U.S.C. § 285 given the exceptional nature of this case.
DEMAND FOR JURY TRIAL
189. PanOptis hereby demands atrial by jury for all claims so triable.
PRAYER FOR RELIEF
WHEREFORE, PanOptis respectfully requests that this Court enter judgment in its favor

as follows:

A. that Huawei infringes the Patents-in-Suit;
that Huawei’ s infringement of the Patents-in-Suit was willful, and that Huawei’s
continued infringement of these patentsis willful;

C. awarding PanOptis damages in an amount adequate to compensate PanOptis for
Huawei’ s infringement of the Patents-in-Suit, but in no event less than a
reasonable royalty under 35 U.S.C. § 284, including supplemental damages for
any continuing post-verdict infringement up until entry of the final judgment;

D. awarding enhanced damages pursuant to 35 U.S.C. § 284;

E. awarding PanOptis pre-judgment and post-judgment interest to the full extent
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allowed under the law, as well asits costs;

F. awarding a compulsory future royalty payable on each infringing product sold by
Huawei following trial or that is not captured in the damages awarded to
PanOptis;

G. entering an order finding that thisis an exceptiona case and awarding PanOptis
its reasonabl e attorneys' fees pursuant to 35 U.S.C. § 285;

H. entering a declaratory judgment that PanOptis has complied with its obligations
arising from its licensing declarationsto ETSI, ETSI’s IPR Policy, and any
applicable laws during its negotiations with Huawel concerning a worldwide
license under the PanOptis standards essential patents,

l. ordering an accounting of damages,

J awarding PanOptisits costs of suit; and

K. awarding such other relief as the Court may deem appropriate and just under the

circumstances.
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PICTURE CODING METHOD AND PICTURE
DECODING METHOD

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/453,078, filed Jun. 15, 2006 now U.S. Pat.
No. 7,308,143, which is a divisional of U.S. patent applica-
tion Ser. No. 10/479,831 filed on Dec. 08, 2003, now U.S. Pat.
No. 7,095,896, which is the National Stage of International
Application No. PCT/JP03/03794, filed Mar. 27, 2003.

TECHNICAL FIELD

The present invention relates to a picture coding method
and a picture decoding method for coding an image digitally
so as to transfer or store it.

BACKGROUND ART

A coding of moving pictures, in general, divides a picture
into a certain size of blocks and performs intra picture pre-
diction and inter picture prediction for each block. It then
applies orthogonal transformation, for example, discrete
cosine transform or the like for each block of the smallest unit
of a division (i.e. 4x4 pixels) so as to perform coding using
variable length coding based on run level coding for coeffi-
cients showing spatial frequency components gained by
orthogonal transformation.

The variable length coding assigns variable length code to
values of the coefficients contained in the block to which
orthogonal transformation is applied (level) as well as to
numbers consisting of a series of a coefficient O (run). In this
case, a table which corresponds the values with variable
length code is called a VLC table. Under the conventional
method, only one table is prepared as a VLC table respec-
tively for intra prediction coding and inter prediction coding
(reference to ISO/IEC 14496-2:1999(E) Information tech-
nology—coding of audio-visual objects Part 2: Visual (1999-
12-01) P.119 7.4.1 Variable length decoding).

Under the variable length coding method explained in the
existing technique, only one table is prepared as a VL.C table
respectively for intra prediction coding and inter prediction
coding. Therefore, it contains a problem that coding effi-
ciency differs greatly depending on a quality of a current
picture to be coded.

In order to solve this problem, a method of preparing a
plurality of tables so as to refer to them by switching between
them according to the number of coefficients other than 0
contained in a current block to which orthogonal transforma-
tionis applied is conceivable. For realizing this, it is necessary
to perform coding by applying variable length coding for the
numbers of the coefficients other than 0, however, the coding
method and the decoding method are not yet established.

DISCLOSURE OF INVENTION

The present invention has been devised in view of these
circumstances and it is an object of the present invention to
suggest a picture coding method as well as a picture decoding
method that realize coding of the number of coefficients other
than 0 contained in the block to which orthogonal transfor-
mation is applied with high efficiency regardless of the qual-
ity of the current picture.

In order to solve the problem as mentioned above, a picture
coding method according to the present invention codes, on a
block-to-block basis, an image by transforming the image
into coefficients showing spatial frequency components and
comprises: a predicting step for calculating a predictive value
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2

of the number of coefficients other than 0 contained in a
current block to be coded based on the numbers of coeffi-
cients other than O contained in coded blocks located on a
periphery of the current block; a table selecting step for
selecting tables for variable length coding based on the pre-
dictive value calculated in the predicting step; and a variable
length coding step for performing variable length coding for
the number of the coefficients other than 0 contained in the
current block with reference to the tables for variable length
coding selected in the table selecting step.

Thus, it realizes an improvement in coding efficiency since
it is possible to refer to optimal tables for variable length
coding when coding the number of the coefficients other than
0 contained in the current block.

Also, in the predicting step, the predictive value is calcu-
lated using an average value of the numbers of the coefficients
other than 0 contained in the coded blocks.

Also, the tables for variable length coding include at least
one VL.C table. In the table selecting step, the VL.C table is
selected based on the predictive value calculated in the pre-
dicting step and in the variable length coding step, the number
of'the coefficients other than 0 contained in the current block
is transformed into a variable length code with reference to
the VLC table selected in the table selecting step.

The tables for variable length coding include at least one
code table and one VL.C table. In the table selecting step, a
code table and a VLC table are selected based on the predic-
tive value calculated in the predicting step and in the variable
length coding step, the number of the coefficients other than
0 contained in the current block is transformed into a code
number with reference to the code table selected in the table
selecting step and then the code number is transformed into a
variable length code with reference to the VL.C table selected
in the table selecting step.

The picture coding method comprises a keeping step for
keeping the numbers ofthe coefficients other than O contained
in the coded blocks neighboring an uncoded block at least
until the uncoded block is coded.

In the predicting step, the predictive value of the number of
the coefficients other than 0 contained in the current block is
calculated based on the numbers of the coefficients other than
0 contained in the coded blocks located above and on the left
of the current block.

Inthe predicting step, a value 0 is set as the predictive value
when no coded blocks are found above and on the left of the
current block.

In the predicting step, an average value of the numbers of
the coefficients other than O contained in the coded blocks
located above and on the left of the current block is calculated
as the predictive value when the coded blocks are found above
and on the left of the current block.

In the predicting step, the number of the coefficients other
than O contained in the coded block on the left of the current
block is set as the predictive value when the coded block is
found on the left but not above the current block.

In the predicting step, the number of the coefficients other
than O contained in the coded block above the current block is
set as the predictive value when the coded block is found
above but not on the left of the current block.

Inthe predicting step, a value 0 is set as the predictive value
when upper and left boundaries of the current block are either
a boundary of pictures, each of which is a unit of the picture
or a boundary of slices, each of which is what the picture is
divided into a plurality of sections.

In the predicting step, an average value of the numbers of
the coefficients other than O contained in the coded blocks
located above and on the left of the current block is set as the
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predictive value when upper and left boundaries of the current
block are neither a boundary of pictures, each of which is a
unit of the picture nor a boundary of slices, each of which is
what the picture is divided into a plurality of sections.

In the predicting step, the number of the coefficients other
than O contained in the coded block on the left of the current
block is set as the predictive value when an upper boundary of
the current block is either a boundary of pictures, each of
which is a unit of the picture or a boundary of slices, each of
which is what the picture is divided into a plurality of sec-
tions, and the left boundary is neither the boundary of pictures
nor the boundary of slices.

In the predicting step, the number of the coefficients other
than O contained in the coded block above the current block is
set as the predictive value when a left boundary of'the current
block is either a boundary of pictures, each of which is a unit
of the picture or a boundary of slices, each of which is what
the picture is divided into a plurality of sections, and an upper
boundary is neither the boundary of pictures nor the boundary
of slices.

A picture decoding method according to the present inven-
tion decodes, on a block-to-block basis, an image that is
coded by transforming the image into coefficients showing
spatial frequency components and comprises:

a predicting step for calculating a predictive value of the
number of the coefficients other than 0 contained in a current
block to be decoded based on numbers of coefficients other
than O contained in decoded blocks located on a periphery of
the current block;

atable selecting step for selecting tables for variable length
decoding based on the predictive value calculated in the pre-
dicting step; and

a variable length decoding step for performing variable
length decoding for the number of the coefficients other than
0 contained in the current block with reference to the tables
for variable length decoding selected in the table selecting
step.

Thus, it realizes a correct decoding of a bit stream, in which
the number of the coefficients other than 0 contained in the
block is coded, referring to optimal tables for variable length
decoding.

Also, in the predicting step, the predictive value is calcu-
lated using an average value of the numbers of the coefficients
other than 0 contained in the decoded blocks.

Also, the tables for variable length decoding include at
least one VLC table. In the table selecting step, the VL.C table
is selected based on the predictive value calculated in the
predicting step, and in the variable length decoding step, a
variable length code showing the number of coefficients other
than O contained in the current block is transformed into said
number of the coefficients other than 0 contained in the cur-
rent block, with reference to the VLC table selected in the
table selecting step.

The tables for variable length decoding include at least one
code table and one VL.C table. In the table selecting step, the
code table and the VLC table are selected based on the pre-
dictive value calculated in the predicting step, and in the
variable length decoding step, a variable length code showing
the number of coefficients other than 0 contained in the cur-
rent block is transformed into a code number with reference to
the VLC table selected in the table selecting step, and then the
code number is transformed into said number of the coeffi-
cients other than O contained in the current block, with refer-
ence to the code table selected by the table selecting step.

The picture decoding method comprises a keeping step for
keeping the numbers ofthe coefficients other than O contained
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in the decoded blocks neighboring an undecoded block at
least until the undecoded block is decoded.

In the predicting step, the predictive value of the number of
the coefficients other than 0 contained in the current block is
calculated based on the numbers of the coefficients other than
0 contained in the decoded blocks located above and on the
left of the current block.

Inthe predicting step, a value 0 is set as the predictive value
when no decoded blocks are found above and on the left of the
current block.

In the predicting step, an average value of the numbers of
the coefficients other than 0 contained in the decoded blocks
located above and on the left of the current block is set as the
predictive value when the decoded blocks are found above
and on the left of the current block.

In the predicting step, the number of the coefficients other
than O contained in the decoded block on the left of the current
block is set as the predictive value when the decoded block is
found on the left but not above.

In the predicting step, the number of the coefficients other
than O contained in the decoded block above the current block
is set as the predictive value when the decoded block is found
above but not on the left of the current block.

Inthe predicting step, a value 0 is set as the predictive value
when upper and left boundaries of the current block are either
a boundary of pictures, each of which is a unit of the picture
or a boundary of slices, each of which is what the picture is
divided into a plurality of sections.

In the predicting step, an average value of the numbers of
the coefficients other than 0 contained in the decoded blocks
located above and on the left of the current block is set as the
predictive value when upper and left boundaries of the current
block are neither a boundary of pictures, each of which is a
unit of the picture nor a boundary of slices, each of which is
what the picture is divided into a plurality of sections.

In the predicting step, the number of the coefficients other
than O contained in the decoded block on the left of the current
block is set as the predictive value when an upper boundary of
the current block is either a boundary of pictures, each of
which is a unit of the picture or a boundary of slices, each of
which is what the picture is divided into a plurality of sec-
tions, and a left boundary of the block is neither the boundary
of pictures nor the boundary of slices.

Inthe predicting step, the number of coefficients other than
0 contained in the decoded block above the current block is set
as the predictive value when a left boundary of the current
block is either the boundary of pictures, each of which is a unit
of the picture or a boundary of slices, each of which is what
the picture is divided into a plurality of sections, and an upper
boundary of the block is neither the boundary of pictures nor
the boundary of slices.

The present invention is realized not only as a picture
coding method and a picture decoding method, but also as a
picture coding device and a picture decoding device including
the characteristic steps contained in these methods as means.
It is realized also as a program which causes a computer to
execute these steps or as a bit stream created by the picture
coding method. Such a program can surely be distributed
through a storage medium like CD-ROM and a transmission
medium like Internet.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing a structure of an
embodiment of a picture coding device using a picture coding
method according to the present invention.
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FIG. 2A is a pattern diagram showing a sketch of a pro-
cessing order of macroblocks in each picture. FIG. 2B is a
pattern diagram showing macroblocks which belong to coded
blocks used for reference in order to encode a number of
coefficients of a current block to be coded.

FIG. 3A is a block diagram showing a structure of a coet-
ficient number encoder according to the first embodiment of
the present invention. FIG. 3B is a block diagram showing a
structure of a transformational example of the coefficient
number encoder.

FIG. 4A and FIG. 4B are pattern diagrams showing a
physical position of a current block to be coded and the coded
blocks used for the reference. FIG. 4A presents a case of using
three adjacent blocks whereas FIG. 4B presents a case of
using two adjacent blocks.

FIG. 5 is a pattern diagram showing an example of a flow
when the number of coefficients is transformed into a bit
stream with reference to tables.

FIG. 6 A and FIG. 6B are pattern diagrams showing refer-
ence blocks for a current macroblock to be coded. FIG. 6A
presents a case of using three adjacent blocks whereas FIG.
6B presents a case of using two adjacent blocks.

FIG. 7A, FIG. 7B and FIG. 7C are pattern diagrams show-
ing an operation in which a coefficient number storing unit
stores the numbers of coefficients. FIG. 7A presents a case
where a processing proceeds to the next macroblock whereas
FIG. 7B presents a case where the processing further pro-
ceeds to the next macroblock. FIG. 7C presents a case where
the current macroblock is located at the right edge of the
picture and the processing shifts to the next macroblock.

FIG. 8A, FIG. 8B and F1G. 8C are block diagrams showing
a structure of a transformational example of a coefficient
number encoder according to the first embodiment of the
present invention.

FIG. 8A presents a case of fixing a code table. FIG. 8B
presents a case of fixing a VL.C table. The FIG. 8C presents a
case of using only a VL.C table without using code tables.

FIG. 9 is a block diagram showing a structure of a trans-
formational example of the coefficient number encoder
according to the first embodiment of the present invention.

FIG. 10A is a block diagram showing a structure of a
coefficient number encoder according to the second embodi-
ment of the present invention. FIG. 10B is a block diagram
showing a structure of a transformational example of the
coefficient number encoder.

FIG. 11A and FIG. 11B are pattern diagrams for showing a
position of blocks targeted for statistics of the numbers of
coefficients according to the second and the seventh embodi-
ments of the present invention.

FIG. 12A is a block diagram showing a structure of a
coefficient number encoder according to the third embodi-
ment of the present invention. FIG. 12B is a block diagram
showing a structure of a transformational example of the
coefficient number encoder.

FIG. 13A is a block diagram showing a structure of a
coefficient number encoder according to the fourth embodi-
ment of the present invention. FIG. 13B is a block diagram
showing a structure of a transformational example of the
coefficient number encoder.

FIG. 14 is a block diagram for showing a method of cal-
culating an evaluation value obtained by the table switching
according to the fourth and the ninth embodiments of the
present invention.

FIG. 15 is a block diagram showing a structure of a picture
coding device according to the fifth embodiment of the
present invention.
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FIG. 16 is a block diagram showing a structure of a coef-
ficient number encoder according to the fiftth embodiment of
the present invention.

FIG. 17 is a block diagram showing a structure of an
embodiment of a picture decoding device using a picture
decoding method according to the present invention.

FIG. 18A is a block diagram showing a structure of a
coefficient number decoder according to the sixth embodi-
ment of the present invention. FIG. 18B is a block diagram
showing a structure of a transformational example of the
coefficient number decoder.

FIG. 19 is a pattern diagram showing an example of a flow
when a bit stream of a number of coefficients is transformed
into the number of coefficients with reference to tables.

FIG. 20A and FIG. 20B are block diagrams showing a
structure of a transformational example of a coefficient num-
ber decoder according to the sixth embodiment of the present
invention. FIG. 20A presents a case of fixing a code table.
FIG. 20B presents a case of fixing a VL.C table. FIG. 20C
presents a case of using a VL.C table without using code
tables.

FIG. 21 is a block diagram showing a structure of a trans-
formational example of a coefficient number decoder accord-
ing to the sixth embodiment of the present invention.

FIG. 22A is ablock diagram for explaining an operation of
processing showing a structure of a coefficient number
decoder according to the seventh embodiment of the present
invention.

FIG. 22B is a block diagram showing a structure of a
transformational example of the coefficient number decoder.

FIG. 23A is ablock diagram for explaining an operation of
processing showing a structure of a coefficient number
decoder according to the eighth embodiment of the present
invention. FIG. 23B is a block diagram showing a structure of
a transformational example of the coefficient number
decoder.

FIG. 24A is ablock diagram for explaining an operation of
processing which shows a structure of the coefficient number
decoder according to the ninth embodiment of the present
invention. FIG. 24B is a block diagram showing a structure of
a transformational example of the coefficient number
decoder.

FIG. 25 is a block diagram for explaining an operation of
processing which shows a structure of a coefficient number
decoder according to the tenth embodiment of the present
invention.

FIG. 26 A and FIG. 26B are illustrations regarding a record-
ing medium for storing a program in order to realize a picture
coding method as well as a picture decoding method of each
embodiment in a computing system. FIG. 26A is an explana-
tory diagram showing an example of a physical format of a
flexible disk which is a main body of a recording medium.
FIG. 26B is an explanatory diagram showing a full appear-
ance of the flexible disk, a structure at cross section and the
flexible disk itself. FIG. 26C is an illustration showing a
structure for recording and reproducing the program on the
flexible disk FD.

FIG. 27 is a block diagram showing a whole structure of a
content providing system which realizes a content delivery
service.

FIG. 28 is a sketch showing an example of a cell phone.

FIG. 29 is a block diagram showing an internal structure of
the cell phone.

FIG. 30 is a block diagram showing a whole system of a
digital broadcasting system.
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BEST MODE FOR CARRYING OUT THE
INVENTION

The following describes the embodiments of the present
invention with reference to the diagrams and equations.

First Embodiment

FIG. 1 is a block diagram showing a structure of an
embodiment of a picture coding device using a picture coding
method according to the present invention.

The picture coding device includes, as shown in FIG. 1,
frame memories 101 and 106, an orthogonal transforming
unit 102, a quantizing unit 103, an inverse quantizing unit
104, an inverse orthogonal transforming unit 105, an inter
picture predicting unit 107, an intra picture predicting unit
108, a coefficient number detecting unit 109, a coefficient
number storing unit 110, a coefficient number encoder 111, a
coefficient value encoder 112, a bit stream generating unit
113, switches 114 and 115, a difference calculating unit 116
and an addition calculating unit 117.

The frame memory 101 stores moving pictures inputted on
a picture-to-picture basis in display order. The inter picture
predicting unit 107 detects motion vectors which show a
position predicted as optimal in the searching area in the
picture, using picture data reconstructed in a coding device as
reference pictures so as to create predictive picture data based
on the motion vectors. The difference calculating unit 116
calculates a difference between the input picture data read out
from the frame memory 101 and the predictive picture data
inputted from the inter picture predicting unit 107 so as to
create predictive residual picture data.

The intra picture predicting unit 108 creates predictive
picture data using the picture data of the coded area in the
current picture and creates predictive residual picture data by
calculating the difference between the created predictive pic-
ture data and the input picture data.

The orthogonal transforming unit 102 performs orthogonal
transformation to the inputted predictive residual picture
data. The quantizing unit 103 performs a quantization to the
orthogonal transformed data and creates coefficients showing
spatial frequency components which is an object for variable
length coding. The inverse quantizing unit 104 performs
inverse quantization to the coefficients created in the afore-
mentioned processing. The inverse orthogonal transforming
unit 105 performs inverse orthogonal transformation to the
inverse quantized data and creates reconstructed predictive
residual picture data. The addition calculating unit 117 adds
the reconstructed residual picture data inputted from the
inverse orthogonal transforming unit 105 and the predictive
picture data inputted from the inter predicting unit 107 and
creates reconstructed picture data. The frame memory 106
stores the created reconstructed picture data.

The coefficient number detecting unit 109 detects the num-
ber of coefficients having a value other than O (hereafter
simply refers to number of coefficients) from each block by
examining the value of the created coefficient. The coefficient
number storing unit 110 stores the numbers of coefficients
detected by the coefficient number detecting unit 109. The
coefficient number encoder 111 refers to the values of the
coefficients in the block, that are already coded and stored in
the coefficient number storing unit 110 and performs coding
for the numbers of the coefficients using a method to be
mentioned later. The coefficient value encoder 112 performs
variable length coding for the values of the coefficients them-
selves with reference to VLC tables necessary for variable
length coding by switching between them using the numbers
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of' the coefficients detected by the coefficient number detect-
ing unit 109. The bit stream generating unit 113 generates a
bit stream by adding other information on the motion vectors
or the like inputted from the inter picture prediction unit 107
to the numbers of the coefficients and the values of the coef-
ficients, which are coded.

Next, an explanation regarding an operation of a picture
coding device constructed as above follows.

The moving pictures targeted for coding are inputted to the
frame memory 101 on a picture-to-picture basis in display
order and then reordered in the order of coding. Each picture
is divided into a block of, for instance, 16 (horizontal)x16
(vertical) pixels called macroblock, and subsequent process-
ing take place using the unit of macroblock. FIG. 2A is a
pattern diagram showing a sketch of a processing order of
macroblocks in each picture whereas FIG. 2B is a pattern
diagram showing macroblocks to which the coded blocks
used for reference in order to encode the numbers of the
coefficients in the current block belong. The FIG. 2B shows a
case where a macroblock MB13 is the current macroblock.

Coding of the macroblocks in each picture starts from
upper left, one by one, to the right, as shown in the FIG. 2A,
goes one step down when it comes to the right edge and starts
again from the left to the right. The macroblock, which is read
out from the frame memory 101, is firstly inputted to the inter
picture predicting unit 107 when a current macroblock to be
coded is coded using inter picture prediction. The inter pic-
ture predicting unit 107 uses reconstructed picture data of the
coded pictures stored in the frame memory 106 as reference
pictures for detecting motion vectors in each block [i.e. 4
(horizontal)x4(vertical) pixels] which is a further divided
macroblock. The inter picture predicting unit 107 outputs
predictive picture data created by the detected motion vectors
to the difference calculating unit 116. The difference calcu-
lating unit 116 creates predictive residual picture data by
measuring the difference between the predictive picture data
and the input picture data of the current macroblock.

On the contrary, for coding the target macroblock by means
of intra picture prediction, the macroblock which is read out
from the frame memory 101 is firstly inputted to the intra
picture predicting unit 108. The intra picture predicting unit
108 performs intra picture prediction using the information
on the surrounding blocks and creates predictive residual
picture data.

The thus created predictive residual picture data goes
through processing of orthogonal transformation at the
orthogonal transforming unit 102, processing of a quantiza-
tion at the quantizing unit 103 for each block and then is
transformed into the coefficients for which variable length
coding is to be performed. These coefficients are inputted to
the coefficient number detecting unit 109, to the coefficient
value encoder 112 and to the inverse quantizing unit 104.

The coefficient number detecting unit 109 detects the num-
ber of coefficients having a value other than O in each block.
The numbers of coefficients detected here are stored in the
coefficient number storing unit 110. The coefficient number
encoder 111 refers to the values by reading out from the
coefficient number storing unit 110 the numbers of the coef-
ficients in the coded blocks and performs coding for the
number of the coefficients of the current block. Also, the
coefficient value encoder 112 performs coding of the values
of' the coefficients themselves using the numbers of the coef-
ficients detected by the coefficient number detecting unit 109.
Lastly, the bit stream generating unit 113 generates a defini-
tive bit stream by adding, to the bit stream, the numbers of the
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coefficients and the values of the coefficients, which are
coded, together with other information on the motion vectors
or the like.

The coeflicients inputted to the inverse quantizing unit 104
go through the processing of inverse quantization at the
inverse quantizing unit 104 as well as the processing of
inverse orthogonal transformation at the inverse orthogonal
transforming unit 105, and then, are transformed into recon-
structed predictive residual picture data. Next, the addition
calculating unit 117 adds the reconstructed predictive
residual picture data and the predictive picture data inputted
from the inter picture predicting unit 107 so as to create
reconstructed picture data and stores it in the frame memory
106.

Thus, a sequence of coding is explained above. As for
variable length coding processing of the numbers of coeffi-
cients performed by the coefficient number encoder 111, the
detail is explained with reference to FI1G. 3~FIG. 9 as well as
Chart 1~Chart 7.

FIG. 3A is a block diagram showing in detail an internal
structure of the coefficient number encoder 111.

Here, an example of using two tables of a code table and a
VLC table in order to perform variable length coding for the
number of coefficients is shown. The code table is a table for
transforming the number of coefficients into a code number
whereas the VLC table is a table for transforming the code
number gained by the code table into variable length code.

The coefficient number encoder 111 includes, as shown in
FIG. 3A, a predictive value calculating unit 201, a code table
storing unit 202, a code table selecting unit 203, a VLC table
selecting unit 204, a VL.C table storing unit 205 and a coef-
ficient number encoder 206.

Firstly, the numbers of coefficients of coded blocks on the
periphery are inputted from the coefficient number storing
unit 110 shown in the FIG. 1 to the predictive value calculat-
ing unit 201. The predictive value calculating unit 201 deter-
mines the predictive value by calculating an average value of
these values. A maximum value, a minimum value or a
medium value may be used instead of the average value as a
method to determine the predictive value.

FIG. 4A is a pattern diagram showing a location relation-
ship between a current block to be coded and the coded blocks
to be used for the reference. Here, a block X is a current block
whereas three blocks in a position of blocks B, C and D are
reference blocks. As for the three blocks in the position of the
blocks B, C and D, when blocks which are neither coded nor
located outside the picture or outside the slice which is a
picture divided into a plurality of sections, occurs, a change is
made to the reference blocks as in Chart 1.

CHART 1

Reference block

B,C,D
A,B,D
D

B,C
None

HOKOO|w
HOHR KOO
H“HOOO| o

As forsigns in Chart 1, a sign O signifies a coded block and
a sign X signifies a block which can not be referred to since it
is neither coded nor located outside the picture or outside the
slice. For example, when only a block C can not be referred to,
it shows that the references are blocks A, B and D. Chart 1
shows a relation between a condition of the reference blocks
and the block(s) which can be referred to, however, the pat-
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terns are not limited to this. Also, if no reference blocks are
found, either a value 0 or other arbitrary value is given directly
as a predictive value.

The code table selecting unit 203 selects a code table for an
actual use from a plurality of code tables stored in the code
table storing unit 202 in accordance with a predictive value
calculated by the predictive value calculating unit 201.

Chart 2 is an example of a code table in which numbers of
coefficients correspond to code numbers prepared before-

hand by the code table storing unit 202.
CHART 2
Coefficient
number value Codetable 1 Codetable 2 Codetable3 Code table 4

0N AW O
0N AW O
0~ W~ O NN
AW ONA UL
O NWR UL

According to this example, a code table 1, for example,
assigns code numbers which are identical to numbers of coet-
ficients whereas a code table 2 assigns the code numbers so
that a value 2 of the coefficient number plays a central role.
Four types of code tables are prepared here; however, the
numbers of types of tables and values of tables are not limited
to those used in Chart 2. Also, Chart 3 presents selection
criteria for code tables based on a predictive value.

CHART 3
Predictive value Reference table
0~2 Code table 1
3~5 Code table 2
6~8 Code table 3
9~16 Code table 4

According to this example, the code table selecting unit
203 selects a code table as follows: it refers to a code table 1
when the predictive value calculated by the predictive calcu-
lating unit 201 is no more than 2 whereas it refers to a code
table 2 when the predictive value is more than or equal to 3
and less than or equal to 5. The way of assigning predictive
values and the items of reference tables are not limited to
those used in Chart 3.

The VLC table selecting unit 204 selects a VLC table for
actual use from a plurality of VLC tables stored in the VL.C
table storing unit 205 in accordance with the predictive value
calculated by the predictive calculating unit 201.

Chart 4 is an example of a VLC table in which code num-
bers prepared in advance by the VL.C table storing unit 205
correspond with variable length codes.

CHART 4
Code VLC VLC VLC VLC
number table 1 table 2 table 3 table 4
0 0 1 10 100
1 01 010 11 101
2 001 011 0100 110
3 0001 00100 01012 111
4 00001 00101 0110 01000
5 000001 00110 0111 01001
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CHART 4-continued

Code VLC VLC VLC VLC
number table 1 table 2 table 3 table 4
6 0000001 00111 001000 01010
7 00000001 0001000 001001 01011
8 000000001 0001001 001010 01100

According to this example, a VL.C table 1, in comparison
with a VLC table 4, is designed with a tendency that an
amount of bit increases if the code number is large and
decreases if the code number is small. It shows that the VLC
table 1 can perform variable length coding more efficiently
when an apparition probability of the code number concen-
trates in the area where the values are small while the VLC
table 4 can perform more efficiently when the apparition
probability scatters to the area where the values are big. Four
types of tables are prepared here; however, the numbers of
types of tables and the values of tables are not limited to those
used in Chart 4. Also, Chart 5 presents selection criteria for
VLC tables based on a predictive value.

CHART 5

Predictive value Reference table

0~1 VLC table 1
2~3 VLC table 2
4~6 VLC table 3
7~16 VLC table 4

According to this example, the VL.C table selecting unit
204 selects a VLC table as follows: it refers to a VLC table 1
when the predictive value calculated by the predictive value
calculating unit 201 is no more than 1 whereas it refers to a
VLC table 2 when the predictive value is more than or equal
to 2 and less than or equal to 3. The way of assigning predic-
tive values and the items of reference tables are not limited to
those used in Chart 5.

The coefficient number encoder 206 refers to the code table
and the VLC table which are selected by the above processing
and performs variable length coding of the number of the
coefficients in the inputted current block. The coefficient
number encoder 206 firstly transforms the number of coeffi-
cients into a code number using the code table and then
transforms it into a variable length code corresponded to the
code number, using the VLC table. FIG. 5 is a pattern diagram
showing an example of coding when the predictive value
calculated by the predictive calculating unit 201 is “6” and the
number of the coefficients in the current block is “4”. A code
table 3 shown in FIG. 5 is selected at the code table selecting
unit 203 using Chart 3 and Chart 2 according to the predictive
value “6” and also a VLC table 3 shown in FIG. 5 is selected
atthe VLC table selecting unit 204 using Chart 5 and Chart 4.
The coefficient number encoder 206 transforms the inputted
number of the coefficients “4” into a code number “2” accord-
ing to the code table 3 and furthermore creates a definitive bit
stream “0100” according to the VLC table 3.

Next, as for a storing processing of number of coefficients
performed by the coefficient number storing unit 110, the
detail is explained. FIG. 6A is a pattern diagram showing
reference blocks with respect to a current macroblock to be
coded in the predictive value calculating unit 201. Here, a
black border containing the blocks coded as B1~B16 shows
the current macroblock whereas a hatched section shows the
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reference blocks with respect to the current macroblock.
Also, the numbers assigned to the blocks indicate the order of
coding in the macroblock.

The coefficient number storing unit 110, for example, at the
time of starting the processing of the current macroblock
shown in FIG. 6 A stores the numbers of coefficients detected
by the coefficient number detecting unit 109, at least for the
reference blocks shown in FIG. 6A which are necessary for
the current macroblock. Namely, the coefficient number stor-
ing unit 110 stores the numbers of coefficients detected
according to the blocks of the current macroblock (B1, B2,
B3, ...and B16) which are to be processed sequentially. For
example, when the current block is a block B6, the coefficient
number storing unit 110 stores the numbers of each coeffi-
cient of B1, B2, B3, B4 and B5 which are already processed
in addition to the reference blocks shown as hatched in FIG.
6A. Then, the coefficient number storing unit 110 stores the
number of coefficients of this block B6 when it is detected by
the coefficient number detecting unit 109. Thus, the coeffi-
cient number storing unit 110 stores the numbers of the coef-
ficients detected from the blocks in the current macroblocks
(B1, B2, B3, ... and B16) which are to be processed sequen-
tially.

Then, for example, when the current macroblock is a mac-
roblock MB11 shown in FIG. 2, the coefficient number stor-
ing unit 110 at least stores the numbers of the coefficients of
the blocks in a bottom row and a right column (hatched
blocks) of the macroblock MB11 as shown in FIG. 7A when
the processing of the macroblock MB11 terminates and pro-
ceeds to the next macroblock MB12. Next, when the process-
ing of the macroblock MB12 terminates and the processing
proceeds to the next macroblock MB13, the coefficient num-
ber storing unit 110 stores at least the numbers of the coeffi-
cients for the blocks located in the bottom row and in the right
column of the macroblock MB12 in the same way as well as
the numbers of coefficients of the blocks in the bottom row of
the macroblock MB11 (hatched blocks) as shown in FIG. 7B.

For example, when the current macroblock is located in the
right edge of the picture as the macroblock MB9 shown in
FIG. 2B, the coefficient number storing unit 110 stores at least
the numbers of coefficients of the blocks in the bottom row of
the macroblock MB9 (hatched blocks) as shown in FIG. 7B
when the processing of the macroblock MB9 terminates and
the processing proceeds to the next macroblock MB10.

When the current macroblock is located in the bottom edge
of the picture as MBm shown in FIG. 2B, the coefficient
number storing unit 110 stores at least the numbers of the
coefficients of the blocks in the right column of the macrob-
lock MBm as shown in FIG. 7C when the processing of the
macroblock MBm terminates and the processing proceeds to
the next macroblock MBn.

The coefficient number storing unit 110 thus stores the
numbers of coefficients for the blocks to be referred to. It is
possible to delete, in an arbitrary timing, the information on
the number of coefficients of the blocks other than those to be
stored in the above explanation if they are no longer used for
reference. For example, it is possible to delete when process-
ing proceeds to the next macroblock as well as while process-
ing the macroblock. Also, the numbers of coefficients in the
blocks which are no longer used for reference do not always
need processing of deleting. For instance, the coefficient
number storing unit 110 may identify the numbers of coeffi-
cients in the blocks which are not referred to any longer as
unnecessary and may overwrite to them if necessary.

It is explained above that it is possible to refer to the
numbers of the coefficients of the coded blocks by storing
them in the coefficient number storing unit 110. A system for
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calculating the number of coefficients, however, may be used,
if necessary, by storing not the values of the number of the
coefficients themselves but, for instance, the values of the
coefficients in the blocks, which are transformed into spatial
frequency components.

In the present embodiment, it is possible, as mentioned
above, to calculate a predictive value using the numbers of the
coefficients in the coded adjacent blocks so as to perform
coding of the number of coefficients efficiently even to the
pictures whose apparition probability of the coefficients is not
even by referring to the code table and the VL.C table adap-
tively according to the predictive value.

Also, itcan, as described above, correspond to a fluctuation
of a position where the apparition probability of the number
of coefficients is the highest with reference to the code table
by switching them according to the predictive value. It can
also correspond to the size of the dispersion of the apparition
probability of the number of coefficients by switching the
VLC tables for reference according to the predictive value.
Consequently, it is possible to perform effectively coding of
the number of coefficients.

It is also possible to use only two blocks located in the
position of blocks B and D for a current block X to be coded
as shown in FIG. 4B in stead of using three neighboring
blocks as reference blocks as shown in FIG. 4A at the predic-
tive value calculating unit 201. A change is made concerning
reference blocks as in Chart 6 when it happens that either of
two blocks in the position of the blocks B and D is neither
coded nor located outside the picture nor outside the slice.

CHART 6
B D Reference block
O O B,D
X O D
O X B
X X None

As for signs in Chart 6, a sign O signifies a coded block and
a sign X signifies a block which can not be referred to since it
is neither coded nor located outside the picture nor outside the
slice as in Chart 1. Chart 6 shows a relation between condi-
tions of the reference blocks and the block(s) which can be
referred to, however, the patterns are not limited to this. If no
reference blocks are found, either a value O or other arbitrary
value can be given directly as a predictive value. In this case,
the coefficient number storing unit 110 may only store the
numbers of coefficients detected at the coefficient number
detecting unit 109, at least for the reference blocks shown in
FIG. 6B, which are necessary for the current macroblock.

It is also possible, as a method to calculate a predictive
value in the predictive value calculating unit 201, for
example, to select an optimal method according to each
sequence, each GOP, each picture or each slice rather than to
fix the method to use either of an average value, a maximum
value, a minimum value or a medium value. The code for
identifying the calculating method then selected is added at a
header section of the sequence, the GOP, the picture or the
slice. The slice is a picture divided into a plurality of sections.
A section of one column in a transverse direction sectioned on
a macroblock-to-macroblock basis is an example of this.

Also, it is possible to select, for example, either of an
average value, a maximum value, a minimum value or a
medium value according to the average value of the number
of the coefficients in the coded reference blocks. Chart 7
shows its selection criteria.
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CHART 7

Predictive value

Average value calculation method

0~4 Minimum value
5~8 Average value
9~16 Maximum value

According to this example, a minimum value of the num-
bers of the coefficients of more than one reference blocks is
applied as a predictive value when, for example, an average
value is less than or equal to 4 and an average value is applied
as a predictive value when the average value is more than or
equal to 5 and less than or equal to 8. The positive effects of
improvement in coding efficiency can be obtained in both
cases: by selecting a maximum value since a probability that
greater number of coefficients appears becomes higher in the
blocks in which the quantization step is small and the move-
ments are complicated; and by selecting a minimum value
since a probability that smaller number of coefficients
appears becomes higher in the blocks in which the quantiza-
tion step is inversely big and the movement is simple. The
way of assigning the average value or the items indicated as
predictive value calculating methods is not limited to those
indicated in Chart 7.

The coeflicient number encoder 111 in the present embodi-
ment performs variable length coding for the value of the
number of coefficients itself. The difference calculating unit
207 may, however, calculate a difference value between the
predictive value calculated at the predictive value calculating
unit 201 and the value of number of coefficients which is
inputted so as to perform coding for the gained value with the
same processing as described in the above embodiment. The
positive effects can be obtained for the improvement in cod-
ing efficiency for a picture in which a change in the number of
coefficients among the surrounding blocks becomes smaller
when changes in luminance and in chrominance are monoto-
nous across the screen.

Also, the coefficient number encoder 111 performs coding
by switching both the code table and the VL.C table according
to the predictive value based on the number of coefficients in
the neighboring blocks; however, these tables may not be
switched but fixed. This can be realized by using only a
storing unit which has either one certain type of code tables or
one certain type of VLC tables in stead of using table selecting
units. FIG. 8A is a block diagram showing a structure of the
coefficient number encoder 111 for performing variable
length coding of the number of coefficients by fixing only a
code table. Also, FIG. 8B is a block diagram showing a
structure of the coefficient number encoder 111 for perform-
ing variable length coding of the number of coefficients by
fixing only aVLC table. In case of fixing only a code table, the
coefficient number encoder 111 as shown in FIG. 8A includes
a code table storing unit 301 in stead of the code table storing
unit 202 and the code table selecting unit 203 shown in FIG.
3A.Thecodetable storing unit 301 has one type of code table.
Then, the coefficient number encoder 206 first transforms the
number of coefficients into a code number using a code table
stored in the code table storing unit 301 then transforms the
code number to variable length code using a VLC table
selected by the VLC table selecting unit 204.

On the other hand, the coefficient number encoder 111 as
shown in FIG. 8B includes a VL.C table storing unit 302 in
stead of the VLC table storing unit 205 and the VLC table
selecting unit 204 shown in FIG. 3A. The VL.C table storing
unit 302 has one type of VLC table. Then, the coefficient
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number encoder 206 firstly transforms the number of coeffi-
cients into a code number using the code table selected by the
code table selecting unit 203 then transforms the code number
into a variable length code using the VLC table stored in the
VLC table storing unit 302.

Thus by fixing either the code table or the VL.C table in
stead of switching between them, the throughput for switch-
ing tables can be reduced or an amount of memory for storing
a plurality of tables can be reduced although the effects of
coding efficiency decreases more or less.

Also, the coefficient number encoder 111 may perform
variable length coding by switching only the VL.C tables
according to the predictive value based on the numbers of
coefficients in the neighboring blocks without using code
tables. FIG. 8C is a block diagram showing a structure of the
coefficient number encoder 111 for performing variable
length coding of the number of coefficients using only the
VLC tables without code tables. In this case, as shown in FIG.
8C, the coefficient number encoder 111 includes neither the
code table storing unit 202 nor the code table selecting unit
203. The coefficient number encoder 111 selects a VLC table
for actual use from a plurality of VLC tables stored in the VL.C
table storing unit 304. Then, the coefficient number encoder
206 directly transforms the number of coefficients into vari-
able length code without transforming it into the code number
as shown above. In this case, in the examples of VLC tables
shown in Chart 4, the part shown as code numbers is replaced
by values of number of coefficients.

Also, the case in which the coefficient number encoder 111
performs variable length coding using a difference value
between a predictive value and a value of number of coeffi-
cients instead of a value of number of coefficients can be
handled in the same way. FIG. 9 is a block diagram showing,
as an example of it, a structure of the coefficient number
encoder 111 for performing variable length coding for a dif-
ference value between the predictive value and the number of
coefficients by fixing both a code table and a VL.C table. In
this case, the coefficient number encoder 111 as in FIG. 9
includes a codetable storing unit 301 in stead of the code table
storing unit 202 and the code table selecting unit 203 shown
in FIG. 3A as well as a VLC table storing unit 302 in stead of
the VL.C table storing unit 205 and the VLC table selecting
unit 204. The code table storing unit 301 has one type of code
tables whereas the code VLC table storing unit 302 has one
type of VLC tables. Then, the coefficient number encoder 206
firstly transforms the difference value between the number of
coefficients and the predictive value into a code number using
the code table stored in the code table storing unit 301 then
transforms the code number into a variable length code using
the VLC table stored in the VL.C table storing unit 302.

Second Embodiment

The structure of the picture coding device and the outline of
the coding processing according to the present embodiment
are totally the same as those described in the first embodiment
excepting the coefficient number encoder 111 shown in FIG.
1. Here, regarding variable length coding processing of the
number of coefficients performed by the coefficient number
encoder 111 in the second embodiment, the detail is
explained using FIGS. 10 and 11.

FIG. 10A is a block diagram showing in detail an internal
structure of the coefficient number encoder 111.

As shown in FIG. 10A, the coefficient number encoder 111
includes a code table generating unit 701 in stead of the code
table storing unit 202 and the code table selecting unit 203
shown in FIG. 3A. The numbers of coefficients in the coded
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blocks are inputted to the code table generating unit 701 from
the coefficient number storing unit 110. The code table gen-
erating unit 701 counts the number ofthe coded blocks having
the same number of coefficients as the value of the number of
coefficients at each of the values and creates code tables by
assigning code numbers in descending order starting from a
coefficient number which recorded the highest frequency
based on the statistic. FIG. 11A is a pattern diagram present-
ing a position of the coded blocks targeted for statistic. Here,
a P1, a P3 and a P4 are pictures in which inter picture predic-
tion coding is performed whereas an 12 is a picture in which
intra picture prediction coding is performed. Supposing that a
current block belongs to the P3, all the blocks, which are
coded using the same method as used for the current block,
contained in the P1, which is a picture immediately preceding
the current picture, are targeted for statistics. The case in
which the blocks equivalents of one picture including the
coded blocks in the current picture are targeted for statistics as
in FIG. 11B can be handled in the same way. Also, a table for
the initial condition in ascending order starting from the num-
ber O shall be used as a code table when the coded blocks
equivalent to one picture which can be targeted for statistic do
not exist. Here, the blocks equivalent to one picture are tar-
geted for statistics, however, the case in which the number of
blocks other than this is used as a parameter can be handled in
the same way. In case of applying a referring method as
shown in FIG. 11A so as to generate a code table, the table
may be generated only once when encoding of the current
picture is started.

Meanwhile, the numbers of coefficients in the coded
blocks situated on the periphery are inputted to the predictive
value calculating unit 201. The predictive value calculating
unit 201 determines the predictive value by calculating an
average value based on these values as described in the first
embodiment. A maximum value, a minimum value or a
medium value may be used in stead of the average value as a
method to determine the predictive value. The coded blocks
then used as the reference, are determined according to Chart
1 using three blocks in the position of the blocks B, C and D
for the current block X shown in FIG. 4A in the first embodi-
ment. Chart 1 shows a relation between conditions of the
reference blocks and the block(s) which can be referred to,
however, the patterns are not limited to this. Either a value 0
or other arbitrary value is given directly as a predictive value
when no reference blocks are found.

The predictive value calculated by the predictive value
calculating unit 201 is used only at the VL.C table selecting
unit 204. The VLC table selecting unit 204 selects, as in the
first embodiment, according to this predictive value, a VL.C
table for coding the number of coefficients from a plurality of
VLC tables prepared in the VLC table storing unit 205 in
advance as shown in Chart 4 in accordance with the selection
criteria shown in Chart 5.

The coefficient number encoder 206 refers to the code table
created by the code table generating unit 701 and the VL.C
table selected by the VLC table selecting unit 204 and then
performs variable length coding of the number of the coeffi-
cients in the current block targeted for coding which is input-
ted in the same way as described in the first embodiment.

Thus, in the present embodiment, a code table is created by
taking statistics of the numbers ofthe coefficients in the coded
blocks, furthermore, a VLL.C table is determined according to
the predictive value calculated from the number of the coef-
ficients in the coded blocks, and by referring to both of the
tables, it is possible to perform coding of the number of
coefficients efficiently even for a picture whose apparition
frequency of coefficients is uneven.
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As in the first embodiment, it is also possible to determine
the coded blocks used for reference at the predictive value
calculating unit 201 as in the first embodiment according to
Chart 6 using only two blocks located in the position of the
blocks B and D for the current block X shown in FIG. 4B in
stead of using three neighboring blocks as shown in FIG. 4A.
Chart 6 shows a relation between conditions of the reference
blocks and the block(s) which can be referred to, however, the
patterns are not limited to this. Either a value 0 or other
arbitrary value is given directly as a predictive value when no
reference blocks are found.

As in the first embodiment, it is also possible to select, for
example, either of an average value, a maximum value, a
minimum value or a medium value according to an average
value of the numbers of the coefficients in the coded reference
blocks as a method to calculate a predictive value in the
predictive value calculating unit 201 as in the first embodi-
ment. Chart 7 shows the selection criteria, however a way of
assigning the average value and items indicated as predictive
value calculating methods are not limited to this.

In the present embodiment, the coefficient number encoder
111 performs variable length coding for the value of the
number of coefficients itself. However, as in the first embodi-
ment, it is possible, as shown in FIG. 10, that a difference
value between the predictive value calculated by the predic-
tive value calculating unit 201 and the inputted value of the
number of coefficients is calculated by the subtractor 207 and
variable length coding is performed for the gained value by
the same processing as described above.

Also, in the present embodiment, the coefficient number
encoder 111 performs variable length coding by switching the
VLC tables according to the predictive value based on the
numbers of coefficients in the neighboring blocks. It is, how-
ever, possible to fix the table rather than to switch the VL.C
tables as in the first embodiment. In this case, this is realized
by using only a VLC table storing unit which has one certain
type of VLC tables in stead of using the VLC table selecting
unit.

Third Embodiment

The structure of the picture coding device and the outline of
the coding processing according to the present embodiment
are totally the same as those described in the first embodi-
ment, excepting the coefficient number encoder 111 shown in
FIG. 1. Here, regarding variable length coding processing of
the number of coefficients performed at the coefficient num-
ber encoder 111 in the third embodiment, the detail is
explained using FIGS. 12A and 12B as well as Charts 8 and 9.

FIG. 12A is a block diagram showing in detail an internal
structure of the coefficient number encoder 111.

As shown in FIG. 12 A, the coefficient number encoder 111
does not include the predictive value calculating unit 201
shown in FIG. 3A. A code table selecting unit 901 and a VL.C
table selecting unit 902 therefore select a table for actual use
differently from the first embodiment by using directly the
numbers ofthe coefficients in the coded blocks, without using
a predictive value. As for the coded blocks then used for the
reference as shown in FIG. 4B, only two blocks in the position
of the block B (above) and the block D (left) for the current
block X are used. However, when the blocks located above
and on the left are neither coded nor situated outside the
picture nor outside the slice, either a value 0 or other arbitrary
value can be substituted.

Chart 8 shows a method of selecting a code table in the code
table selecting unit 901.
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CHART 8

Coefficient number (above)

0~3 6~16
Coefficient 0~5 Code table 1 Code table 2
number 6~16 Code table 3 Code table 4
(left)

The code table selecting unit 901 classifies into two groups
the respective number of coefficients in the blocks situated
above and on the left of the current block as shown in Chart 8
according to the value and selects a table using a combination
of'the four thus formed. For example, a code table 2 is selected
when the number of the coefficients in the left block is 3 and
the number of the coefficients in the above block is 8. The
method to classify the number of the coefficients in the upper
and the left blocks and the way to assign code tables are not
limited to those used in Chart 8.

Chart 9 shows a method of selecting a VL.C table at the
VLC table selecting unit 902.

CHART 9

Coefficient number (above

0~3 6~16
Coefficient 0~5 VLCtable 1 VLC table 2
number 6~16 VLC table 3 VLC table 4
(left)

The VLC table selecting unit 902 selects a VLC table for
actual reference using the selection method as shown in Chart
9 as in the case of code table selecting unit 901.

The coefficient number encoder 206 refers to the code table
selected by the code table selecting unit 901 and the VL.C
table selected by the VLC table selecting unit 902 so as to
perform variable length coding for the number of coefficients
in the current block which is inputted in the same way as in the
first embodiment.

Thus, in the present embodiment, by classifying the num-
bers of coefficients in the coded blocks located above and on
the left of the current block into “n” group(s) according to the
value with reference to the code table and the VLC table
according to the combination of NxN ways then formed and
by switching between them adaptively, it is possible to per-
form efficiently the coding of the number of coefficients for
the picture whose apparition frequency of coefficients is
uneven.

Inthe present embodiment, the coefficient number encoder
111 performs variable length coding for the value of the
number of coefficients itself. The difference calculating unit
207 may, however, calculate a difference value between the
predictive value calculated at the predictive value calculating
unit 201 as shown in FIG. 12B as in the first embodiment and
avalue of the number of coefficients inputted so as to perform
variable length coding.

Also, in the present embodiment, the coefficient number
encoder 111 performs variable length coding by switching
both the VL.C table and the code table according to the num-
bers of the coefficients in the neighboring blocks. It is, how-
ever, possible to fix either of these tables rather than to switch
them as in the first embodiment. In this case, variable length
coding is realized by using a storing unit which has either one
certain type of code tables or one certain type of VLC tables
in stead of using table selecting units. Furthermore, it is also
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possible to perform variable length coding by switching only
the VLC tables according to the numbers of the coefficients in
the neighboring blocks without using code tables, as in the
first embodiment.

Fourth Embodiment

The structure of the picture coding device and the outline of
the coding processing according to the present embodiment
are totally the same as those described in the first embodi-
ment, excepting the coefficient number encoder 111 shown in
FIG. 1. Here, regarding variable length coding processing of
the number of coefficients performed by the coefficient num-
ber encoder 111 in the fourth embodiment, the detail is
explained using FIGS. 13 and 14.

FIG. 13A is a block diagram showing in detail an internal
structure of the coefficient number encoder 111.

The coefficient number encoder 111 as shown in FIG. 13A
includes a table selecting unit 1001 in stead of the predictive
value calculating unit 201, the code table selecting unit 203
and the VLC table selecting unit 204 shown in FIG. 3A. The
table selecting unit 1001 uses directly the number of coeffi-
cients in the coded blocks without using a predictive value so
as to select tables for actual use by evaluating both a code
table and a VLC table at the same time, which is different
from the first embodiment. As for the coded blocks then used
for the reference, the three blocks in the position of the blocks
B, C and D for the current block X are used as in FIG. 4A.
However, when the blocks located as such are neither coded
nor situated outside the picture nor outside the slice, either a
value 0 or other arbitrary value can be substituted.

The table selecting unit 1001 calculates a sum of a length of
a bit stream which is created as a result of coding the numbers
of'the coefficients in the reference blocks using both the code
table and the VLC table at the same time and determines it as
an evaluation value. FIG. 14 is a pattern diagram showing a
method to perform coding for the numbers of coefficients in
the three reference blocks using the code tables and the VL.C
tables and calculate the sum of the length of the gained bit
stream so as to determine it as the estimation value. Then, the
table selecting unit 1001 performs this processing to all the
combinations of the code tables and the VLC tables stored in
the code table storing unit 202 as well as the VLC table storing
unit 205 and selects a combination of a code table and a VLC
table in which the gained evaluation value is the smallest.

The coefficient number encoder 206 refers to the code table
and the VLC table selected by the table selecting unit 1001
and performs variable length coding of the number of the
coefficients in the current block which is inputted in the same
way as described in the first embodiment.

In the present embodiment as shown above, it is possible to
perform coding for the numbers of the coefficients in the
neighboring blocks which are coded using the code table and
the VLC table and determine the sum of the length of the bit
stream at that time as an estimation value so as to perform
efficiently the coding of the number of coefficients even for
the picture whose apparition frequency of coefficients is
uneven.

As forthe coded blocks then used for the reference, the case
in which only two blocks in the position of blocks B and D in
stead of using three blocks in the position of blocks B, C and
D for the current block X as shown in FIG. 4A are used can be
treated in the same way. In this regard, when the blocks
located above and on the left are neither coded nor situated
outside the picture nor outside the slice, either a value 0 or
other arbitrary value can be substituted.
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Inthe present embodiment, the coefficient number encoder
111 performs variable length coding for the value of the
number of coefficients itself. However, as in the first embodi-
ment, it is possible, as shown in FIG. 13, that a difference
value between the predictive value calculated by the predic-
tive value calculating unit 201 and the inputted value of the
number of coefficients is calculated by the difference value
calculating unit 207 and variable length coding is performed
for the gained value by the same processing as described in
the above-mentioned embodiments.

Also, in the present embodiment, the code table and the
VLC table are to be switched in the coefficient number
encoder 111, however, it is possible to fix either of them rather
than to switch between them.

Fifth Embodiment

FIG. 15 is a block diagram showing a structure of a picture
coding device in the fifth embodiment using a picture coding
method according to the present invention. A sequence of
coding processing is totally the same as the first embodiment.
The difference, however, is that the present embodiment does
not use the coefficient number storing unit 110 but employs
inter picture prediction mode in case of inter picture predic-
tion coding and intra picture prediction mode in case of intra
picture prediction coding as referring information at a coef-
ficient number encoder 1201 instead of using the number of
the coefficients in the coded blocks as in the first embodiment.

Here, regarding an explanation of variable length coding
processing at the coefficient number encoder 1201 shown in
FIG. 15, the detail is explained using FIG. 16, Chart 10 and
Chart 11.

FIG. 16 is a block diagram showing in detail an internal
structure of the coefficient number encoder 1201.

As shown in FIG. 16, the coefficient number encoder 1201
does not include the predictive value calculating unit 201
shown in Chart 3A. An inter picture prediction mode is input-
ted from an inter picture predicting unit 107 and an intra
picture prediction mode is inputted from an intra picture
predicting unit 108 to a code table selecting unit 1301 and a
VLC table selecting unit 1302. Consequently, the code table
selecting 1301 selects a table based on the mode: the inter
picture prediction mode for inter picture prediction and the
intra picture prediction mode for intra picture prediction.
Chart 10 shows a selection method for code tables at the code
table selecting unit 1301.

CHART 10

Inter picture

Reference table prediction mode Intra picture prediction mode

Code table 1 16 x 16,16 x 8, 8 x 16 Plane prediction

Code table 2 8x8 Oblique prediction

Code table 3 8x4,4%x8 Oblique prediction

Code table 4 4x4 Vertical and horizontal
prediction

For example, in case where the current picture is coded
using inter picture prediction, a code table 2 is selected
accordingly for variable length coding of the number of coet-
ficients when a prediction of the current block sized 8x8 is
selected. The items are not limited to those used in Chart 10.
Chart 11 shows a selecting method at the VL.C table selecting
unit 1302.
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CHART 11

Inter picture

Reference table prediction mode Intra picture prediction mode

VLC table 1 16 x 16,16% 8, 8 x 16 Plane prediction

VLC table 2 8x8 Oblique prediction
VLC table 3 8x4,4%8 Oblique prediction
VLC table 4 4x4 Vertical and horizontal

prediction

The VLC table selecting unit 1302 selects a VL.C table for
actual reference using a selection method shown in Chart 11
as in the case of the code table selecting unit 1301.

The coefficient number encoder 206 refers to the code table
selected by the code table selecting unit 1301 and a VL.C table
selected by the VLC table selecting unit 1302 and performs
variable length coding for the numbers of the coefficients in
the current block which is inputted in the same way as in the
first embodiment.

The present embodiment as shown above has shown a
coding method which realizes efficient coding of the number
of coefficients even for the picture whose apparition fre-
quency of coefficients is uneven, with reference to the code
table and the VLC table by switching between them adap-
tively according to the mode: inter picture prediction mode
for inter picture prediction coding and intra picture prediction
mode for intra picture prediction coding.

In the present embodiment, the coefficient number encoder
1201 performs variable length coding for the value of the
number of coefficients itself as in the first embodiment. How-
ever, it is possible, as in the first embodiment, to determine a
predictive value using the numbers of the coefficients in the
neighboring blocks which are coded as in the first embodi-
ment and obtain a difference value between this predictive
value and the inputted value of the number of coefficients so
as to perform variable length coding for the gained value in
the same processing as in the above-mentioned embodiments.

Also, in the present embodiment the coefficient number
encoder 1201 performs variable length coding by switching
both the code table and the VL.C table. It is, however, possible
to fix either of them rather than switching either or both of
them. In this case, this is realized by preparing only a storing
unit which has one certain type of code tables or one certain
type of VLC tables in stead of using table selecting units.

Sixth Embodiment

FIG. 17 is a block diagram showing a structure of an
embodiment of a picture decoding device using a picture
decoding method according to the present invention. The bit
stream created by the picture coding device according to the
first embodiment shall be inputted here.

The picture decoding device includes a bit stream analyz-
ing unit 1401, a coefficient number storing unit 1402, a coet-
ficient number decoder 1403, a coefficient value decoder
1404, an inverse quantizing unit 1405, an inverse orthogonal
transforming unit 1406, a frame memory 1407, an inter pic-
ture prediction decoder 1408, an intra picture prediction
decoder 1409 and a switch 1410.

The bit stream analyzing unit 1401 extracts from the input-
ted bit stream various types of information such as a coding
mode, motion vectors used for coding, a bit stream of the
number of coefficients (the number of coefficients showing a
spatial frequency component which has a value other than 0
for each block) and various types of information on the bit
stream of the value of the coefficients. The coefficient number
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storing unit 1402 stores the numbers of the coefficients of the
decoded blocks. The coefficient number decoder 1403
decodes the bit stream of the numbers of coefficients by
referring to the numbers of the coefficients in the decoded
blocks.

The coefficient value decoder 1404 decodes the bit stream
of the value of the coefficients using the numbers of coeffi-
cients decoded by the coefficient number decoder 1403. The
inverse quantizing unit 1405 performs inverse quantization to
the decoded coefficients. The inverse orthogonal transform-
ing unit 1406 performs inverse orthogonal transformation to
the data inversely quantized and transforms it to predictive
residual picture data.

The inter picture prediction decoder 1408 creates motion
compensation picture data based on the motion vectors
extracted by the bit stream analyzing unit 1401 as well as
decoded pictures or the like when a current macroblock to be
decoded is coded with inter picture prediction. An addition
calculating unit 1411 adds the predictive residual picture data
inputted from the inverse orthogonal transforming unit 1406
and the motion compensation picture data inputted from the
inter picture prediction decoder 1408 so as to create decoded
picture data. The frame memory 1407 stores the created
decoded picture data.

The intra picture prediction decoder 1409 performs intra
picture prediction using information on the adjacent decoded
blocks so as to create decoded picture data when the current
macroblock is coded with intra picture prediction.

Next, an explanation of an operation of a picture decoding
device as constructed above follows.

As a start, a bit stream is inputted to the bit stream analyz-
ing unit 1401. The bit stream analyzing unit 1401 extracts
from the inputted bit stream various types of information on
motion vectors, a bit stream of the number of coefficients and
a bit stream of the value of the coefficients and so on. Then,
the bit stream analyzing unit 1401 outputs respectively as
follows: the motion vectors to the inter picture prediction
decoding unit 1408, the bit stream of the number of coeffi-
cients to the coefficient number decoder 1403 and the bit
stream of the value of the coefficients to the coefficient value
decoder 1404.

The coefficient number decoder 1403 to which the bit
stream of the number of coefficients is inputted decodes this
bit stream as the number of coefficients which has a value
other than O for each block. In this case, the coefficient num-
ber decoder 1403 performs decoding by referring to the num-
bers of coefficients in the decoded blocks stored in the coef-
ficient number storing unit 1402 with a method which is to be
explained later on. Then, the coefficient value decoder 1404
performs decoding of the value of the coefficients itself with
reference to the code tables and the VL.C tables necessary for
variable length decoding by switching between them using
number information of the coefficient gained by the coeffi-
cient number decoder 1403. The gained coefficient is trans-
formed into predictive residual picture data by the inverse
quantizing unit 1405 as well as the inverse orthogonal trans-
forming unit 1406.

The motion vectors extracted by the bit stream analyzing
unit 1401 are inputted to the inter picture prediction decoder
1408, when a current macroblock to be decoded is coded with
inter picture prediction. The inter picture prediction decoder
1408 creates motion compensation picture data by having
decoded picture data of the decoded pictures stored in the
frame memory 1407 as reference pictures, based on the infor-
mation on the motion vectors. The motion compensation
picture data thus gained is created as decoded picture data by
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being added to the predictive residual picture data at the
addition calculating unit 1411 and then stored in the frame
memory 1407.

On the other hand, when the current macroblock is coded
using intra picture prediction, intra picture prediction is per-
formed using information on the adjacent decoded blocks by
the intra picture prediction decoder 1409, and decoded pic-
ture data is created and stored in the frame memory 1407.
Then, the frame memory 1407 outputs it as definitive output
picture in display order.

The outline of a flow of decoding has been explained
above. Next, a decoding processing of the number of coeffi-
cients performed by the coefficient number decoder 1403 is
explained in detail using FIG. 18~FIG. 21.

FIG. 18A is a block diagram showing in detail an internal
structure of the coefficient number decoder 1403.

Here, an example of using two tables of a VL.C table and a
code table for performing variable length decoding of the
numbers of coefficients. The VLC table is a table used for
transforming variable length code in a bit stream into a code
number whereas the code table is table used for transforming
the code number gained by the VLC table into the number of
coefficients.

As shown in FIG. 18A, the coefficient number decoder
1403 includes a predictive value calculating unit 1501, a code
table storing unit 1502, a code table selecting unit 1503, a
VLC table selecting unit 1504, a VL.C table storing unit 1505
and a coefficient number decoder 1506.

Firstly, the numbers of the coefficients in the decoded
blocks located on the periphery are inputted from the coeffi-
cient number storing unit 1402 as shown in FIG. 17 to the
predictive value calculating unit 1501. The predictive value
calculating unit 1501 determines a predictive value by calcu-
lating an average value of these values. A maximum value, a
minimum value or a medium value may be used according to
the predictive value calculating method for coding. The
decoded blocks to be then referred to are determined follow-
ing Chart 1 using three blocks in the position of blocks B, C
and D for the current block X shown in FIG. 4A, as in the first
embodiment. As for signs in Chart 1, a sign O signifies a
coded block and a sign X signifies a block which can not be
referred to since it is either not decoded or situated outside the
picture or outside the slice. Chart 1 shows a relation between
conditions of the reference blocks and the block(s) which can
be referred to, however, the patterns are not limited to this. If
no reference blocks are found, either a value O or other arbi-
trary value can be given directly as a predictive value.

The code table selecting unit 1503 selects a code table for
actual use from a plurality of code tables stored in the code
table storing unit 1502, according to the predictive value
calculated by the predictive value calculating unit 1501.

Cart 2 is an example of a code table which relates numbers
of coefficients and code numbers, prepared in advance by the
code table storing unit 1502. Here, four types of code tables
are prepared; however, the numbers of types of tables and the
values indicated in the tables are not limited to those used in
Chart 2. In this case, however, the same table as the one used
for coding shall be used. Also, Chart 3 shows selection criteria
for code tables based on a predictive value. The way of assign-
ing the predictive value or the items of table is not limited to
those used in Chart 3. However, the same table as the one used
for coding shall be used.

The VLC table selecting unit 1504 selects a VL.C table for
actual use from a plurality of VLC tables stored in the VL.C
table selecting unit 1505 according to the predictive value
calculated by the predictive value calculating unit 1501.
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Chart 4 shows an example of a VLC table which relates
number of coefficients and code numbers, prepared in
advance by the VLC table storing unit 1505. Here, four types
of VLC tables are prepared, however, the numbers of types of
tables and the values indicated in the tables are not limited to
those used in Chart 4. However, in this case, the same table as
the one used for coding shall be used. Also, Chart 5 shows
selecting criteria for VLC tables based on a predictive value.
The way of assigning the predictive value and the items
indicated in the reference tables are not limited to those used
in Chart 5. However, in this case, it is conditioned to use the
same table as the one used for coding.

The coefficient number decoder 1506 refers to the code
table as well as the VL.C table selected in the above processing
and performs variable length decoding for a bit stream of the
number of the coefficients in the inputted current block. The
coefficient number decoder 1506 first transforms the number
of coefficients into a code number using the VL.C table and
then transforms it into a value of the number of coefficients
corresponding to the code number using the code table. FIG.
19 is a pattern diagram showing an example of decoding
when a predictive value calculated at the predictive value
calculating unit 1501 is “6” and a bit stream of the number of
coefficients in the current block is “0100”. The predictive
value being “6”, the code table selecting unit 1503 selects a
code table 3 shown in FIG. 19 using Chart 3 and Chart 2, and
the VLC table selecting unit 1504 selects a VI.C table 3 shown
in FIG. 19 using Chart 5 and Chart 4. The coefficient number
decoder 1506 transforms the inputted bit stream “0100” into
a code number “2” according to the VL.C table 3 and then
determines the definitive number of coefficients “4” accord-
ing to the code table.

The following describes in detail storing processing of the
number of coefficients performed by the coefficient number
storing unit 1402, the detail is explained. F1G. 6 A used for the
description of the first embodiment is used here, however, a
black boarder containing blocks coded B1~B16 shows a cur-
rent macroblock to be decoded whereas hatched blocks show
reference blocks for the current macroblock. The numbers put
for the blocks indicates an order of decoding performed
within the macroblock.

The coefficient number storing unit 1402 stores the num-
bers of coefficients decoded by the coefficient number
decoder 1403, at least for the reference blocks which are
hatched as shown in FIG. 6A necessary for the current mac-
roblock at the time of starting the processing of the current
macroblock shown in FIG. 6 A. Namely, the coefficient num-
ber storing unit 1402 stores the number of the coefficients
detected from the blocks of the current macroblock (B1, B2,
B3, ...and B16) which are to be processed sequentially. For
example, when a block B6 is a current block, the coefficient
number storing unit 1402 stores the numbers of each coeffi-
cient of the block B1, B2, B3, B4 and B5 which are already
processed, in addition to those of the reference blocks as
shown in FIG. 6A. When the coefficient number decoder
1403 decodes the number of coefficients of the block B6, the
coefficient number storing unit 1402 stores it. The coefficient
number storing unit 1402 thus stores the numbers of the
coefficients of the blocks in the current macroblock, which
are to be processed sequentially.

When a current macroblock is a macroblock MB11 shown
in FIG. 2B, the coefficient number storing unit 1402 at least
stores the numbers of the coefficients of the blocks in the
bottom row and in the right column of the macroblock MB11
(hatched blocks) in FIG. 7A when the processing of this
macroblock MB11 terminates and shifts to the next macrob-
lock MB12. Next, the coefficient number storing unit 1402 at
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least stores the numbers of the coefficients of the blocks in the
bottom row and in the right column of the macroblock MB12
in the same way as well as the numbers of the coefficients of
the blocks in the bottom row of the macroblock MB11
(shaded blocks) as shown in FIG. 7B when the processing of
the macroblock MB12 terminates and the processing pro-
ceeds to the next macroblock MB13.

When a current macroblock is located at the right edge of
the picture as in a macroblock MB9 shown in FIG. 2B, the
coefficient number storing unit 1402 at least stores the num-
bers of the coefficients of the blocks in the bottom row of the
macroblock MB9 when the processing of this macroblock
MB9 terminates and proceeds to the next macroblock MB10.

When a current block is located at the bottom edge of the
picture as a macroblock MBm shown in FIG. 2B, the coeffi-
cient number storing unit 1402 at least stores the numbers of
the coefficients of the blocks in the right column of this
macroblock MBm (hatched blocks) as shown in FIG. 7C.

Thus the coefficient number storing unit 1402 at least
stores the numbers of coefficients for the blocks to be referred
to. It is possible to delete, in an arbitrary timing, the informa-
tion on the numbers of coefficients of the blocks other than
those to be stored as described in the above explanation when
the blocks are no longer used for reference. For example, it is
possible to delete the information when processing proceeds
to the next macroblock as well as while processing the mac-
roblock. Also, the numbers of the coefficients of the blocks
which are not used for reference do not always need process-
ing of deleting. For instance, the coefficient number storing
unit 1402 may identity the numbers of coefficients of the
blocks which are not referred to any longer as unnecessary
and may overwrite to them if necessary.

It is explained above that it is possible to refer to the
numbers of the coefficients of the decoded blocks by storing
them in the coefficient number storing unit 1402. However, a
system for calculating the number of coefficients, may be
used, if necessary, by storing not the values of the number of
coefficients themselves but, for instance, the values of the
coefficients of the blocks, indicating spatial frequency com-
ponents.

Thus, in the present embodiment, it is possible to calculate
the predictive value using the numbers of coefficients in the
decoded adjacent blocks and decode the number of coeffi-
cients with reference to the code table and the VLC table by
switching between them adaptively according to the predic-
tive value.

Also, it handles the changes in a position where the appa-
rition probability of the number of coefficients is the highest,
with reference to the code tables by switching them adap-
tively according to the predictive value. At the same time, it
can correspond to a size of the dispersion of the apparition
probability of the number of coefficients with reference to the
VLC tables by switching them according to the predictive
value. It is possible to use only two blocks in the position of
the blocks B and D as the blocks to be referred to by the
predictive value calculating unit 1501 for the current block X
as shown in FIG. 4B instead of using three neighboring blocks
as shown in FIG. 4A. In this case, changes in the reference
blocks can be made as in Chart 6 when the blocks are either
notdecoded or located outside the picture or outside the slice.
As for the signs in Chart 6, a sign O signifies a decoded block
and a sign X signifies a block which can not be referred to
since it is either not decoded or situated outside the picture or
outside the slice, as in Chart 1. Chart 6 shows a relation
between conditions of the reference blocks and the block(s)
which can be referred to, however, the patterns are not limited
to this. Fither a value 0 or other arbitrary value is given
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directly as a predictive value when no reference blocks are
found. However, the same value as the one used for coding
shall be used. In this case, the coefficient number storing unit
1402 may only store the numbers of coefficients decoded by
the coefficient number decoder 1403, at least those of the
reference blocks necessary for the current macroblock,
shown in FIG. 6B.

It is also possible, as a method to calculate a predictive
value at the predictive value calculating unit 1501, for
example, to select an optimal method according to each
sequence, each GOP, each picture or each slice rather than to
fix the method of using either of an average value, a maximum
value, a minimum value or a medium value. In this case, a
calculating method is determined by decoding the signals for
identifying a calculation method described in the header sec-
tion of the sequence or the picture or the slice, of the bit
stream. The slice is a picture further divided into a plurality of
sections. A section equivalent to one column in transverse
direction in each macroblock is an example of this.

Also, it is possible to select, for example, either of an
average value, a maximum value, a minimum value or a
medium value according to the average value of the numbers
of coefficients in the decoded reference blocks as a method to
calculate a predictive value at the predictive value calculating
unit 1501. Chart 7 shows the selection criteria. The way of
assigning the average value and the items indicated as pre-
dictive value calculation methods are not limited to those used
in Chart 7. In this regard, the same method as the one used for
coding shall be used.

The present embodiment shows a decoding processing
method of a bit stream in which variable length coding is
performed for the values of the number of coefficients them-
selves by the coefficient number decoder 1403. It is, however,
possible to perform decoding of a bit stream in which variable
length coding is performed for a difference value between the
predictive value and the number of coefficients. In this case,
the number of coefficients is determined by the fact that the
addition calculating unit 1507 adds the predictive value cal-
culated by the predictive value calculating unit 1501 to the
difference value of the number of coefficients decoded by the
coefficient number decoder 1506.

Also, the coefficient number decoder 1403 performs vari-
able length decoding by switching both the code table and the
VLC table according to the predictive value based on the
numbers of the coefficients of the neighboring blocks. It is,
however, possible to fix either of them rather than to switch
between them. In this case, this is realized by preparing a
storing unit which has either one certain type of code tables or
one certain type of VLC tables. FIG. 20A is a block diagram
showing a structure of the coefficient number decoder 1403
for performing variable length decoding of the number of
coefficients by fixing only the code table. FIG. 20 B is a block
diagram showing a structure of the coefficient number
decoder 1403 for performing variable length decoding of the
number of coefficients by fixing only the VL.C table. In case of
fixing only the code table, the coefficient number decoder
1403 as shown in FIG. 20A includes a code table storing unit
1601 in stead of the code table storing unit 1502 and the code
table selecting unit 1503 shown in FIG. 18A. The code table
storing unit 1601 has one certain type of code tables. The
coefficient number decoder 1506 first transforms variable
length code into a code number using the VLC table selected
by the VL.C table selecting unit 1504 and then transforms the
code number into the number of coefficients using the code
table stored in the code table storing unit 1601.

On the other hand, in case of fixing only the VL.C table, the
coefficient number decoder 1403 as shown in FIG. 20B
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includes a VL.C table storing unit 1602 in stead of the VL.C
table storing unit 1505 and the VL.C table selecting unit 1504
shown in FIG. 18A. The VLC table storing unit 1602 has one
certain type of VLC table. The coefficient number decoder
1506 firstly transforms a variable length code into a code
number using the VL.C table stored in the VLC table storing
unit 1602 and then transforms the code number into the num-
ber of coefficients using the code table selected by the code
table selecting unit 1503.

Thus it is possible to reduce memory capacity for storing a
plurality of tables by fixing either of a code table and a VL.C
table.

It is also possible to perform variable length decoding in
the coefficient number decoder 1403 by switching only the
VLC tables without using code tables, according to the pre-
dictive value based on the numbers of the coefficients of the
neighboring blocks. FIG. 20C is a block diagram showing a
structure of the coefficient number decoder 1403 when per-
forming variable length decoding of the coefficient number
using only a VL.C table without using code tables. In this case,
as shown in FIG. 20C, the coefficient number decoder 1403
includes neither the code table storing unit 1502 nor the code
table selecting unit 1503 shown in FIG. 18A. In the coefficient
number decoder 1403, the VLC table selecting unit 1603
selects the VLC table for actual use from a plurality of VL.C
tables stored in the VL.C table storing unit 1604, based on the
predictive value calculated by the predictive value calculating
unit 1501. Then, the coefficient number decoder 1506 trans-
forms directly a variable length code into the number of
coefficients without transforming the number of coefficients
into a code number using the code table as described above.

Thus by fixing either of the code table or the VL.C table in
stead of switching between them, the throughput for switch-
ing tables can be reduced or an amount of memory for storing
a plurality of tables can be reduced although the effects of
coding efficiency decreases more or less.

Also, a case in which the coefficient number decoder 1403
decodes a bit stream in which variable length coding is per-
formed to the difference value between the predictive value
and the number of coefficients, in stead of the value of the
number of coefficients, can be handled in the same way. FI1G.
21 is a block diagram of'its example showing a structure of the
coefficient number decoder 1403 for performing decoding of
the bit stream in which variable length decoding is performed
to the difference value between the predictive value and the
number of coefficients by fixing both the code table and the
VLC table. In this case, as shown in FIG. 21, the coefficient
number decoder 1403 includes a code table storing unit 1601
in stead of the code table storing unit 1502 and the code table
selecting unit 1503 shown in FIG. 18A as well as a VLL.C table
storing unit 1602 in stead of the VL.C table storing unit 1505
and the VLC table selecting unit 1504 shown in FIG. 18A.
This code table storing unit 1601 has one certain type of code
tables whereas the VL.C table storing unit 1602 has one cer-
tain type of VLC table. The coefficient number decoder 1506
first transforms a variable length code into a code number
using the VL.C table stored in the VL.C table storing unit 1602
and then transforms the code number into a difference value
between the predictive value and the number of coefficients
using the code table stored in the code table storing unit 1601.
The addition calculating unit 1507 calculates the number of
coefficients by adding the difference value to the predictive
value.
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Seventh Embodiment

The structure of the picture decoding device and the outline
of'the decoding processing are totally the same as in the sixth
embodiment, apart from the coefficient number decoder 1403
shown in FIG. 17. As for a variable length decoding process-
ing of the number of coefficients performed at the coefficient
number decoder 1403 according to the seventh embodiment,
the detail is explained here using FIGS. 11 and 22. The bit
stream created at the picture coding device according to the
second embodiment shall be inputted.

FIG. 22A is a block diagram showing in detail an internal
structure of the coefficient number decoder 1403.

As shown in FIG. 22A, the coefficient number decoder
1403 includes a code table generating unit 1901 in stead of the
code table storing unit 1502 and the code table selecting unit
1503 shown in FIG. 18A. The numbers of coefficients in the
decoded blocks are inputted from the coefficient number stor-
ing unit 1402 shown in FIG. 17 to the code table generating
unit 1901. The code table generating unit 1901 counts the
number of the decoded blocks having the same number of
coefficients as the value of the number of coefficients at each
value of the number of coefficients and creates code tables by
assigning code numbers in descending order starting from a
number of coefficients which recorded the highest frequency
based on the statistic. FIG. 11A is a pattern diagram present-
ing a position of decoded blocks targeted for statistics. Here,
a P1, a P3 and a P4 are pictures in which inter picture predic-
tion is performed whereas an 12 is a picture in which intra
picture prediction is performed. Supposing that a current
block to be decoded belongs to the P3, all the blocks in the P1,
a picture immediately preceding the current picture decoded
with the same method, are targeted for statistics. The case in
which the blocks equivalent to one picture including the
decoded blocks in the current picture are targeted for statistics
can be handled in the same way. Also, a table for the initial
condition in ascending order starting from the value O is used
when the decoded blocks equivalent to one picture which can
be targeted for statistics do not exist. Here, the blocks equiva-
lent to one picture are targeted for statistics, however, the case
in which the number of blocks other than this is used as a
parameter can be handled in the same way. In this regard, the
same number as the one used for coding shall be used. In the
case of generating the code table as described above by mak-
ing reference as shown in FIG. 11A, the table may be gener-
ated only once when encoding of the current picture is started.

Meanwhile, the numbers of coefficients in the decoded
blocks located on the periphery are inputted to the predictive
value calculating unit 1501. The predictive value calculating
unit 1501 determines the predictive value by calculating an
average value based on these values as in the sixth embodi-
ment. A maximum value, a minimum value or a medium
value may be used in stead of the average value as a method
to determine the predictive value. As in the sixth embodiment,
the decoded blocks then used as reference, are determined
using the three blocks located in the position of the blocks B,
C and D for the current block X shown in FIG. 4A according
to Chart 1. Chart 1 shows a relation between conditions of the
reference blocks and the block(s) which can be referred to,
however, the patterns are not limited to this. Either a value 0
or other arbitrary value is given directly as a predictive value
when no reference blocks are found. In this regard, the same
value as the one used for coding shall be used.

The predictive value calculated by the predictive value
calculating unit 1501 is used only in the VLC table selecting
unit 1504. The VLC table selecting unit 1504 selects, as in the
sixth embodiment, a VLC table for decoding the number of
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coefficients from a plurality of VLC tables prepared before-
hand in the VL.C table storing unit 1505 as shown in Chart 4,
according to the selection criteria shown in Chart 5.

The coefficient number decoder 1506 refers to the code
table created by the code table generating unit 1901 and the
VLC table selected by the VLC table selecting unit 1504 and
performs variable length decoding for the bit stream of the
number of coefficients inputted in the same way as in the sixth
embodiment.

Thus, in the present embodiment, it is possible to create a
code table by taking statistics of the numbers of coefficients in
the decoded blocks and determine a VL.C table according to
the predictive value calculated using the numbers of the coef-
ficients in the decoded blocks and perform the decoding of the
number of coefficients by referring to both of the tables.

It is also possible to determine the decoded blocks to be
used for reference at the predictive value calculating unit
1501 as in the sixth embodiment according to Chart 6, using
only two blocks located in the position of the blocks B and D
with respect to the current block X shown in FIG. 4B, in stead
of using three adjacent blocks as shown in FIG. 4A. Chart 6
shows a relation between conditions of the reference blocks
and the block(s) which can be referred to, however, the pat-
terns are not limited to this. Either a value O or other arbitrary
value is given directly as a predictive value when no reference
blocks are found. In this regard, the same value as the one
used for coding shall be used.

It is also possible, as a method to calculate a predictive
value at the predictive value calculating unit 1501, for
example, to select an optimal method according to each
sequence, each GOP, each picture or each slice rather than to
fix the method to use either of an average value, a maximum
value, a minimum value or a medium value. In this case, the
calculation method is determined by decoding the signals for
identifying the calculating method described in the header of
the sequence, the GOP or the picture or the slice, of the bit
stream.

Also, it is possible to select, for example, either of an
average value, a maximum value, a minimum value or a
medium value according to the average value of the numbers
of coefficients in the decoded reference blocks as a method to
calculate a predictive value at the predictive value calculating
unit 1501. Chart 7 shows its selection criteria. The way of
assigning the average value and the items indicated as pre-
dictive value calculation methods are not limited to those used
in Chart 7. In this regard, the same method as the one used for
coding shall be used.

Also, the present embodiment shows a decoding process-
ing method of a bit stream in which variable length coding is
performed to the values of the number of coefficients them-
selves. It is, however, possible to perform decoding of a bit
stream in which variable length coding is performed to a
difference value between a predictive value and the number of
coefficients. In this case, the number of coefficients is deter-
mined by the fact that the addition calculating unit 1507 adds
the difference value between the predictive value calculated
at the predictive value calculating unit 1501 as shown in FIG.
22 to the number of coefficients decoded by the coefficient
number decoder 1506.

Also, in the above-mentioned embodiment, the coefficient
number decoder 1403 performs variable length decoding by
switching the VLC tables according to the predictive value
based on the numbers of the coefficients in the adjacent
blocks. It is, however, possible to fix the table rather than to
switch between the tables as in the sixth embodiment. In this
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case, this is realized by using only a VL.C table storing unit
which has one certain type of VL.C tables, in stead of using the
VLC table selecting unit.

Eighth Embodiment

The structure of the picture decoding device and the outline
of'the decoding processing are totally the same as in the sixth
embodiment, apart from the coefficient number decoder 1403
shown in FIG. 17. As for variable length decoding processing
of the number of coefficients performed by the coefficient
number decoder 1403 according to the eighth embodiment,
the detail is explained here using FIG. 23, Chart 8 and Chart
9. The bit stream created by the picture coding device accord-
ing to the third embodiment shall be inputted.

FIG. 23A is a block diagram showing in detail an internal
structure of the coefficient number decoder 1403.

As shown in FIG. 23A, the coefficient number decoder
1403 does not include the predictive value calculating unit
1501 shown in FIG. 18A. A code table selecting unit 2001 and
aVLC table selecting unit 2002 select a table for actual use by
using directly the numbers of coefficients in the decoded
blocks without using a predictive value, which is different
from the sixth embodiment. As for the decoded blocks then
used for the reference shown in FIG. 4B, only two blocks in
the position of the block B (above) and the block D (left) with
respect to the current block X are used. However, when the
blocks located above and on the left are neither decoded nor
situated outside the picture nor outside the slice, either a value
0 or other arbitrary value can be substituted. In this regard, the
same value as the one used for coding shall be used.

Chart 8 shows a selection method for code tables at the
code table selecting unit 2001. The code table selecting unit
2001 classifies into two groups the respective numbers of
coefficients in the blocks situated above and on the left of the
current block, as shown in Chart 8, according to the value, and
selects a table using a combination of the four thus formed.
The method to classify the number of coefficients in the upper
and the left blocks and the way to assign the code tables are
not limited to those used in Chart 8. In this regard, the same
method as the one used for coding is used in this case. Also,
the VLC table selecting unit 2002 selects a VLC table for
actual reference using the selection method shown in Chart 9,
as in the case of the code table selecting unit 2001.

The coefficient number decoder 1506 refers to the code
table selected by the code table selecting unit 2001 and the
VLC table selected by the VLC table selecting unit 2002 and
performs variable length decoding for the number of coeffi-
cients in the current block which is inputted in the same way
as in the sixth embodiment.

The present embodiment as shown above, by classifying
the number of coefficients in the decoded blocks located
above and on the left of the current block into “N” group(s)
according to the value with reference to the code table and the
VLC table, according to the combination of NxN ways then
formed, and by switching between them adaptively, it is pos-
sible to perform efficiently the decoding of the number of
coefficients.

The present embodiment shows a decoding processing
method of a bit stream in which variable length coding is
performed to the values of the number of coefficients them-
selves. It is, however, possible to perform decoding of a bit
stream in which variable length coding is performed to a
difference value between the predictive value and the number
of coefficients. In this case, the number of coefficients is
determined by the fact that the addition calculating unit 1507
adds the difference value between the predictive value calcu-
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lated at the predictive value calculating unit 1501 to the num-
ber of coefficients decoded by the coefficient number decoder
1506.

Also, the coefficient number decoder 1403 performs vari-
able length decoding by switching both the code table and the
VLC table according to the numbers of coefficients in the
neighboring blocks. It is, however, possible to fix either of
these tables rather than to switch between them as in the sixth
embodiment. In this case, this is realized by using a storing
unit which has either one certain type of code tables or one
certain type of VLC tables, in stead of using the table select-
ing units. Furthermore, it is possible to perform variable
length decoding by switching only the VLC tables without
using code tables according to the numbers of coefficients in
the adjacent blocks, as in the sixth embodiment.

Ninth Embodiment

The structure of the picture decoding device and the outline
of the decoding processing according to the present embodi-
ment are totally the same as the sixth embodiment apart from
the coefficient number decoder 1403 shown in FIG. 17.
Regarding variable length decoding processing of the number
of coefficients performed by the coefficient number decoder
1403 according to the ninth embodiment, the detail is
explained here using FIGS. 24 and 14. The bit stream created
by the picture coding device according to the fourth embodi-
ment shall be inputted.

FIG. 24A is a block diagram showing in detail an internal
structure of the coefficient number decoder 1403.

As shown in FIG. 24A, the coefficient number decoder
1403 includes a table selecting unit 2101 instead of the pre-
dictive value calculating unit 1501, the code table selecting
unit 1503 and the VLC table selecting unit 1504 shown in
FIG. 18A. The table selecting unit 2101 uses directly the
number of the coefficients in the decoded blocks without
using a predictive value and selects a table for actual use by
evaluating both the code table and the VL.C table at the same
time, which is different from the sixth embodiment. As for the
decoded blocks then used for the reference, the three blocks in
the position of the blocks B, C and D with respect to the
current block X are used as in FIG. 4A. In this regard, when
the blocks thus located are neither decoded nor situated out-
side the picture nor outside the slice, either a value O or other
arbitrary value is substituted as the number of coefficients.
However, the same value as the one used for coding shall be
used.

As shown in FIG. 14, the table selecting unit 2101 calcu-
lates a sum of a length of a bit stream which is created as a
result of coding the numbers of the coefficients in the refer-
ence blocks using both the code table and the VL.C table at the
same time and determines it as an evaluation value as in the
fourth embodiment. Then, the table selecting unit 2101 per-
forms this processing for all the combinations of the code
table and the VLC table stored in the code table storing unit
1502 as well as the VLC table storing unit 1505 and selects a
combination of a code table and a VLC table in which the
gained evaluation value is the smallest.

The coefficient number decoder 1506 refers to the code
table and the VLC table selected by the table selecting unit
2101 and performs variable length coding for the number of
the coefficients in the current block which is inputted in the
same way as in the sixth embodiment.

Thus, in the present embodiment, the coding is performed
for the numbers of coefficients in the neighboring blocks
which are decoded using the code table and the VL.C table, an
estimation value is determined using the sum of the length of
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the bit stream at that time and decoding is performed for the
number of coefficients by referring to the code table and the
VLC table whose combination generates the smallest evalu-
ation value.

As for the decoded blocks used for reference by the table
selecting unit 2101, a case of using only two blocks located in
the position of the blocks B and D with respect to the current
block X as shown in FIG. 4B in stead of using three neigh-
boring blocks shown in FIG. 4A, can be handled in the same
way as in the sixth embodiment. In this regard, when the
blocks thus located are neither decoded nor situated outside
the picture nor outside the slice, either a value O or other
arbitrary value can be substituted as a number of coefficients.

Also, the present embodiment shows a decoding process-
ing method of a bit stream in which variable length coding is
performed for the values of the number of coefficients them-
selves. It is, however, possible to perform decoding of a bit
stream in which variable length coding is performed for a
difference value between the predictive value and the number
of coefficients. In this case, the number of coefficients is
determined by the fact that the addition calculating unit 1507
adds the difference value between the predictive value calcu-
lated by the predictive value calculating unit 1501 to the
number of coefficients decoded by the coefficient number
decoder 1506, as shown in FIG. 24B.

Also, in the present embodiment, the code table and the
VLC table are targeted for switching in the coefficient num-
ber decoder 1403, however, it is possible to fix either of them
rather than to switch between them.

Tenth Embodiment

The structure of the picture decoding device and the outline
of the decoding processing according to the present embodi-
ment are totally the same as in the sixth embodiment, apart
from the coefficient number decoder 1403 shown in FIG. 17.
The present embodiment uses an inter picture prediction
mode for inter picture prediction decoding and an intra pic-
ture prediction mode for intra picture prediction decoding as
referring information at the coefficient number decoder 1403
in stead of the numbers of coefficients in the decoded blocks
as in the sixth embodiment. The bit stream which is created at
the picture coding device according to the fifth embodiment
shall be inputted.

Here, regarding variable length decoding processing of the
number of coefficients performed by the coefficient number
decoder 1403 shown in FIG. 17, the detail is explained with
reference to FIG. 25.

FIG. 25 is a block diagram showing in detail an internal
structure of the coefficient number decoder 1403.

As shown in FIG. 25, the coefficient number decoder 1403
does not include the predictive value calculating unit 1501
shown in FIG. 18A. The inter picture prediction mode for
inter picture prediction decoding and the intra picture predic-
tion mode for intra picture prediction decoding are inputted
from the bit stream analyzing unit 1401 to a code table select-
ing unit 2201 as well as a VL.C table selecting unit 2202. The
code table selecting unit 2201 selects a table to be used based
on the mode: the inter picture prediction mode for inter pic-
ture prediction decoding and the intra picture prediction
mode for intra picture prediction decoding. Chart 10 shows a
selection method for the code tables stored in the code table
selecting unit 2201.

For example, in case where the current picture is decoded
using inter picture prediction, a code table 2 is selected
accordingly for variable length decoding of the number of
coefficients when the size of the current block 8x8 is selected
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for prediction. The items are not limited to those used in Chart
10. In this regard, the same items as the ones used for coding
shall be used.

Also, the VL.C table selecting unit 2202 selects a VL.C table
for actual reference using the selection method as shown in
Chart 11 as in the case of the code table selecting unit 2201.

The coefficient number decoder 1506 refers to the code
table selected by the code table selecting unit 2201 as well as
to the VL.C table selected by the VLLC table selecting unit 2202
s0 as to perform variable length decoding of the number of the
coefficients in the current block which is inputted in the same
way as in the sixth embodiment.

Thus in the present embodiment can perform decoding of
the number of coefficients by referring to the code table and
the VL.C table in switching between them adaptively accord-
ing to the mode: the inter picture prediction mode for inter
picture prediction decoding and the intra picture prediction
mode for intra picture prediction decoding.

The present embodiment shows a decoding processing
method of a bit stream in which variable length coding is
performed to the values of the number of coefficients them-
selves. It is, however, possible to perform decoding of a bit
stream in which variable length coding is performed to a
difference value between a predictive value and a number of
coefficients. In this case, the predictive value is determined by
using the numbers of the coefficients in the adjacent decoded
blocks and the number of coefficients is determined by adding
this value to the difference value of the number of coeffi-
cients, which is decoded by the coefficient number decoder
1506, as in the sixth embodiment.

Also, in the present embodiment, the coefficient number
decoder 1403 performs variable length decoding by switch-
ing both of the code table and the VL.C table. It is, however,
possible to fix them rather than switching either or both of
them. In this case, this is realized by preparing only a storing
unit which has either one certain type of code tables or one
certain type of VLC tables.

Eleventh Embodiment

If a program for realizing the structure of the coding
method or the decoding method as shown in the above-men-
tioned embodiments is recorded on a memory medium such
as a flexible disk, it becomes possible to perform the process-
ing as shown in these embodiments easily in an independent
computer system.

FIGS. 26A,26B and 26C are illustrations showing the case
where the processing shown in the 1~10 above-mentioned
embodiments is performed in a computer system using a
flexible disk which stores the coding method or the decoding
method of the above-mentioned embodiments.

FIG. 26B shows a full appearance of a flexible disk, its
structure at cross section and the flexible disk itself whereas
FIG. 26A shows an example of a physical format of the
flexible disk as amain body of a recording medium. A flexible
disk FD is contained in a case F, a plurality of tracks Tr are
formed concentrically from the periphery to the inside on the
surface of the disk, and each track is divided into 16 sectors Se
in the angular direction. Therefore, the flexible disk storing
the above-mentioned program stores the data as the afore-
mentioned program in an area assigned for it on the flexible
disk FD.

FIG. 26C shows a structure for recording and reading out
the program on the flexible disk FD. When the program is
recorded on the flexible disk FD The computer system Cs
writes in the data as the program via a flexible disk drive.
When the coding device and the decoding device are con-
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structed in the computer system by the program on the flex-
ible disk, the program is read out from the flexible disk by the
flexible disk drive and then transferred to the computer sys-
tem.

The above explanation is made on an assumption that a
flexible disk is used as a data recording medium, but the same
processing can also be performed using an optical disk. In
addition, the recording medium is not limited to a flexible
disk and an optical disk, but any other medium such as an IC
card and a ROM cassette capable of recording a program can
be used.

Following is an explanation of the applications of the pic-
ture coding method as well as the picture decoding method as
shown in the above-mentioned embodiments, and a system
using them.

FIG. 27 is a block diagram showing an overall configura-
tion of a content supply system ex100 for realizing content
distribution service. The area for providing communication
service is divided into cells of desired size, and cell sites
ex107~ex110 which are fixed wireless stations placed in
respective cells.

This content supply system ex100 is connected to devices
such as a computer ex111, a PDA (Personal Digital Assistant)
ex112, a camera ex113, a cell phone ex114 and a cell phone
with a camera ex115 via the Internet ex101, an Internet ser-
vice provider ex102, a telephone network ex104 and cell sites
ex107~ex110.

However, the content supply system ex100 is not limited to
the configuration as shown in FIG. 27 and may be connected
to a combination of any of them. Also, each device may be
connected directly to the telephone network ex104 not
through the cell sites ex107~ex110.

The camera ex113 is a device capable of shooting video
such as a digital video camera. The cell phone ex114 may be
a cell phone of a PDC (Personal Digital Communications)
system, a CDMA (Code Division Multiple Access) system, a
W-CDMA (Wideband-Code Division Multiple Access) sys-
tem or a GSM (Global System for Mobile Communications)
system, a PHS (Personal Handyphone System) or the like.

A streaming server ex103 is connected to the camera ex113
via the telephone network ex104 and the cell site ex109,
which realizes a live distribution or the like using the camera
ex113 based on the coded data transmitted from the user.
Either the camera ex113 or the server which transmits the data
may code the data. Also, the picture data shot by a camera
ex116 may be transmitted to the streaming server ex103 via
the computer ex111. In this case, either the camera ex116 or
the computer ex111 may code the picture data. An L.SI ex117
included in the computer ex111 or the camera ex116 actually
performs coding processing. Software for coding and decod-
ing pictures may be integrated into any type of storage
medium (such as a CD-ROM, a flexible disk and a hard disk)
that is a recording medium which is readable by the computer
ex111 or the like. Furthermore, a cell phone with a camera
ex115 may transmit the picture data. This picture data is the
data coded by the LSI included in the cell phone ex115.

The content supply system ex100 codes contents (such as a
music live video) shot by users using the camera ex113, the
camera ex116 or the like in the same way as shown in the
above-mentioned embodiments and transmits them to the
streaming server ex103, while the streaming server ex103
makes stream distribution of the content data to the clients at
their requests. The clients include the computer ex111, the
PDA ex112, the camera ex113, the cell phone ex114 and so on
capable of decoding the above-mentioned coded data. In the
content supply system ex100, the clients can thus receive and
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reproduce the coded data, and can further receive, decode and
reproduce the data in real time so as to realize personal broad-
casting.

When each device in this system performs coding or
decoding, the picture coding device or the picture decoding
device, as shown in the above-mentioned embodiments, can
be used.

A cell phone will be explained as an example of the device.

FIG. 28 is a diagram showing the cell phone ex115 using
the picture coding method and the picture decoding method
explained in the above-mentioned embodiments. The cell
phone ex115 has an antenna ex201 for communicating with
the cell site ex110 via radio waves, a camera unit ex203 such
as a CCD camera capable of shooting moving and still pic-
tures, a display unit ex202 such as a liquid crystal display for
displaying the data such as decoded pictures and the like shot
by the camera unit ex203 and received by the antenna ex201,
a body unit including a set of operation keys ex204, a voice
output unit ex208 such as a speaker for outputting voices, a
voice input unit 205 such as a microphone for inputting
voices, a storage medium ex207 for storing coded or decoded
data such as data of moving or still pictures shot by the
camera, data of received e-mails and data of moving or still
pictures, and a slot unit ex206 for attaching the storage
medium ex207 to the cell phone ex115. The storage medium
ex207 stores in itself a flash memory element, a kind of
EEPROM (Electrically Erasable and Programmable Read
Only Memory) that is a nonvolatile memory electrically eras-
able from and rewritable to a plastic case such as a SD card.

Next, the cell phone ex115 will be explained with reference
to FIG. 29. Inthe cell phone ex115, amain control unit ex311,
designed in order to control overall each unit of the main body
which contains the display unit ex202 as well as the operation
keys ex204, is connected mutually to a power supply circuit
unit ex310, an operation input control unit ex304, a picture
coding unit ex312, a camera interface unit ex303, an LCD
(Liquid Crystal Display) control unit ex302, a picture decod-
ing unit ex309, a multiplexing/demultiplexing unit ex308, a
read/write unit ex307, a modem circuit unit ex306 and a voice
processing unit ex305 via a synchronous bus ex313.

When a call-end key or a power key is turned ON by a
user’s operation, the power supply circuit unit ex310 supplies
respective units with power from a battery pack so as to
activate the camera attached digital cell phone ex115 as a
ready state.

In the cell phone ex115, the voice processing unit ex305
converts the voice signals received by the voice input unit
ex205 in conversation mode into digital voice data under the
control of the main control unit ex311 including a CPU, ROM
and RAM, the modem circuit unit ex306 performs spread
spectrum processing of the digital voice data, and the com-
munication circuit unit ex301 performs digital-to-analog con-
version and frequency transformation of the data, so as to
transmit it via the antenna ex201. Also, in the cell phone
ex115, the communication circuit unit ex301 amplifies the
data received by the antenna ex201 in conversation mode and
performs frequency transformation and analog-to-digital
conversion to the data, the modem circuit unit ex306 performs
inverse spread spectrum processing of the data, and the voice
processing unit ex305 converts it into analog voice data, so as
to output it via the voice output unit 208.

Furthermore, when transmitting an e-mail in data commu-
nication mode, the text data of the e-mail inputted by operat-
ing the operation keys ex204 of the main body is sent out to
the main control unit ex311 via the operation input control
unit ex304. In the main control unit ex311, after the modem
circuit unit ex306 performs spread spectrum processing of the
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text data and the communication circuit unit ex301 performs
digital-to-analog conversion and frequency transformation to
it, the data is transmitted to the cell site ex110 via the antenna
ex201.

When picture data is transmitted in data communication
mode, the picture data shot by the camera unit ex203 is
supplied to the picture coding unit ex312 via the camera
interface unit ex303. When it is not transmitted, it is also
possible to display the picture data shot by the camera unit
ex203 directly on the display unit 202 via the camera interface
unit ex303 and the LCD control unit ex302.

The picture coding unit ex312, which includes the picture
coding device as explained in the present invention, com-
presses and codes the picture data supplied from the camera
unit ex203 by the coding method used for the picture coding
device as shown in the above-mentioned first embodiment so
as to transform it into coded picture data, and sends it out to
the multiplexing/demultiplexing unit ex308. At this time, the
cell phone ex115 sends out the voices received by the voice
input unit ex205 during the shooting with the camera unit
ex203 to the multiplexing/demultiplexing unit ex308 as digi-
tal voice data via the voice processing unit ex305.

The multiplexing/demultiplexing unit ex308 multiplexes
the coded picture data supplied from the picture coding unit
ex312 and the voice data supplied from the voice processing
unit ex305 using a predetermined method, the modem circuit
unit ex306 performs spread spectrum processing of the mul-
tiplexed data obtained as a result of the multiplexing, and the
communication circuit unit ex301 performs digital-to-analog
conversion and frequency transformation of the data for the
transmission via the antenna ex201.

As for receiving data of a moving picture file which is
linked to a Web page or the like in data communication mode,
the modem circuit unit ex306 performs inverse spread spec-
trum processing of the data received from the cell site ex110
via the antenna ex201, and sends out the multiplexed data
obtained as a result of the processing to the multiplexing/
demultiplexing unit ex308.

In order to decode the multiplexed data received via the
antenna ex201, the multiplexing/demultiplexing unit ex308
separates the multiplexed data into a bit stream of picture data
and a bit stream of voice data, and supplies the coded picture
data to the picture decoding unit ex309 and the voice data to
the voice processing unit ex305 respectively via the synchro-
nous bus ex313.

Next, the picture decoding unit ex309, which includes the
picture decoding device as explained in the above-mentioned
invention, decodes the bit stream of picture data by the decod-
ing method corresponding to the coding method as shown in
the above-mentioned embodiments to generate reproduced
moving picture data, and supplies this data to the display unit
ex202 via the LCD control unit ex302, and thus picture data
included in a moving picture file linked to a Web page, for
instance, is displayed. At the same time, the voice processing
unit ex305 converts the voice data into analog voice data, and
supplies this data to the voice output unit ex208, and thus
voice data included in the moving picture file linked to a Web
page, for instance, is reproduced.

The present invention is not limited to the above-men-
tioned system, and either the picture coding device or the
picture decoding device in the above-mentioned embodi-
ments can be incorporated into a digital broadcasting system
as shown in FIG. 30. Such ground-based or satellite digital
broadcasting has been in the news lately. More specifically, a
bit stream of video information is transmitted from a broad-
cast station ex409 to or communicated with a broadcast sat-
ellite ex410 via radio waves. Upon receipt of it, the broadcast
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satellite ex410 transmits radio waves for broadcasting. Then,
ahome-use antenna ex406 with a satellite broadcast reception
function receives the radio waves, and a television (receiver)
ex401 or a set top box (STB) ex407 decodes the bit stream for
reproduction. The picture decoding device as shown in the
above-mentioned embodiment can be implemented in the
reproducing device ex403 for reading out and decoding the
bit stream recorded on a storage medium ex402 that is a
recording medium such as a CD and a DVD. In this case, the
reproduced video signals are displayed on a monitor ex404. It
is also conceivable to implement the picture decoding device
in the set top box ex407 connected to a cable ex405 fora cable
television or the antenna ex406 for satellite and/or ground-
based broadcasting so as to reproduce them on a monitor
ex408 of the television ex401. The picture decoding device
may be incorporated into the television, not in the set top box.
Also, a car ex412 having an antenna ex411 can receive signals
from the satellite ex410 or the cell site ex107 for reproducing
moving pictures on a display device such as a car navigation
system ex413.

Furthermore, the picture coding device as shown in the
above-mentioned embodiments can code picture signals for
recording on a recording medium. As a concrete example,
there is a recorder ex420 such as a DVD recorder for record-
ing picture signals on a DVD disk ex421 and a disk recorder
for recording them on a hard disk. They can be recorded on an
SD card ex422. If the recorder ex420 includes the picture
decoding device as shown in the above-mentioned embodi-
ments, the picture signals recorded on the DVD disk ex421 or
the SD card ex422 can be reproduced for display on the
monitor ex408.

As for the structure of the car navigation system ex413, the
structure without the camera unit ex203, the camera interface
unit ex303 and the picture coding unit ex312, out of the
components shown in FIG. 29, is conceivable. The same goes
for the computer ex111, the television (receiver) ex401 and
others.

In addition, three types of implementations can be con-
ceived for a terminal such as the above-mentioned cell phone
ex114; a sending/receiving terminal implemented with both
an encoder and a decoder, a sending terminal implemented
with an encoder only, and a receiving terminal implemented
with a decoder only.

As described above, it is possible to use the picture coding
method or the picture decoding method in the above-men-
tioned embodiments for any of the above-mentioned devices
and systems, and by using this method, the effects described
in the above-mentioned embodiments can be obtained.

Also, the present invention is not limited to the above-
mentioned embodiments and a wide range of variations or
modifications within the scope of the following claims are
possible.

A picture coding method according to the present invention
improves coding efficiency since optimal tables for variable
length coding can be referred to when the number of coeffi-
cients other than 0 contained in a current block to be coded is
encoded.

Also, a picture decoding method according to the present
invention decodes correctly a bit stream in which a number of
coefficients other than O contained in a block after orthogonal
transformation is coded with reference to optimal tables for
variable length coding.
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INDUSTRIAL APPLICABILITY

Thus, the picture coding method and the picture decoding
method according to the present invention are useful as a
method to encode an image so as to create a bit stream as well
asto decode the created bit stream using devices such as a cell
phone, a DVD device, a personal computer or the like.

The invention claimed is:

1. A receiving apparatus which receives multiplexed data
which is obtained by multiplexing coded audio data and
coded picture data, said receiving apparatus comprising:

a demultiplexing unit configured to separate the multi-
plexed data into the coded audio data and the coded
picture data;

an audio processing unit configured to decode the sepa-
rated coded audio data; and

a picture decoding unit configured to decode the separated
coded picture data,

wherein said picture decoding unit includes a block decod-
ing unit configured to decode coded block data included
in the coded picture data, the coded block data being
obtained by dividing a picture signal into plural blocks,
generating a residual block image from a block image of
the respective blocks and a predictive block image
obtained by intra-picture prediction or inter-picture pre-
diction, and coding, on a block basis, coefficients
obtained by performing orthogonal transformation and
quantization on the residual block image,

said block decoding unit includes:

a coefficient number decoding unit configured to decode
the coded block data to obtain the number of non-zero
coefficients which are coefficients included in a current
block to be decoded and having a value other than “0”;

a unit configured to obtain coefficients corresponding to a
residual block image of the current block by decoding
the coded block data;

a unit configured to obtain the residual block image of the
current block by performing inverse quantization and
inverse orthogonal transformation on the coefficients
corresponding to the residual block image of the current
block; and

a reproducing unit configured to reproduce a block image
of the current block, from the obtained residual block
image and a predictive block image obtained by intra-
picture prediction or inter-picture prediction,

said coefficient number decoding unit includes:

a determining unit configured to determine a predictive
value for the number of non-zero coefficients included in
the current block based on the number of non-zero coef-
ficients included in a decoded block located on a periph-
ery of the current block;

a selecting unit configured to select a variable length code
table based on the determined predictive value; and

avariable length decoding unit configured to perform vari-
able length decoding on a coded stream which is gener-
ated by coding the number of the non-zero coefficients
included in the current block, by using the selected vari-
able length code table.

#* #* #* #* #*
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lating circuit for modulating at least one subsequence each
of which has a desired number of bits taken from the
reordered mother code word to fill the available bandwidth
of at least one available gross rate channel. The transmitter
continues to forward the modulated subsequences to the
receiver until the receiver successfully decodes the digital
data block.

34 Claims, 6 Drawing Sheets
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TELECOMMUNICATIONS SYSTEM AND
METHOD FOR SUPPORTING AN
INCREMENTAL REDUNDANCY ERROR
HANDLING SCHEME USING AVAILABLE
GROSS RATE CHANNELS

CROSS REFERENCE TO RELATED
PROVISIONAL APPLICATION

This patent application claims the benefit of priority from,
and incorporates by reference the entire disclosure of
co-pending U.S. Provisional Patent Application Serial No.
60/170,209 filed on Dec. 10, 1999.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention generally relates to the telecom-
munications field and, in particular, to a wireless commu-
nications system and method capable of supporting an
incremental redundancy error .handling scheme using avail-
able gross rate channels.

2. Description of Related Art

Wireless communication systems convey a digital data
block by transmitting a modulated signal from a transmitter
to a receiver over a transmission channel. Transmission
channels often contain noise that tends to corrupt the trans-
mitted signal, resulting in transmission errors and the loss of
part of the transmitted data block. For instance, this noise
could be interference from other transmitters. Furthermore,
fading (e.g. log-normal fading, Rayleigh fading) can corrupt
the transmitted channel. Corruption of the transmitted digital
data block is problematic for wireless communication sys-
tems.

To minimize the impact of noise on the transmitted digital
data block, various coding.techniques often referred to as
Link Adaptation (LA) and Type I/I/III hybrid ARQ
(Automatic Repeat-Request) schemes that make use of
Forward Error Correction (FEC) and Incremental Redun-
dancy (IR) have been proposed. Brief descriptions of a
known wireless communications system 100 and how these
known coding techniques are incorporated therein are dis-
cussed below with respect to FIGS. 1-3.

Referring to FIG. 1, there is illustrated a block diagram of
a traditional wireless communications system 100. The
traditional wireless communications system 100 includes a
transmitter 120 for coding and transmitting a modulated
signal, and a receiver 140 for receiving and decoding the
received modulated signal. The transmitter 120 and receiver
140 include components, described below, which are
selected, arranged and configured to communicate with one
another over a fixed rate channel 150.

The transmitter 120 includes an information source 122,
a coding circuit 124, a puncturing circuit 126 and a modu-
lating circuit 128. The information source 122 generates a
digital data block formed by a stream of bits. The coding
circuit 124 codes the digital data block to form a coded data
block, and a puncturing circuit 126 punctures the coded data
block to produce a punctured data block. More specifically,
the digital data block is coded according to a selected.code
rate to provide error protection for symbols of the digital
data block. And, the coded data block is punctured according
to a selected deleting pattern to produce a corresponding
punctured data block having erasures. The modulating cir-
cuit 128 uses the punctured data block to produce a modu-
lated signal which is transmitted over the fixed rate channel
150.
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The receiver 140 includes a demodulating circuit 142, a
depuncturing circuit 144 and a decoding circuit 146. The
demodulating circuit 142 demodulates the received modu-
lated signal and outputs a demodulated signal. The demodu-
lated signal corresponds to the punctured data block after it
has been corrupted by the communication channel. The
depuncturing circuit 144 uses the deleting pattern of the
puncturing circuit 126 to depuncture the demodulated signal
and output a depunctured data block. The decoding circuit
146 uses the code of the coding circuit 124 to decode the
depunctured data block and output an estimated data block.

Referring to FIG. 2, there is a block digram illustrating in
greater detail the coding, puncturing and modulating of a
digital data block in the traditional wireless communications
system 100 according to the FEC coding technique. In the
LA coding technique, Modulation and Coding Schemes
(MCS) are selected based on link quality measurements. For
example, the GPRS (General Packet Radio Service) stan-
dard uses GMSK (Gaussian Minimum Shift Keying) modu-
lation and allows the use of four different Coding Schemes
(CS) i.e. CS-1 through CS-4 with coding rates Y4, %3, %, and
1 respectively. An example of Logical Link Control (LLC)
frame segmentation in GPRS is depicted in FIG. 2. A frame
202 is segmented into digital data blocks 204 (one shown)
having a header H1 and a Frame Check Sequence (FCS).
The digital data block 204 is coded with a convolutional
code rate Y5 (for example) to form a coded data block 206
and then punctured (if needed) to form a punctured data
block 208. It should be noted that a single puncturing pattern
(e.g., puncturing pattern P1) is used for a given coding
scheme because there is one-to-one relation between the
data block 204 and the resulting punctured data block 208.
Thereafter, the punctured data block 208 is modulated and
transmitted to the receiver 140 over the fixed rate channel
150.

Referring to FIG. 3, there is a block diagram illustrating
in greater detail the coding, puncturing and modulating of a
digital data block in the traditional wireless communications
system 100 according to the Type II hybrid ARQ coding
techniques. Basically, the ARQ coding techniques are link
level techniques that can provide low bit error rates by
effectively retransmitting modulated signals to the receiver
140. In other words, the ARQ coding technique uses at least
one fixed rate channel 150a, 150b. . . 150n to support the
retransmission of a modulated signal. The ARQ coding
techniques can be divided into fixed redundancy and vari-
able redundancy error control schemes. The Type I hybrid
ARQ coding technique is essentially a fixed redundancy
error control scheme. And, the Type II hybrid ARQ coding
technique is based on a variable redundancy control scheme.
The LA coding technique of FIG. 1 can be viewed as using
a set of Type I hybrid ARQ coding techniques.

In the Type II hybrid ARQ coding technique shown in
FIG. 3, data redundancy or retransmission of modulated
signals which are not necessarily the same signals is con-
tinued until the receiver 140 successfully decodes a digital
data block 304. As shown:, the digital data block 304 (shown
on left) is coded using a predetermined code (e.g., system-
atic convolutional code) to form a mother code word 306
(shown on left). The mother code word 306 (shown on left)
is punctured using a predetermined puncturing pattern P1 to
form a subblock 308a. The subblock 3084 is then modulated
and transmitted to the receiver 140 over a first fixed rate
channel 150a. If the receiver 140 is able to successfully
decode the digital data block 304 then an acknowledgment
signal 360 is sent to the transmitter 120 and the next digital
data block (not shown) is transmitted to the receiver 140. In
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the event the receiver 140 is not able to successfully decode

the digital data block 304, then a retransmission request,

signal 362 is sent to the transmitter 120.

Upon receiving the retransmission request signal 362, the
transmitter 120 operates again to code the digital data block
304 (shown in middle) using the predetermined code to form
the mother code word 306 (shown in middle). The mother
code word 306 (shown in middle) is punctured using another
predetermined puncturing pattern P2 to form a subblock
308b. The subblock 3085 which may not have the same bits
as subblock 308z is modulated.and transmitted to the
receiver 140 over a second fixed rate channel 150b. If the
receiver 140 is now able to successfully decode the digital
data block 304 also using information from previously
received subblocks in joint decoding then an acknowledg-
ment signal 360 is sent to the transmitter 120 and the next
digital data block (not shown) is transmitted to the receiver
140. In the event the receiver 140 is still not able, to
successfully decode the digital data block 304, then another
retransmission request signal 362 is sent to the transmitter
120.

Upon receiving the retransmission request signal 362, the
transmitter 120 yet again operates to code the digital data
block 304 (shown on right) using the predetermined code to
form the mother code word 306 (shown on right). The
mother code word 306 (shown on right) is punctured using
another predetermined puncturing pattern Pn to form a
subblock 308#. It should be understood that the number “n”
of subblocks is arbitrary, i.c., that the subblock 3087 does
not necessarily come after subblock 308b. The subblock
308n is modulated and transmitted to the receiver 140 over
another fixed rate channel 150x. If the receiver 140 is still
not able to successfully decode the digital data block 304
then this process of coding, puncturing, modulating and
transmitting the digital data block 304 is repeated until the
receiver 140 successfully decodes the digital data block 304
and forwards the acknowledgment signal 360 to the trans-
mitter 120.

A description about the Type II hybrid ARQ coding
technique can be found in: (1) S. Lin, D. J. Costello,
“Automatic Repeat-Request Error Control Schemes”; IEEE
Commun. Mag., vol. 12, pp. 5-17, December 1984; and (2)
J. Hagenauer, “Rate-Compatible Punctured Convolutional
Codes (RCPC Codes) and their Applications”, IEEE Trans.
Comm., vol. 36, no. 4, April 1988. Both of these articles are
hereby incorporated into the present application.

The Type III Hybrid ARQ coding technique is a special
form of the Type II Hybrid PRQ coding technique, where all
the subblocks have certain properties. A description about
the Type III hybrid ARQ coding technique can be found in
S. Kallel, “Complementary Punctured Convoluntional
(CPC) Codes and Their Application”, IEEE transactions
on-communications, vol. 43, no. 6, June 1995. However, it
should be understood that both Type II and Type III Hybrid
ARQ coding techniques can be designed so that decoding of
single sub-blocks themselves is possible. Both the Type II
Hybrid ARQ and Type III Hybrid ARQ coding techniques
are referred to as Incremental Redundancy (IR) hereinafter.
Unfortunately, the traditional wireless communications sys-
tem 100 that use fixed rate channels 150a, 15056 . . . 150n
have several disadvantages. For instance, some of the dis-
advantages are as follows:

1. No good solution using incremental redundancy over
available gross rate channels exists. Since the subblocks
308a, 308b . . . 308#n are of equal or fixed sizes, they are
not suitable for transmission over available gross rate
channels. One problematic solution is to have very small
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subblocks, and hence one would be able to fit different

numbers of these subblocks oh the available gross rate

channel. However, this causes much overhead, since each
subblock normally contains a header.

2. No flexible way of designing and utilizing incremental
redundancy code words exists. Current methods require
one puncturing pattern for each subblock. If many differ-
ent subblocks (e.g., of different lengths) are needed to
cope with available gross rate channels, then as many
puncturing patterns are needed. This causes high com-
plexity. Additionally, the signaling of which puncturing
pattern that has been used gives a large overhead.

3. No flexible way of signaling which puncturing pattern P1,
P2 . . . Pn is used exists. Normally a number of prede-
termined puncturing schemes, i.e. bitmaps containing
one’s and zero’s are applied, and which puncturing
scheme is used is signaled to the receiver 120 in the
subblock header.

Accordingly, there is a need for a wireless communica-
tions system and method that addresses the aforementioned
problems of the traditional wireless communications system
by supporting incremental redundancy error handling
schemes using available gross rate channels. This need and
other needs are satisfied by the wireless communications
system, transmitter, receiver and method of the present
invention.

DESCRIPTION OF THE INVENTION

The present invention is a wireless communications
system, transmitter, receiver and method that addresses the
deficiencies of the prior art by supporting incremental redun-
dancy error handling schemes using available gross rate
channels. More specifically, the transmitter includes a cod-
ing circuit for coding a digital data block and generating a
mother code word, and a reordering circuit for reordering the
mother code word and generating a reordered mother code
word. The transmitter also includes a subsequence selection
circuit for selecting at least one subsequence from the
reordered mother code word, and a modulating circuit for
modulating and forwarding at least one subsequence to the
receiver. Each subsequence has desired number of bits,
taken from the reordered mother code word, to fill the
available bandwidth of at least one available gross bitrate
channel. The transmitter continues to forward and modulate
subsequences of the reordered mother code word until the
receiver successfully decodes the digital data block.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the method and appa-
ratus of the present invention may be had by reference to the
following detailed description when taken in conjunction
with the accompanying drawings wherein:

FIG. 1, prior art, is a block diagram illustrating a tradi-
tional wireless communications system;

FIG. 2, prior art, is a block diagram illustrating in greater
detail the traditional wireless communications system of
FIG. 1 using a forward error correction (FEC) coding
technique;

FIG. 3, prior art, is a block diagram illustrating in greater
detail the traditional wireless communications system of
FIG. 1 using a Incremental Redundancy (IR) coding tech-
nique;.

FIG. 4 is a block diagram illustrating the basic compo-
nents of the wireless communications system in accordance
with the present invention;

FIG. 5 is a block diagram illustrating in greater detail the
wireless communications system of FIG. 4 using an incre-
mental redundancy coding technique; and
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FIG. 6 is a flowchart illustrating the basic steps of the
preferred method in accordance with the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to the Drawings, wherein like numerals repre-
sent like parts throughout FIGS. 4-6, there are disclosed an
exemplary wireless communications system 400 and pre-
ferred method 600 in accordance with the present invention.

Although the wireless communications system 400 is
described with reference to the Global System for Mobile
Communications/(Enhanced) General Packet Radio
Services-Global System for Mobile Communications/
Enhanced Data Global System for Mobile Communications
Evolution Radio Access Network (GSM/ (E) GPRS-GRAN)
standards, those skilled in the art will appreciate that other
standards and specifications including, for example, other
third generation standards may also utilize the principles of
the present invention. Accordingly, the wireless communi-
cations system 400 and preferred method 600 described
should not be construed in a limited manner.

Referring to FIG. 4, there is a block diagram illustrating
the basic components of the wireless communications sys-
tem 400 in accordance with the present invention. The
wireless communications system 400 is similar to the tra-
ditional wireless communications system 100 of FIG. 1,
except that the wireless communications system 400 is
capable of effectively supporting incremental redundancy
error handling schemes (e.g., Type II/III hybrid ARQ coding
techniques) using the available,;bandwidth of available
gross rate channel(s).

The wireless communications system 400 includes a
transmitter 420 for coding and transmitting a .modulated
signal (shown as modulated subsequence), and a receiver
440 for receiving and decoding a received signal. The
transmitter 420 and receiver 440 may be any communication
device that communicates over at least one available gross
rate channel 450 including a cordless or cellular mobile
phone, two way radio, MODEM (modulator-demodulator),
radio, base station, or the like.

The transmitter 420 includes an information source 422,
a coding circuit 424, a reordering circuit 425, a subsequence
selecting circuit 426 and a modulating circuit 428. The
information source 422 generates a digital data block formed
by a stream of bits. The coding circuit 424 codes the digital
data block to form a mother code word. More specifically,
the digital data block is coded according to a selected code
rate to provide error protection for symbols of the digital
data block. The mother code word is reordered by the
reordering circuit 425 using an ordering vector (described
below) to produce a reordered mother code word. The
subsequence selecting circuit 426 then selects enough bits
(known as a subsequence) from the reordered mother code
word to fill all or most of the available bandwidth of an
available gross rate channel 450. Thereafter, the modulating
circuit 428 uses the subsequence to produce and transmit a
10 modulated subsequence using the available bandwidth of
the available gross rate channel 450 (see FIG. 5 for a detailed
description about multiple transmissions of modulated
subsequences).

The receiver 440 includes a demodulating circuit 442, a
padding circuit 443, an inverse reordering circuit 444, a
combining circuit 445g (attached to a storage unit 445b) and
a decoding circuit 446. The demodulating circuit 442
demodulates one received modulated signal and outputs a
demodulated signal. The demodulated signal corresponds to
the subsequence of the reordered mother code word after it
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has been corrupted by the noise in the available gross rate
channel 450. The padding circuit 443 an inverse reordering
circuit 444 use the demodulated signal to generate a received
word corresponding to the mother code word. More
specifically, the padding circuit 443 and inverse reordering
circuit 444 use the ordering vector (described below) to pad
and reorder the demodulated signal and output the received
word. The combining circuit 445a combines the received
word (corresponding to the mother code word) with previ-
ously received information stored in the storage unit 445b
and outputs a combined received word (corresponding to the
mother code word). Thereafter, if the receiver 440 is able to
successfully decode the combined received word using the
decoding circuit 446, then an acknowledgment signal 460 is
sent to the transmitter 440 which transmits the next digital
data block. Otherwise, if the receiver 440 is not able to
successfully decode the combined received word using the
decoding circuit 446, then a retransmission request signal
462 is sent to the transmitter 420 which forwards another
modulated subsequence to the receiver 440. A more detailed
discussion about the reordering of the mother code word and
the selecting and modulating of multiple subsequences of
the reordered mother code word’s provided below with
respect to FIG. 5.

Referring to FIG. 5, there is a block diagram illustrating
in greater detail the wireless communications system 400 of
the present invention. Basically, the wireless communica-
tions system 400 enables the transmission of a modulated
subsequence and, if needed, subsequent transmissions of
additional modulated subsequences each of which is sized to
effectively use the available bandwidth in available gross
rate channels 450a, 4500, 450c¢ . . . 450n. Compare this with
the traditional wireless communications system 100 which
supports the transmission and retransmission of modulated
subblocks 308z, 3085 . . . 308# cach of which have the same
size so as to fit in fixed rate channels 150a, 1506 . . . 150n
(see FIG. 3).

As shown, a data block 504 is coded using a predeter-
mined code (e.g., a systematic convoluntional code) to form
a mother code word 506. The mother code word is reordered
to form a reordered mother code word 508. The reordered
mother code word 508 is based on an ordering vector that
defines the order in which bits forming each subsequence
5084, 508b, 508c . . . 5081 are modulated and forwarded to
the receiver 440.

For example, different puncturing patterns P1, P2, P3 . ..
Pn may be used in sequence to reorder and form the
reordered mother code word 508. Whereas, in the prior art
different puncturing patterns P1, P2 . . . Pn (all different)
would be used separately to puncture each mother code
word 306 (all the same) and form different subblocks 3084,
308b . . . 308n (see FIG. 3). Exemplary puncturing patterns
P1, P2 and P3 are given below:

P1=[100100100100100100 . . . 100]

P2=[010010010010010010 . . . 010]

P3=[001001001001001001 . . . 001]

In the prior art, the subblock 3084 would contain the bits in
positions 1,4,7,10, . . . of the mother code word 306, since
the puncturing pattern P1 has ones in these positions.
Similarly, the subblock 3086 would contain the bits in
positions 2,5,8,11, . . . of the mother code word 306, and the
subblock 308¢ (not shown) would contain the bits in posi-
tions 3,6,9,12 . . . of the mother code word 306. These
subblocks 308a, 3086 and 308c are sequentially sent to the
receiver 120 until the receiver successfully decodes the
digital data block 304.
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In the preferred embodiment of the present invention, the
mother code word 506 is sequentially punctured using one
or more puncturing patterns P1, P2, P3 . . . Pn that together
form the ordering vector. An exemplary ordering vector is
given below:

0=[14,7,10,...,2,58,11,...,3,6,9,12, ... ]

The ordering vector defines the order in which the bits
forming the reordered mother code word 508 are to be
modulated and transmitted to the receiver 420, which also
knows the ordering vector. Basically, the transmitter 420 can
start and stop as needed within the reordered mother code
word 508 to create subsequences 508a, 508b, 508c¢ . . . 508n
each of which has a desired number of bits so that they can
fit within the available bandwidth ABR of the available
gross rate channels 450a, 450D, 450c . . . 450x. This enables
IR transmission on available gross rate channels.

Referring back to the reordered mother code word 508
shown in FIG. §, a first subsequence 508a taken from a first
sequence of bits in the reordered mother code word 508 is
modulated and transmitted to the receiver 440 using the
available bandwidth ABR of the first available gross rate
channel 550a. Again, the first subsequence 5084 has a
desired number of bits so that it can fit within the available
bandwidth ABR of the first available gross rate channel
550a. If the receiver 440 is able to successfully decode the
first subsequence 508a and estimate the digital data block
504, then an acknowledgment signal 560 is sent to the
transmitter 420 and the next data block (not shown) is
transmitted to the receiver 440 using the principles of the
present invention. If the receiver 440 is not able to success-
fully decode the first subsequence 5084 and estimate the
digital data block 504 then, a retransmission request signal
562 is sent to the transmitter 420.

Upon receiving the retransmission request signal 562, the
transmitter 420 operates to modulate a second subsequence
508b using a second sequence of bits taken from the
reordered mother code word 508. The second sequence of
bits can be adjacent to the first sequence of bits associated
with the first subsequence 508a. Again, the second subse-
quence 508b has a desired number of bits so that it can fit
within the available bandwidth ABR of the second available
gross rate channel 550b. The transmitter 420 then transmits
the modulated second subsequence 508b to the receiver 440
using the available bandwidth ABR of the second available
gross rate channel 550b. If the receiver 440 after decoding
the first and second subsequences 5082 and 508b is able to
estimate the digital data block 504, then an acknowledgment
signal 560 is sent to the.transmitter 520 and the next digital
data block (not shown) is transmitted to the receiver 440
using the principles of the present invention. If the receiver
440 is not able to successfully decode the second subse-
quence 508b and estimate the digital data block 502, then the
receiver 440 sends another retransmission request signal 562
to the transmitter 420.

Upon receiving the second retransmission request signal
562, The transmitter 520 operates to modulate a third
subsequence 508¢ using a third sequence of bits taken from
the reordered mother code word 508. The third sequence of
bits can be adjacent to the second sequence of bits associated
with the second subsequence 508b. Again, the third subse-
quence 508¢ has a desired number of bits so that it can fit
within the available bandwidth ABR of the third available
gross rate channel 550c. The transmitter 420 then transmits
the modulated third subsequence 508c to the receiver 440
using the available bandwidth ABR of the third available
gross rate channel 550c. If the receiver 440 after decoding
the first, second and third subsequences 508a, 5085 and
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508¢ is able to estimate the digital data block 504, then an
acknowledgment signal 560 is sent to the transmitter 420
and the next digital data block (not shown) is transmitted to
the receiver 440 using the principles of the present inven-
tion. If the receiver 440 is still not able to successfully
estimate the digital data block 504, then the transmitter 440
operates to repeat the process of modulating and forwarding
of additional subsequences 5087 taken from additional
sequences of bits in the reordered mother code word 508
until the receiver successfully estimates the digital data
block 504.

Each subsequence 508a, 508b, 508c . . . 5087 may include
a header 510 indicating a starting point or starting bit in the
reordered mother code word 508 and a length of the par-
ticular modulated subsequencing. However, the header 510
may not need to include the length of the modulated sub-
sequence 508a, 508b, 508c or 508, if the receiver 440 can
automatically assume that the available bandwidth ABR of
the available gross rate channels 550a, 550b, 550c . . . 5501
are “filled out” with the respective subsequence 5084, 508b,
508¢c . . . 508#n. In addition, the starting point need not be
included either if it can be derived some other way, e.g., if
the receiver can keep track of exactly how many bits that
have been sent so far (if transmitted blocks can disappear on
the channel, this may not be the case though).

It should also be understood that the available bandwidths
ABRs of the different available gross rate channels 550a,
550b, 550c . . . 5501 can be and are often different lengths.
As such, the transmitter 440 may initially send one or more
subsequences 508a and 508b (for example) resulting in a
combined code rate higher than some threshold rate R, e.g.,
R=1. This means that even very small available bandwidths
ABRs of the available gross rate channel(s) 550a, 5505,
550c . . . 5501 can be utilized. Of course, decoding of only
the subsequences 5084 and 508b (for example) with a
combined code rate higher than 1 will likely fail, but it can
still be used in combination with other subsequences 5084,
508b and 508¢ (for example) if the combined code rate
together provide an equivalent code rate <=1.

Moreover; the transmitter 420 may be designed such that
it transmits new subsequences 508b, 508¢ . . . 508n (for
example) until the equivalent code rate reaches a predeter-
mined threshold such as an equivalent code rate of 1,
without awaiting acknowledgments from the receiver 440.
In other words, the transmitter 420 can forward a series of
modulated subsequences 508a, 508b, 508¢ . . . 5087 to the
receiver 440 even when the transmitter fails to receive an
acknowledgment signal 560 from the receiver. This scheme
may reduce delays and memory requirements. Alternatively,
the transmitter 420 can be designed to transmit a new
subsequence 508b, 508c . . . 5087 only after it has received
an acknowledgment signal 560 from the receiver 440.

Referring to FIG. 6, there is a flowchart illustrating the
basic steps of the preferred method 600 that supports an
incremental redundancy error handling scheme by mapping
the available bandwidth ABR of available gross rate chan-
nels 550a, 5506, 550c . . . 550n. Beginning at step 602, a
digital data block 504 is coded by a predetermined coding
rate to generate a mother code word 506. At step 604, the
mother code word 504 is reordered using, for example, at
least one puncture pattern P1, P2, P3 . . . Pn to generate a
reordered mother code word 508. As described above, the
reordered code mother word 508 is based on an ordering
vector that defines the order in which bits forming each
subsequence 508a, 508b, 508c . . . 508x are modulated and
forwarded to the receiver 440. And, the ordering vector is
based on the one or more puncturing patterns P1, P2, P3 . ..
Pn.
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At step 606, a first subsequence 508a taken from a first
sequence of bits (e.g., starting from the leftmost value) in the
reordered mother code word 508 is modulated and trans-
mitted to the receiver 440 using the available bandwidth
ABR of the first available gross rate channel 550a. Again,
the first subsequence 5084 is sized to fit within the available
bandwidth ABR of the first available gross rate channel
550a.

At step 612, a determination is made as to whether the
receiver 440 is able to successfully decode the first subse-
quence 508z and estimate the digital data block 504. If yes,
the receiver 440 sends an acknowledgment signal 560 to the
transmitter 420 which then transmits a new digital data
block to the receiver 440 (go back to step 602).

Otherwise, at step 610, the receiver 440 sends a retrans-
mission request signal 562 to the transmitter. 420, which
then transmits a second subsequence 508b that is sized to use
the available bandwidth ABR of a second available gross
rate channel 550b. The second subsequence 508b uses a
second sequence of bits preferably starting from where the
first subsequence 508 stopped in the reordered mother code
word 508.

At step 612, a determination is made as to whether the
receiver 440 is able to successfully decode the second
subsequence 508b and estimate the digital data block 504. In
fact, the receiver 440 may use the second subsequence 508b
alone or both the first and second subsequences 508a and
508b to estimate the digital data block 504. If the receiver is
able to estimate the digital data block 504, then the receiver
440 sends an acknowledgment signal 560 to the transmitter
420, which then transmits a new digital data block to the
receiver 440 (go back to step 602).

Otherwise, at step 614, the receiver 440 sends another
retransmission request signal 562 to the transmitter 520,
which then operates to repeat the process of modulating and
forwarding of additional subsequences 508¢ . . . 5087 taken
from additional sequences of bits in the reordered mother
code word 508 until the receiver successfully estimates the
digital data block 504. After estimating the digital data block
502, the receiver 440 sends an acknowledgment signal 560
to the transmitter 520, which then transmits a new digital
data block to the receiver 440.

It should be understood that different methods of the IR
coding technique exist and can be used with the present
invention. For instance, the stop and wait scheme wherein
one digital data block at a time must be correctly received
before the transmitter goes on with the next digital data
block. The go back n scheme wherein the transmitter keeps
on sending new digital data blocks and when some block is
NACKed (not acknowledged), then the transmitter retrans-
mits that block and all subsequent blocks. Due to delay in the
NACK, this can mean retransmitting several blocks apart
from the NACKed block, even if they are not erroneous. The
selective repeat scheme wherein the transmitter keeps on
sending new digital data blocks and when some block(s) is
NACKed, thereafter the transmitter retransmits that block(s)
and then resumes transmitting new digital data blocks. This
application describes the stop and wait method. However,
the present invention works equally well for the other
methods too. It should also be understood that the “bit
ordering scheme” of the present invention may also be used
to flexibly obtain arbitrary code rates for LA schemes on
variable rate, i.e., the transmitter controls the occupied bit
rate channels. More specifically, the digital data block is
encoded and reordered according to the present invention. In
a well known manner a suitable code rate is chosen (e.g.,
based on estimates of channel quality and/or quality of
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service requirements). Then, as many bits as is needed to
obtain the subsequence are transmitted from the reordered
mother code word. For retransmission if employed, the same
number of bits if the same code rate is desired, more or fewer
bits if not, are taken from the same ordering vector (e.g.,
from the beginning of the vector) and transmitted to the
receiver. Hence, the number of transmitted bits can vary, but
the number of bits are decided based on the wanted code
rate. This could be a first stream on a physical bearer, a best
effort service based on “IR on variable bitrate channels” can
fill out the remaining part of the bearer.

From the foregoing, it can be readily appreciated by those
skilled in the art that the present invention addresses the
deficiencies of the prior art by providing a wireless com-
munications system capable of supporting various incre-
mental redundancy error handling schemes using available
gross rate channels. Basically, the wireless communications
system of the present invention enables the transmission of
a modulated subsequence and, if need, subsequent transmis-
sions of additional modulated subsequences each of which
can be sized to effectively use the available bandwidth in
available gross rate channels.

Although one embodiment of the present invention has
been illustrated in the accompanying Drawings and
described in the foregoing Detailed Description, it will be
understood that the invention is not limited to the embodi-
ment disclosed, but is capable of numerous rearrangements,
modifications and substitutions without departing from the
spirit of the invention as set forth and defined by the
following claims.

What is claimed is:

1. A transmitter for transmitting a digital data block to a
receiver, said transmitter comprising:

a coding circuit for coding the digital data block and

generating a mother code word;

a reordering circuit for reordering the mother code word
and generating a reordered mother code word, wherein
the reordered mother code word is generated based on
an ordering vector, the ordering vector defining an
order in which bits forming the reordered mother code
word are to be modulated and forwarded to a receiver;
and

a modulating circuit for modulating at least one subse-
quence and for forwarding, to the receiver, the at least
one modulated subsequence, each of the at least one
modulated subsequence having a desired number of
bits taken from the reordered mother code word to fill
the available bandwidth of at least one available gross
rate channel.

2. The transmitter of claim 1, wherein said ordering vector
is based on at least one puncturing pattern, each of the at
least one puncturing pattern being used to reorder the mother
code word.

3. The transmitter of claim 1, wherein said receiver knows
the ordering vector.

4. The transmitter of claim 1, wherein each modulated
subsequence includes a header indicating a starting point in
the reordered mother code word.

5. The transmitter of claim 1, wherein each modulated
subsequence includes a header indicating a starting point in
the reordered mother code word and a length of the modu-
lated subsequence.

6. The transmitter of claim 1, wherein said modulating
circuit is capable of forwarding a plurality of the modulated
subsequences to the receiver until an equivalent code rate is
less than a predetermined threshold rate R.

7. The transmitter of claim 6, wherein said predetermined
threshold rate R is one.
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8. The transmitter of claim 1, wherein said modulating
circuit is capable of forwarding a plurality of the modulated
subsequences to the receiver even when said transmitter fails
to receive an acknowledgment signal from the receiver.

9. The transmitter of claim 1, wherein said modulating
circuit is capable of forwarding one of the modulated
subsequences only after said transmitter receives an
acknowledgment signal from the receiver.

10. The transmitter of claim 1, wherein said transmitter is
a mobile terminal or is incorporated within a wireless
communications system.

11. A transmitter for supporting an error handling scheme
using at least one available gross rate channel, said trans-
mitter comprising:

a coding circuit for coding a digital data block and

generating a mother code word,

a reordering circuit for reordering the mother code word
and generating a reordered mother code word, wherein
the reordered mother code word is generated based on
an ordering vector, the ordering vector defining an
order in which bits forming the reordered mother code
word are to be modulated and forwarded to a receiver;
and

a modulating circuit for modulating a subsequence taken
from a first sequence of bits in the reordered mother
code word and for forwarding the modulated first
subsequence to the receiver using the available band-
width of a first available gross rate channel, said
modulating circuit being further capable of repeating
the process of modulating and forwarding other sub-
sequences taken from the reordered mother code word
until the receiver successfully decodes the digital data
block.

12. The transmitter of claim 11, wherein said error han-
dling scheme is an incremental redundancy error handling
scheme.

13. The transmitter of claim 12, wherein said incremental
redundancy error handling scheme is further classified as a
Type II hybrid ARQ (Automatic Repeat Request) scheme or
a Type III hybrid ARQ scheme.

14. The transmitter of claim 11, wherein said ordering
vector is based on at least one puncturing pattern, each of the
at least one puncturing pattern being used to reorder the
mother code word.

15. The transmitter of claim 11, wherein each modulated
subsequence includes a header indicating a starting point in
the reordered mother code word.

16. The transmitter of claim 11, wherein each modulated
subsequence includes a header indicating a starting point in
the reordered mother code word and a length of the modu-
lated subsequence.

17. The transmitter of claim 11, wherein said modulating
circuit is capable of forwarding a plurality of the modulated
subsequences to the receiver until an equivalent code rate is
less than a predetermined threshold rate R.

18. The transmitter of claim 17, wherein said predeter-
mined threshold rate R is one.

19. A method for supporting an incremental redundancy
error handling scheme using at least one available gross rate
channel, said method comprising the steps of:

coding a digital data block to generate a mother code
word;

reordering the mother code word to generate a reordered
mother code word, wherein the reordered mother code
word is generated based on an ordering vector, the
ordering vector defining an order in which bits forming
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the reordered mother code word are to be modulated

and forwarded to a receiver; and

modulating at least one subsequence from the reordered

mother code word and forwarding the at least one

modulated subsequence to the receiver using the avail-
able bandwidth of the at least one available gross rate
channel.

20. The method of claim 19, wherein said steps of
modulating and forwarding further include the steps of:

modulating a first subsequence taken from a first sequence

of bits in the reordered mother code word and forward-

ing the modulated first subsequence to the receiver in a

first available gross rate channel;

modulating a second subsequence taken from a second

sequence of bits in the reordered mother code word and

forwarding the modulated second subsequence word to
the receiver in a second available gross rate channel;
and

modulating and forwarding additional subsequences

taken from additional sequences of bits in the reordered

mother code word until the receiver successfully
decodes the digital data block.

21. The method of claim 19, wherein said ordering vector
is based on a plurality of puncturing patterns.

22. The method of claim 19, wherein said steps of
modulating and forwarding further include the step of for-
warding a plurality of the modulated subsequences to the
receiver until an equivalent code rate is less than a prede-
termined threshold rate R.

23. The method of claim 22, wherein said predetermined
threshold rate R is one.

24. The method of claim 19, wherein said steps of
modulating and forwarding further include the step of for-
warding a plurality of the modulated subsequence to the
receiver even when said transmitter fails to receive an
acknowledgment signal from the receiver.

25. The method of claim 19, wherein said steps of
modulating and forwarding further include the step of for-
warding one of the modulated subsequences only after said
transmitter receives an acknowledgment signal from the
receiver.

26. The method of claim 19, wherein each modulated
subsequence includes a header indicating a starting point in
the reordered mother code word.

27. The method of claim 19, wherein each modulated
subsequence includes a header indicating a starting point in
the reordered mother code word and a length of the modu-
lated subsequence.

28. The method of claim 19, wherein said transmitter is a
mobile terminal or is incorporated within a wireless com-
munications system.

29. The method of claim 19, wherein said receiver is a
mobile terminal or is incorporated within a wireless com-
munications system.

30. A wireless communications system comprising:

a receiver;

a transmitter operatively coupled to said receiver, said

transmitter including:

a coding circuit for coding a digital data block and
generating a mother code word;

a reordering circuit for reordering the mother code
word and generating a reordered mother code word,
wherein the mother code word is reordered based on
an ordering vector, the ordering vector defining an
order in which bits forming the reordered mother
code word are to be modulated and forwarded to the
receiver; and
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a modulating circuit for modulating a first subsequence 33. The wireless communications system of claim 30,
taken from a first sequence of bits in the reordered wherein said transmitter is capable of forwarding one of the
mother code word and forwarding the modulated modulated subsequences only after said transmitter receives

first subsequence to the receiver in the available
bandwidth of a first available gross rate channel, said 5
modulating circuit being further capable of modu-

an acknowledgment signal from the receiver.
34. A transmitter comprising:

lating a second subsequence taken from a second a coding circuit for coding a digital data block and
sequence of bits in the reordered mother code word generating a mother code word,

and forwarding the modulated second subsequence a reordering circuit for reordering the mother code word
to the receiver in the available bandwidth of a second 10 according to an ordering vector based on at least one
available gross rate channel, said modulating circuit puncturing pattern and generating a reordered mother
also being capable of repeating the process of modu- code word, wherein the ordering vector defines an

lating and forwarding additional subsequences taken
from additional sequences of bits in the reordered
mother code word until the receiver successfully 15
decodes the digital data block.
31. The wireless communications system of claim 30,
wherein said transmitter is capable of forwarding a plurality

order in which bits forming the reordered mother code
word are to be modulated and forwarded to a receiver;
and

a modulating circuit for modulating at least one subse-
quence from the reordered mother code word and

of the modulated subsequences to the receiver until an forwardi.ng the .at least one modulated subsequence to
equivalent code rate is less than one. 20 the receiver using at least one fixed net rate channel,

32. The wireless communications system of claim 30, wherein said at least one subsequence has as many bits
wherein said transmitter is capable of forwarding a plurality as needed to obtain a desired code rate in view of at
of the modulated subsequences to the receiver even when least one quality of service requirement.

said transmitter fails to receive an acknowledgment signal
from the receiver. I T S
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RADIO COMMUNICATION APPARATUS AND
RADIO COMMUNICATION METHOD

TECHNICAL FIELD

The present invention relates to a MIMO receiving appa-
ratus and a MIMO transmitting apparatus. More particularly,
the present invention relates to a MIMO receiving apparatus
and MIMO transmitting apparatus in which the transmitting
system performs transmission control on a per antenna basis
by feedback information from the receiving system.

BACKGROUND ART

In standardization of 3GPP Long Term Evolution (LTE),
PARC (Per Antenna Rate Control) scheme, which is one of
MIMO (Multi Input Multi Output) transmission schemes, is
discussed. In PARC, modulation and coding schemes are
selected according to channel quality (CQI) report values on
aper transmission antenna (stream) basis. Patent Document 1
discloses a conventional MIMO PARC scheme.

FIG. 1 shows a configuration of the MIMO transmitting
apparatus in the MIMO communication system adopting the
conventional MIMO PARC scheme. As shown in the figure,
the MIMO transmitting apparatus transmits pilot signals on a
per antenna basis by using several subcarriers. On the other
hand, the receiving apparatus (not shown) measures the
received intensity of each pilot signal transmitted from the
antennas in the MIMO transmitting apparatus, generates a
CQI (channel quality indicator) per antenna based on the
channel quality condition for each antenna, and feeds back
the CQIs to the MIMO transmitting apparatus. The MIMO
transmitting apparatus determines the optimal modulation
scheme (QPSK, 16QAM, 64QAM and so on) and coding rate
on a per antenna basis based on the CQI information per
antenna and transmits substreams from the antennas. In this
way, by selecting optimal modulation and coding scheme
based on the channel quality condition of each antenna, the
maximum peak rate and communication capacity are
achieved.

Non-patent Document 1: Lucent 3GPP R1-010879

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

However, the conventional MIMO communication system
has a problem of increasing the CQI feedback overhead in
proportion to the number of antennas (i.e. streams). More-
over, when the transmitting side performs frequency sched-
uling, CQI is required per chunk, which is a subcarrier block,
and therefore the above problem is further prominent.

It is therefore an object of the present invention to provide
a MIMO receiving apparatus and MIMO transmitting appa-
ratus that can reduce the amount of feedback information and
system traffic.

Means for Solving the Problem

The MIMO receiving apparatus of the present invention
adopts a configuration including: a communication quality
measuring section that measures communication quality of
individual antennas using pilot signals transmitted from
antennas of a transmitting side; a transmitting section that
feeds back feedback information based on the communica-
tion quality to the transmitting side; a relative value calculat-
ing section that calculates relative values of the communica-
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tion quality for the antennas between the communication
quality of a reference antenna and the communication quality
of the antennas other than the reference antenna in the anten-
nas in the transmitting side; and a feedback information gen-
erating section that generates the feedback information from
an absolute value of the communication quality of the refer-
ence antenna and the relative values of the communication
quality.

The MIMO transmitting apparatus of the present invention
adopts a configuration including: a receiving section that
receives feedback information containing absolute values of
communication quality of a reference antenna and relative
values of communication quality of antennas other than the
reference antenna; a feedback information processing section
that calculates communication quality of each antenna from
the feedback information; and a transmission control section
that controls transmission of substreams via the antennas
based on the calculated communication quality.

Advantageous Effect Of The Invention

According to the present invention, a MIMO receiving
apparatus and MIMO transmitting apparatus that can reduce
the amount of feedback information and system traffic is
provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing a configuration of the
conventional MIMO transmitting apparatus;

FIG. 2 is a block diagram showing a configuration of the
radio communication apparatus of the receiving system
according to Embodiment 1;

FIG. 3 is a block diagram showing a configuration of the
radio communication apparatus of the transmitting system
according to Embodiment 1;

FIG. 4 explains the feedback information in Embodiment
1;

FIG. 5 is a block diagram showing a configuration of the
radio communication apparatus of the receiving system
according to Embodiment 2;

FIG. 6 explains the feedback information in Embodiment
2;

FIG. 7 is a block diagram showing a configuration of the
radio communication apparatus of the transmitting system
according to Embodiment 2;

FIG. 8 is a block diagram showing a configuration of the
radio communication apparatus of the receiving system
according to Embodiment 3;

FIG. 9 is a block diagram showing a configuration of the
radio communication apparatus of the transmitting system
according to Embodiment 3;

FIG. 10 explains the feedback information in Embodiment
3;

FIG. 11 is a block diagram showing a configuration of the
radio communication apparatus of the receiving system
according to Embodiment 4;

FIG. 12 explains the feedback information in Embodiment
4

FIG. 13 is a block diagram showing a configuration of the
radio communication apparatus of the transmitting system
according to Embodiment 4;

FIG. 14 is a block diagram showing a configuration of the
radio communication apparatus of the receiving system
according to Embodiment 5;

FIG. 15 explains the feedback information in Embodiment
5;
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FIG. 16 is a block diagram showing a configuration of the
radio communication apparatus of the transmitting system
according to Embodiment 5;

FIG. 17 is a block diagram showing a configuration of the
radio communication apparatus of the receiving system
according to Embodiment 6;

FIG. 18 explains the feedback information in Embodiment
6; and

FIG. 19 is a block diagram showing a configuration of the
radio communication apparatus of the transmitting system
according to Embodiment 6.

BEST MODE FOR CARRYING OUT THE
INVENTION

Now, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings. In embodiments, the components having the same func-
tions will be assigned the same reference numerals and over-
lapping descriptions will be omitted.

Embodiment 1

As shown in FIG. 2, radio communication apparatus 100 in
the MIMO (Multi Input Multi Output) communication sys-
tem according to Embodiment 1 has a plurality of antennas,
receiving section 110, signal demultiplexing section 120,
received level measuring section 130, CQI determining sec-
tion 140, relative value calculating section 150, feedback
information generating section 160, transmitting section 170,
demodulating section 175, decoding section 180 and P/S
conversion section 185.

Receiving section 110, which has the same number of
receiving sections 112 as the antennas, receives a space-
multiplexed signal, in which signals transmitted from the
transmission system in the MIMO communication system are
space-multiplexed, and performs radio receiving processing
onthe received signal. When transmission signals transmitted
from the individual antennas of the transmission system form
an OFDM signal, which is one kind of multicarrier signal,
receiving section 110 performs OFDM receiving processing
including FFT processing and P/S conversion processing in
addition to normal radio receiving processing (e.g. down-
conversion and A/D conversion processing). Moreover,
receiving section 110 receives a pilot signal transmitted from
each antenna in the transmission system and performs receiv-
ing processing.

Signal demultiplexing section 120 demultiplexes the sig-
nal after radio receiving processing in receiving section 110
into the signals transmitted from the individual antennas of
the transmission system (i.e. corresponding to the substreams
in the transmission system and therefore hereinafter may be
referred to as “substreams”) using methods including MMSE
(Minimum Mean Square Error) and soon. Moreover, signal
demultiplexing section 120 receives as input the pilot signal
after receiving processing in receiving section 110, and out-
puts the pilot signals of the individual antennas utilized for
transmission in the transmission system (corresponding to the
substreams in the transmission system).

Received level measuring section 130 measures the
received levels of the pilot signals, which are demultiplexed
in signal demultiplexing section 120, of the individual anten-
nas (e.g. SINR: Signal-to-Interference and Noise Power
Ratio) and outputs the received levels of the pilot signals to
CQI determining section 140.
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CQI determining section 140 stores a CQI table and deter-
mines the CQI value of each substream based on the received
levels of the pilot signals measured in received level measur-
ing section 130.

Relative value calculating section 150 calculates relative
CQIl values between the CQI value of the reference substream
and the CQI values of substreams other than the reference
substream. In the present embodiment, the reference sub-
stream is determined in advance and fixed. The substreams
correspond to the individual antennas of the transmission
system respectively, so that the reference substream may be
regarded as “the reference antenna,” and relative value calcu-
lating section 150 may be construed to calculate relative CQI
values between the CQI value of the reference antenna and the
CQI values of the antennas other than the reference antenna.

Feedback information generating section 160 generates
feedback information for the transmission system from the
CQI value of the reference substream and the relative CQI
values found for the streams other than the reference sub-
stream.

Transmitting section 170 transmits the feedback informa-
tion generated in feedback information generating section
160 to the transmission system using at least one of a plurality
of'antennas provided in radio communication apparatus 100.
That is, transmitting section 170 may transmit the feedback
information to the transmission system by a transmission
scheme using one antenna or by a multi-antenna communi-
cation scheme such as MIMO communication scheme and
space-time coding communication scheme.

Demodulating section 175, which has demodulating sec-
tions 177 matching the number of the substreams, demodu-
lates each substream demultiplexed in signal demultiplexing
section 120.

Decoding section 180, which has decoding sections 182
matching the number of the substreams, decodes each sub-
stream after demodulating processing.

P/S conversion section 185 performs parallel-to-serial con-
version on the substreams after decoding processing, and
outputs the result as a serial data sequence.

As shown in FIG. 3, radio communication apparatus 200 of
the transmission system, has a plurality of antennas, receiving
section 210, feedback information processing section 220,
transmission control section 230, S/P conversion section 240,
coding section 250, modulating section 260, transmitting sec-
tion 270 and pilot generating section 280.

Receiving section 210 performs radio receiving processing
on feedback information, which is from radio communication
apparatus 100, and which is received through at least one of
the antennas in radio communication apparatus 200. To be
more specific, receiving section 210 performs receiving pro-
cessing on feedback information in a reception scheme cor-
responding to the transmission scheme applied in transmit-
ting section 170 of radio communication apparatus 100, and
outputs the feedback information after receiving processing
to feedback information processing section 220.

Feedback information processing section 220 calculates
the CQI value of each substream from the feedback informa-
tion from receiving apparatus 210. To be more specific, as
described above, the feedback information from radio com-
munication apparatus 100 contains the CQI value of the ref-
erence substream and the relative CQI values found for the
substreams other than the reference substream, so that feed-
back information processing section 220 calculates the CQI
value of each substream from the relative CQI values found
between the CQI value of the reference substream and the
substreams other than the reference substream.
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Transmission control section 230, which stores a CQI table
that is the same as in radio communication apparatus 100,
outputs the coding rates, modulation schemes and so on,
associated with the CQI values of the individual substreams
calculated in feedback information processing section 220 to
coding section 250 and modulating section 260.

S/P conversion section 240 converts inputted transmission
data (stream data) from serial to parallel, and divides the
transmission data into a plurality of substreams.

Coding section 250, which has coding sections 252 match-
ing the number of the substreams, encodes the individual
substreams based on the coding rate of each substream
received from transmission control section 230.

Modulating section 260, which has modulating sections
262 matching the number of the substreams, modulates the
substreams based on the modulation scheme of each sub-
stream (e.g. QPSK, 16QAM, 64QAM and so on) received
from transmission control section 230. Moreover, modulating
section 260 modulates the pilot signals generated in pilot
generating section 280. Further, modulating section 260 per-
forms OFDM modulation processing including S/P conver-
sion processing and IFFT processing when radio communi-
cation apparatus 200 transmits OFDM signals from the
antennas.

Transmitting section 270, which has transmitting sections
272 matching the number of the substreams, performs radio
processing including D/A conversion and up-conversion for
the substreams and transmits them from the corresponding
antennas. Moreover, transmitting section 270 performs radio
processing on the pilot signals modulated in modulating sec-
tion 260 and transmits them from the corresponding antennas.

Next, the operations of radio communication apparatus
100 and radio communication apparatus 200 having the
above-described configurations will be explained.

In radio communication apparatus 100, a signal after
receiving processing in receiving section 110 is demulti-
plexed into substreams using methods including MMSE
(Minimum Mean Square Error) in signal demultiplexing sec-
tion 120.

Inreceived level measuring section 130, the received levels
of the pilot signals demultiplexed in signal demultiplexing
section 120 are measured per antenna of the transmission
system. To be more specific, when the pilot signals are trans-
mitted in the form of OFDM signals from the antennas in
radio communication apparatus 200, received level measur-
ing section 130 measures the received level of each pilot
signal on a per chunk basis, and outputs an “average received
level,” which is an average of all chunks in one CQI reporting
cycle, to CQI determining section 140. Here, a “chunk” refers
to a bundle of consecutive subcarriers in the frequency
domain.

In CQI determining section 140, the CQI value of each
substream is determined based on the “average received lev-
els” of the pilot signals from received level measuring section
130. In relative value calculating section 150, relative CQI
values are calculated between the CQI value of the reference
substream and the CQI values of substreams other than the
reference substream.

In feedback information generating section 160, feedback
information for the transmission system is generated from the
relative CQI values found between the CQI value of the
reference substream and the substreams other than the refer-
ence substream.

The feedback information generated in this feedback infor-
mation generating section 160 will be explained with refer-
ence to FI1G. 4.
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As shown in the figure, as for the reference substream, a
CQI value determined based on an “average received level,”
which is an average of all chunks (i.e. chunks 1 to 8 in the
figure), is fed back to radio communication apparatus 200
every CQI reporting cycle. Moreover, as for substreams other
than the reference substream (“other substreams” in the fig-
ure), relative CQI values, which are relative to the CQI value
determined for the reference substream, are fed back to radio
communication apparatus 200 every CQI reporting cycle.

In this way, feedback information is generated such that the
CQI of the reference substream alone is given in an absolute
value and the CQIs of the other substreams are given in
relative CQI values with respect to the reference substream,
so that it is possible to reduce the amount of feedback infor-
mation, compared to conventional cases of feeding back the
absolute values of the CQI values of all substreams. As a
result, it is possible to reduce the traffic in the MIMO com-
munication system. This working effect becomes prominent
when the number of antennas mounted in a radio communi-
cation apparatus in the MIMO communication system
increases.

In radio communication apparatus 200, receiving process-
ing is performed on feedback information in receiving section
210, and, in feedback information processing section 220,
CQI values of the individual substreams are calculated from
the feedback information in receiving section 210.

In transmission control section 230, coding rates, modula-
tion schemes and so on, associated with the CQI values of the
individual substreams calculated in feedback information
processing section 220, are outputted to coding section 250
and modulating section 260.

In coding section 250, coding processing is performed on
the individual substreams based on the coding rate of each
substream received from transmission control section 230.

In modulating section 260, modulating processing is per-
formed on the substreams based on the modulation scheme of
each substream (e.g. QPSK, 16QAM, 64QAM and so on)
received from transmission control section 230.

In this way, according to Embodiment 1, radio communi-
cation apparatus 100 has: received level measuring section
130 as a communication quality measuring means for mea-
suring communication quality (e.g. SINR) of individual
antennas (corresponding to the substreams) using the pilot
signals transmitted from the antennas of the transmitting side
(radio communication apparatus 200); transmitting section
170 that feeds back feedback information based on the com-
munication quality, to the transmitting side; relative value
calculating section 150 as a relative value calculating means
for calculating relative values of communication quality
between a reference antenna and individual antennas other
than the reference antenna, from communication quality of
the reference antenna (corresponding to the reference sub-
stream) and communication quality of the antennas other than
the reference antenna in the transmitting antennas; and feed-
back information generating section 160 as a feedback gen-
erating means for generating the feedback information from
the absolute value of communication quality of the reference
antenna and the relative values of communication quality.

By this means, the feedback information is generated such
that the communication quality of the reference antenna alone
is given in an absolute value and the communication quality
of other antennas is given in the relative values of the com-
munication quality with respect to the reference antenna, so
that it is possible to reduce the amount of feedback informa-
tion, compared to conventional cases of feeding back the
absolute values of the CQI values of all antennas. As a result,
it is possible to reduce the amount of overhead of control
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information channels and interference power by the amount
in the MIMO communication system. This working effect
becomes prominent when the number of antennas mounted in
a radio communication apparatus in the MIMO communica-
tion system increases.

Moreover, radio communication apparatus 100 has:
received level measuring section 130 that measures the
received levels of the individual pilot signals transmitted from
the antennas of the transmitting side (radio communication
apparatus 200); CQI determining section 140 that determines
the CQI value of each transmitting antenna based on the
received levels; relative value calculating section 150 that
calculates relative CQI values showing the relative values of
the CQI values between the reference antenna and the anten-
nas other than the reference antenna, from the CQI value
determined for the reference antenna and the CQI values
determined for the antennas other than the reference antenna,
in the transmitting antennas by CQI determining section 140;
and feedback information generating section 160 that gener-
ates feedback information for the transmitting side including
the CQI value of the reference antenna and the relative CQI
values.

By this means, feedback information is generated such that
the CQI of the reference antenna alone is given in an absolute
value and the CQIs of the other antennas are given in the
relative values of the CQI with respect to the reference
antenna, so that it is possible to reduce the amount of feedback
information, compared to conventional cases of feeding back
the absolute values of the CQI values of all antennas. As a
result, it is possible to reduce the amount of overhead of
control information channels and interference power in the
MIMO communication system. This working effect becomes
prominent when the number of antennas mounted in a radio
communication apparatus in the MIMO communication sys-
tem increases. Moreover, by using the CQI values used in
conventional systems to generate feedback information, the
present invention can be applicable for conventional systems.

Moreover, according to Embodiment 1, radio communica-
tion apparatus 200 has: receiving section 210 as a receiving
means for receiving feedback information containing the
absolute value of communication quality (e.g. CQI values) of
the reference antenna (corresponding to the reference sub-
stream) and the relative values of communication quality of
the antennas other than the reference antenna; feedback infor-
mation processing section 220 as a calculating means for
calculating communication quality of each antenna from the
feedback information; and transmission control section 230
as a transmission control means for controlling the transmis-
sion of the substreams via the antennas based on the calcu-
lated communication quality.

By this means, it is possible to control to transmit sub-
streams transmitted from the antennas and reduce the amount
of overhead of control information channels and interference
power in the MIMO communication system.

Embodiment 2

In Embodiment 1, the CQI value of each substream is fed
back. By contrast with this, in Embodiment 2, a MIMO com-
munication scheme of transmitting multicarrier signals (e.g.
OFDM signals) from the individual antennas of the transmis-
sion system is presumed, and the CQI values of individual
chunks related to substreams are fed back. The embodiments
are the same in that feedback is carried out using the absolute
value ofthe CQI value with respect to the reference substream
and relative CQI values with respect to substreams other than
the reference substream. In this way, by feeding back CQI
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values of individual chunks related to the substreams, what is
commonly referred to as “frequency scheduling” for control-
ling subcarriers used in the transmission system can be car-
ried out efficiently.

As shown in FIG. 5, radio communication apparatus 300
according to Embodiment 2 has received level measuring
section 330, CQI determining section 340, relative value cal-
culating section 350 and feedback information generating
section 360.

Received level measuring section 330 measures the
received levels (e.g. SINRs) of the individual chunks, for the
pilot signals demultiplexed in signal demultiplexing section
120 of the individual antennas of the transmission system.

CQI determining section 340 determines the CQI values of
the individual chunks related to the substreams based on the
received levels per chunk related to the pilot signals from
received level measuring section 330.

Relative value calculating section 350 calculates relative
CQI values of the individual chunks (hereinafter may be
referred to as “relative chunk CQI values”) between the CQI
value of the reference substream and the CQI values of sub-
streams other than the reference substream. In the present
embodiment, the reference substream is determined in
advance and fixed.

Feedback information generating section 360 generates
feedback information (see FIG. 6) for the transmission sys-
tem from the CQI value of each chunk related to the reference
substream and the relative chunk CQI values found for the
streams other than the reference substream.

As shown in FIG. 7, radio communication apparatus 400 of
the transmission system has feedback information processing
section 420 and transmission control section 430.

Feedback information processing section 420 calculates
the CQI values of the individual chunks related to the sub-
streams from the feedback information from receiving appa-
ratus 210. To be more specific, the feedback information from
radio communication apparatus 300 contains the CQI value
of each chunk related to the reference substream and the
relative chunk CQI values found for the substreams other than
the reference substream, so that feedback information pro-
cessing section 420 calculates the CQI values of the indi-
vidual chunks related to the substreams from the CQI value of
each chunk related to the reference substream and the relative
chunk CQI values found for the substreams other than the
reference substream.

Transmission control section 430 performs frequency
scheduling for the individual substreams based on the CQI
values of the individual chunks related to the substreams from
feedback information processing section 420, and outputs
frequency scheduling information for each substream to
modulating section 260.

Modulating section 260 sequentially changes the subcar-
riers per substream based on the frequency scheduling infor-
mation from transmission control section 430.

In this way, according to Embodiment 2, radio communi-
cation apparatus 300 has: received level measuring section
330 that measures the received levels of the individual pilot
signals transmitted from the antennas of the transmitting side
(radio communication apparatus 400); CQI determining sec-
tion 340 that determines the CQI value of each transmitting
antenna based on the received levels; relative value calculat-
ing section 350 that calculates relative CQI values showing
the relative values of the CQI values between the reference
antenna and the antennas other than the reference antenna,
from the CQI value determined for the reference antenna and
the CQI values determined for the antennas other than the
reference antenna, in the transmitting antennas by CQI deter-
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mining section 340; and feedback information generating
section 360 that generates feedback information for the trans-
mitting side including the CQI values of the reference antenna
and the relative CQI values, and received level measuring
section 330 measures the received levels per chunk formed
with a plurality of subcarriers; CQI determining section 340
determines the CQI value of each chunk related to the trans-
mitting antennas based on the received levels; relative value
calculating section 350 calculates relative chunk CQI values
showing relative CQI values of the individual chunks
between the CQI value of the chunk determined for the ref-
erence antenna and the CQI values of the individual chunks
determined for the antennas other than the reference antenna;
and feedback information generating section 360 generates
feedback information including the CQI value of the chunk of
the reference substream and the relative chunk CQI values.

By this means, CQI values of individual chunks related to
the antennas are fed back, so that what is commonly referred
to as “frequency scheduling” for controlling subcarriers used
in the transmission system can be carried out efficiently.

Embodiment 3

In Embodiment 1, the reference substream is fixed. By
contrast with this, in Embodiment 3, the substream of the best
communication quality every reporting cycle, is selected as
the reference substream. The embodiments are the same in
that feedback is carried out using the absolute value of the
CQIl value with respect to the reference substream and relative
CQI values with respect to substreams other than the refer-
ence substream. In this way, the substream of the best com-
munication quality is selected as the reference substream,
and, by feeding back the absolute value of communication
quality of the reference substream and the relative values of
the substreams other than the reference substream, the reli-
ability of CQI feedback information of the substream of the
best channel communication quality especially improves. As
aresult, the transmission system receiving the feedback infor-
mation can perform transmission control based on reliable
feedback information, thereby improving system throughput.

As shown in FIG. 8, radio communication apparatus 500
according to Embodiment 3 has reference determining sec-
tion 510, relative value calculating section 550 and feedback
information generating section 560.

Reference determining section 510 receives as input the
CQI values for the substreams from CQI determining section
140 and determines the reference substream. To be more
specific, reference determining section 510 selects the sub-
stream associated with the CQI value of the highest received
level as the reference substream every CQI reporting cycle.
That is, reference determining section 510 selects the refer-
ence substream based on the received level. Then, reference
determining section 510 outputs information specifying the
reference substream (hereinafter may be referred to as “the
reference substream information”) to relative value calculat-
ing section 550 and feedback information generating section
560.

Relative value calculating section 550 calculates relative
CQIl values between the CQI value of the reference substream
selected in reference determining section 510 and the CQI
values of substreams other than the reference substream.

Feedback information generating section 560 generates
feedback information for the transmission system from the
CQIl value of the reference substream, the relative CQI values
found for the streams other than the reference substream and
the reference substream information (e.g. stream index infor-
mation identifying the reference substream).
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As shown in FIG. 9, radio communicating apparatus 600
has feedback information processing section 620.

Feedback information processing section 620 calculates
the CQI value of each substream from the feedback informa-
tion from receiving apparatus 210. To be more specific, the
feedback information from radio communication apparatus
500 contains the CQI value of the reference substream, the
relative CQI values found for the substreams other than the
reference substream and the reference substream information
(e.g. stream index information identifying the reference sub-
stream), so that feedback information processing section 620
calculates the CQI value of each substream from the CQI
value of the reference substream and the relative CQI values
found for the substreams other than the reference substream
specified from the reference substream information.

Next, the operations of radio communication apparatus
500 and radio communication apparatus 600 having the
above-described configurations will be explained.

In reference determining section 510, the CQI values for
the substreams from CQI determining section 140 are
received as input, and the reference substream is determined.
To be more specific, in reference determining section 510, the
substream associated with the CQI value of the highest
received level is selected as the reference substream every
CQIl reporting cycle. That is, in reference determining section
510, the reference substream is selected based on the received
level.

In relative value calculating section 550, relative CQI val-
ues are calculated between the CQI value of the reference
substream selected in reference determining section 510 and
the CQI values of substreams other than the reference sub-
stream.

In feedback information generating section 560, feedback
information for the transmission system is generated from the
CQIl value of the reference substream, the relative CQI values
found for the streams other than the reference substream and
the reference substream information.

The feedback information generated in this feedback infor-
mation generating section 560 will be explained with refer-
ence to FIG. 10. In the figure, for ease of the explanation, the
case is shown where the number of substreams is two.

As shown in the figure, the substream associated with the
CQI value of the highest received level is selected as the
reference substream every reporting cycle. Then, as for the
reference substream of each CQI reporting cycle, a CQI value
determined based on an “average received level,” which is an
average of all chunks (i.e. chunks 1 to 8 in the figure) on a per
CQIl reporting cycle basis, is fed back to radio communication
apparatus 600. Moreover, as for the substreams other than the
reference substream, relative CQI values, which are relative
to the CQI value determined for the reference substream on a
per CQI reporting cycle basis, are fed back to radio commu-
nication apparatus 600. In the figure, substream 1 is selected
as the reference substream in the first and second CQI report-
ing cycles, and substream 2 is selected as the reference sub-
stream in the third CQI reporting cycle. Then, as described
above, the reference substream information (not shown in the
figure) in the CQI reporting cycles is also fed back.

Incidentally, in what is referred to as a “2x2 MIMO com-
munication system” in which the transmission system and the
reception system each have two antennas, one bit is necessary
for the reference substream information (e.g. stream index
information identifying the reference substream), and, in a
4x4 MIMO communication system, only two bits are neces-
sary.

In radio communication apparatus 600, in feedback infor-
mation processing section 620, CQI values of the individual
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substreams are calculated from the feedback information
from receiving section 210. To be more specific, the feedback
information from radio communication apparatus 500 con-
tains the CQI value of the reference substream, the relative
CQI values found for the substreams other than the reference
substream and the reference substream information, so that
feedback information processing section 620 calculates the
CQI value of each substream from the relative CQI values
found between the CQI value of the reference substream
specified from the reference substream information and the
substreams other than the reference substream.

In this way, according to Embodiment 3, radio communi-
cation apparatus 500 has reference determining section 510
that selects the reference antenna (corresponding to the ref-
erence substream) from the antennas of the transmitting side
(radio communication apparatus 600) based on the CQI val-
ues determined by CQI determining section 140, and relative
value calculating section 550 calculates relative CQI values
between the CQI value determined for the reference antenna
selected in reference determining section 510 and the CQI
values determined for the antennas other than the reference
antenna. Especially, reference determining section 510
selects the antenna of the highest CQI value as the reference
antenna.

By this means, the antenna of the best communication
quality (e.g. SINR) is selected as the reference antenna, and,
by feeding back the absolute value of communication quality
of'the reference antenna (the absolute value of'the CQI value)
and the relative values of the antennas other than the reference
antenna (relative CQI values), the reliability of CQI feedback
information of the substream of the best channel communi-
cation quality especially improves. As a result, the transmis-
sion system receiving the feedback information can perform
transmission control based on reliable feedback information,
thereby improving system throughput.

Embodiment 4

In Embodiment 2, the reference substream is fixed between
all chunks. By contrast with this, in Embodiment 4, the sub-
stream of the best communication quality is selected as the
reference substream on a per chunk basis. The embodiments
are the same in that feedback is carried out using the absolute
value ofthe CQI value with respect to the reference substream
and relative CQI values with respect to substreams other than
the reference substream. In this way, the substream of the best
communication quality is selected as the reference substream
per chunk, and by feeding back the absolute value of com-
munication quality of the reference substream and the relative
values of the substreams other than the reference substream,
so that the reliability of feedback information improves.
Moreover, by feeding back communication quality of indi-
vidual chunks related to the substreams, frequency schedul-
ing can be carried out efficiently in the transmission system.
As a result, the transmission system receiving the feedback
information can perform transmission control based on the
feedback information, which is reliable and which contains
communication quality per chunk, thereby improving system
throughput.

As shown in FIG. 11, radio communication apparatus 700
according to Embodiment 4 has reference determining sec-
tion 710, relative value calculating section 750 and feedback
information generating section 760.

Reference determining section 710 receives as input the
CQIl values of the individual chunks related to the substreams
from CQI determining section 340 and determines the refer-
ence substream of each chunk. To be more specific, reference
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determining section 710 selects the substream associated
with the CQI value of the highest received level as the refer-
ence substream on a per chunk basis. That is, reference deter-
mining section 710 selects the reference substream per chunk
based on the received level of each chunk. Then, reference
determining section 710 outputs information specifying the
reference substream of each chunk (hereinafter may be
referred to as “the reference chunk substream information™)
to relative value calculating section 750 and feedback infor-
mation generating section 760.

Relative value calculating section 750 calculates relative
chunk CQI values, which are the CQI values of the individual
chunks, between the CQI value of the reference substream
selected in reference determining section 710 and the CQI
values of substreams other than the reference substream.

Feedback information generating section 760 generates
feedback information (see FIG. 12) for the transmission sys-
tem from the CQI value of the reference substream of each
chunk, the relative chunk CQI values found for streams other
than the reference substream per chunk and the reference
chunk substream information.

As shown in FIG. 13, radio communicating apparatus 800
has feedback information processing section 820.

Feedback information processing section 820 calculates
the CQI value of each chunk related to the substream from the
feedback information from receiving apparatus 210. To be
more specific, the feedback information from radio commu-
nication apparatus 700 contains the CQI value of the refer-
ence substream of each chunk, the relative chunk CQI values
found for the substreams other than the reference substream
per chunk and the reference chunk substream information, so
that feedback information processing section 820 calculates
the CQI values of the individual chunks related to the sub-
streams from the CQI value of the reference substream per
chunk and the relative chunk CQI values found for the sub-
streams other than the reference substream specified from the
reference chunk substream information.

In this way, according to Embodiment 4, radio communi-
cation apparatus 700 has reference determining section 710
that selects the reference antenna from the antennas of the
transmitting side (radio communication apparatus 800) on a
per chunk basis based on the CQI values of the individual
chunks related to the transmitting antennas determined by
CQI determining section 340, relative value calculating sec-
tion 750 calculates relative chunk CQI values of the indi-
vidual chunks between the reference antenna and the anten-
nas other than the reference antenna, from the CQI value of
the reference antenna per chunk and the CQI values of the
antennas other than the reference antenna, and feedback
information generating section 760 generates feedback infor-
mation containing the CQI value of the reference antenna of
each chunk, the relative chunk CQI values and the identifica-
tion information of the reference antenna per chunk. Espe-
cially, reference determining section 710 selects the antenna
of'the highest CQI value on a per chunk basis as the reference
antenna.

By this means, the antenna of the best communication
quality (e.g. SINR) for each chunk is selected as the reference
antenna, and by feeding back the absolute value of commu-
nication quality of the reference antenna (the absolute value
of'the CQI value) and the relative values of the antennas other
than the reference antenna (relative chunk CQI values), the
reliability of CQI feedback information of the substream of
the best channel communication quality per chunk especially
improves. Moreover, by feeding back communication quality
per chunk related to the antennas, frequency scheduling can
be carried out efficiently in the transmission system. As a
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result, the transmission system receiving the feedback infor-
mation can perform transmission control based on the feed-
back information, which is reliable and which contains com-
munication quality per chunk, thereby improving system
throughput.

Embodiment 5

In Embodiment 1, the reference substream is fixed. By
contrast with this, in Embodiment 5, the reference substream
changes every reporting cycle according to a predetermined
pattern. The embodiments are the same in that feedback is
carried out using the absolute value of the CQI value with
respect to the reference substream and relative CQI values
with respect to substreams other than the reference sub-
stream. In this way, by changing the reference substream
every predetermined cycle according to a predetermined
cycle and by feeding back the absolute value of communica-
tion quality of the reference substream and the relative values
of the substreams other than the reference substream, the
reliability of the feedback information can be kept in good
balance. As a result, the transmission system receiving the
feedback information can perform transmission control based
on reliable feedback information, thereby improving system
throughput.

As shown in FIG. 14, radio communication apparatus 900
according to Embodiment 5 has relative value calculating
section 950.

Relative value calculating section 950 changes the refer-
ence substream every CQI reporting cycle according to the
predetermined pattern and calculates relative CQI values
between the CQI value of the reference substream and the
CQIl values of substreams other than the reference substream.

In feedback information generating section 160, feedback
information for the transmission system is generated from the
relative CQI values between the CQI value of the reference
substream per CQI reporting cycle and substreams other than
the reference substream per CQI reporting cycle.

FIG. 15 shows the feedback information when the refer-
ence substream alternately changes between substream 1 and
substream 2 every CQI reporting cycle.

As shown in FIG. 16, radio communication apparatus 1000
in Embodiment 5 has feedback information processing sec-
tion 1020.

Feedback information processing section 1020 calculates
the CQI value of each substream from the feedback informa-
tion from receiving apparatus 210. To be more specific, as
described above, the feedback information from radio com-
munication apparatus 900 contains the CQI value of the ref-
erence substream per CQI reporting cycle and the relative
CQI values found for the substreams other than the reference
substream per CQI reporting cycle, so that feedback informa-
tion processing section 1020 calculates the CQI value every
CQI reporting cycle related to the substreams from the CQI
value of the reference substream per CQI reporting cycle and
the relative CQI values found for the substreams other than
the reference substream per CQI reporting cycle.

Feedback information processing section 1020 needs to
specify the reference substream in order to calculate the CQI
values, and the CQI values of the substreams can be calcu-
lated if feedback information processing section 1020
acquires the change pattern of the reference substream in
advance in relative value calculating section 950 of radio
communication apparatus 900. If the change pattern of the
reference substream is determined in advance between trans-
mitting side and receiving side, signaling for reporting the
reference substream is not necessary.
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In this way, according to Embodiment 5, relative value
calculating section 950 of radio communication apparatus
900 sequentially changes the reference antenna according to
the predetermined change pattern of the reference antenna
and calculates relative CQI values.

By this means, by changing the reference antenna accord-
ing to the predetermined pattern and by feeding back the
absolute value of communication quality of the reference
antenna (the absolute value of the CQI value) and the relative
values (relative CQI values) of the antennas other than the
reference antenna, the reliability of the feedback information
can be kept in good balance. As a result, the transmission
system receiving the feedback information can perform trans-
mission control based on reliable feedback information,
thereby improving system throughput.

Embodiment 6

In Embodiment 2, the reference substream is fixed between
all chunks. By contrast with this, in Embodiment 6, the ref-
erence substream changes on a per chunk basis according to
a predetermined pattern. The embodiments are the same in
that feedback is carried out using the absolute value of the
CQIl value with respect to the reference substream and relative
CQI values with respect to substreams other than the refer-
ence substream. In this way, by changing the reference sub-
stream on a per chunk basis according to the predetermined
pattern and by feeding back the absolute value of communi-
cation quality of the reference substream and the relative
values of the substreams other than the reference substream,
the reliability of the feedback information can be kept in good
balance. Moreover, by feeding back communication quality
per chunk related to the substreams, frequency scheduling
can be carried out efficiently in the transmission system. As a
result, the transmission system receiving the feedback infor-
mation can perform transmission control based on the feed-
back information, which is kept reliability and which contains
communication quality per chunk, thereby improving System
throughput.

As shown in FIG. 17, radio communication apparatus 1100
according to Embodiment 6 has relative value calculating
section 1150.

Relative value calculating section 1150 changes the refer-
ence substream according to the predetermined pattern on a
per chunk basis and calculates relative chunk CQI values,
which are the CQI values per chunk, between the CQI value
of' the reference substream and the CQI values of substreams
other than the reference substream.

In feedback information generating section 360, feedback
information for the transmission system is generated from the
relative CQI values between the CQI value of each chunk for
reference substream and substreams other than the reference
substream of each chunk.

FIG. 18 shows the feedback information when the refer-
ence substream alternately changes between substream 1 and
substream 2 on a per chunk basis.

As shown in FIG. 19, radio communication apparatus 1200
in Embodiment 6 has feedback information processing sec-
tion 1220.

Feedback information processing section 1220 calculates
the CQI value of each chunk for the substreams from the
feedback information from receiving apparatus 210. To be
more specific, as described above, the feedback information
from radio communication apparatus 1100 contains the CQI
value of each chunk for the reference substream and the
relative chunk CQI values found for the substreams other than
the reference substream of each chunk, so that feedback infor-
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mation processing section 1220 calculates the CQI values of
the individual chunks related to the substreams from the CQI
value of each chunk for the reference substream and the
relative chunk CQI values found for the substreams other than
the reference substream of each chunk.

Feedback information processing section 1220 needs to
specify the reference substream of each chunk in order to
calculate the CQI values, and CQI values of individual
chunks related to the substreams can be calculated if feedback
information processing section 1220 acquires the change pat-
tern of the reference substream in advance in relative value
calculating section 1150 of radio communication apparatus
1100. If the change pattern of the reference substream is
determined in advance between transmitting side and receiv-
ing side, signaling for reporting the reference substream is not
necessary.

In this way, according to Embodiment 6, radio communi-
cation apparatus 1100 has: received level measuring section
330 that measures the received levels of the individual pilot
signals transmitted from the antennas of the transmitting side
(radio communication apparatus 1200); CQI determining
section 340 that determines the CQI value of each transmit-
ting antenna based on the received levels; relative value cal-
culating section 1150 that calculates relative CQI values
showing the relative values of the CQI values between the
reference antenna and the antennas other than the reference
antenna, from the CQI value determined for the reference
antenna and the CQI values determined for the antennas other
than the reference antenna, in the transmitting antennas by
CQI determining section 340; and feedback information gen-
erating section 360 that generates feedback information for
the transmitting side including the CQI values of the refer-
ence antenna and the relative CQI values. Received level
measuring section 330 measures the received levels of the
individual chunks formed with a plurality of subcarriers, CQI
determining section 340 determines the CQI value of each
chunk related to the transmitting antennas based on the
received levels, and relative value calculating section 1150
changes the reference antenna according to the predeter-
mined pattern per chunk and calculates relative chunk CQI
values showing the relative values of the CQI values of the
individual chunks between the reference antenna and the
antennas other than the reference antenna.

By this means, by changing the reference antenna on a per
chunk basis according to the predetermined pattern and by
feeding back the absolute value of communication quality of
the reference antenna (the absolute value of the CQI value)
and the relative values of the antennas other than the reference
antenna (the relative chunk CQI values), the reliability of the
feedback information can be kept in good balance. Moreover,
by feeding back communication quality per chunk related to
the antennas, frequency scheduling can be carried out effi-
ciently in the transmission system. As a result, the transmis-
sion system receiving the feedback information can perform
transmission control based on the feedback information,
which is kept reliability and which contains communication
quality per chunk, thereby improving system throughput.

INDUSTRIAL APPLICABILITY

The MIMO receiving apparatus and the MIMO transmit-
ting apparatus of the present invention are suitable for use in
reducing an amount of feedback information and system traf-
fic.
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The invention claimed is:

1. A radio communication apparatus comprising:

a receiving unit configured to receive first data and second
data, which are transmitted from a plurality of antennas
for spatial-multiplexing using a plurality of blocks, into
which a plurality of consecutive subcarriers in a fre-
quency domain are divided;

a calculating unit configured to calculate a first absolute
channel quality indicator (CQI) value per each of the
blocks for the first data and a second absolute CQI value
per each of the blocks for the second data, and calculate
a relative CQI value of the second absolute CQI value
with respect to the first absolute CQI value, per each of
the blocks, from the first absolute CQI value and the
second absolute CQI value in the same block; and

a transmitting unit configured to transmit the first absolute
CQI value and the relative CQI value of the second
absolute CQI value in the same block,

wherein the relative CQI value of the second absolute CQI
value in the first block of the plurality of blocks for the
second data is calculated with respect to the first abso-
Iute CQI value in the first block of the plurality of blocks
for the first data, and the relative CQI value of the second
absolute CQI value in the second block of the plurality of
blocks for the second data is calculated with respect to
the first absolute CQI value in the second block of the
plurality of blocks for the first data.

2. The radio communication apparatus according to claim

1, wherein said transmitting unit transmits feedback informa-
tion comprising the first absolute CQI value and the relative
CQI value of the second absolute CQI value.

3. The radio communication apparatus according to claim

1, wherein said receiving unit receives the first data and the
second data, which are modulated per each one of the data.

4. The radio communication apparatus according to claim

1, wherein the absolute CQI value indicates a code rate and a
modulation scheme.

5. A radio communication method comprising:

receiving first data and second data, which are transmitted
from a plurality of antennas for spatial-multiplexing
using a plurality of blocks, into which a plurality of
consecutive subcarriers in a frequency domain are
divided;

calculating a first absolute channel quality indicator (CQI)
value per each of the blocks for the first data and a second
absolute CQI value per each of the blocks for the second
data;

calculating a relative CQI value of the second absolute CQI
value with respect to the first absolute CQI value, per
each of the blocks, from the first absolute CQI value and
the second absolute CQI value in the same block; and

transmitting the first absolute CQI value and the relative
CQI value of the second absolute CQI value in the same
block,

wherein the relative CQI value of the second absolute CQI
value in the first block of the plurality of blocks for the
second data is calculated with respect to the first abso-
Iute CQI value in the first block of the plurality of blocks
for the first data, and the relative CQI value of the second
absolute CQI value in the second block of the plurality of
blocks for the second data is calculated with respect to
the first absolute CQI value in the second block of the
plurality of blocks for the first data.
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1
CONTROL CHANNEL SIGNALING USING A
COMMON SIGNALING FIELD FOR
TRANSPORT FORMAT AND REDUNDANCY
VERSION

FIELD OF THE INVENTION

The invention relates to a method for providing control
signalling associated to a protocol data unit conveying user
data in a mobile communication system and to the control
channel signal itself. Furthermore, the invention also pro-
vides a mobile station and a base station and their respective
operation in view of the newly defined control channel signals
defined herein.

TECHNICAL BACKGROUND

Packet-Scheduling and Shared Channel Transmission

In wireless communication systems employing packet-
scheduling, at least part of the air-interface resources are
assigned dynamically to different users (mobile stations—
MS or user equipments—UE). Those dynamically allocated
resources are typically mapped to at least one Physical Uplink
or Downlink Shared CHannel (PUSCH or PDSCH). A
PUSCH or PDSCH may for example have one of the follow-
ing configurations:

One or multiple codes ina CDMA (Code Division Multiple
Access) system are dynamically shared between mul-
tiple MS.

One or multiple subcarriers (subbands) in an OFDMA
(Orthogonal Frequency Division Multiple Access) sys-
tem are dynamically shared between multiple MS.

Combinations of the above in an OFCDMA (Orthogonal
Frequency Code Division Multiplex Access) or a MC-
CDMA (Multi Carrier-Code Division Multiple Access)
system are dynamically shared between multiple MS.

FIG. 1 shows apacket-scheduling system on a shared chan-
nel for systems with a single shared data channel. A sub-
frame (also referred to as a time slot) reflects the smallest
interval at which the scheduler (e.g. the Physical Layer or
MAC Layer Scheduler) performs the dynamic resource allo-
cation (DRA). In FIG. 1, a TTI (transmission time interval)
equal to one sub-frame is assumed. It should be born noted
that generally a TTI may also span over multiple sub-frames.

Further, the smallest unit of radio resources (also referred
to as a resource block or resource unit), which can be allo-
cated in OFDM systems, is typically defined by one sub-
frame in time domain and by one subcarrier/subband in the
frequency domain. Similarly, in a CDMA system this small-
est unit of radio resources is defined by a sub-frame in the
time domain and a code in the code domain.

In OFCDMA or MC-CDMA systems, this smallest unit is
defined by one sub-frame in time domain, by one subcarrier/
subband in the frequency domain and one code in the code
domain. Note that dynamic resource allocation may be per-
formed in time domain and in code/frequency domain.

The main benefits of packet-scheduling are the multi-user
diversity gain by time domain scheduling (TDS) and dynamic
user rate adaptation.

Assuming that the channel conditions of the users change
over time due to fast (and slow) fading, at a given time instant
the scheduler can assign available resources (codes in case of
CDMA, subcarriers/subbands in case of OFDMA) to users
having good channel conditions in time domain scheduling.
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Specifics of DRA and Shared Channel Transmission in
OFDMA

Additionally to exploiting multi-user diversity in time
domain by Time Domain Scheduling (TDS), in OFDMA
multi-user diversity can also be exploited in frequency
domain by Frequency Domain Scheduling (FDS). This is
because the OFDM signal is in frequency domain constructed
out of multiple narrowband subcarriers (typically grouped
into subbands), which can be assigned dynamically to difter-
ent users. By this, the frequency selective channel properties
due to multi-path propagation can be exploited to schedule
users on frequencies (subcarriers/subbands) on which they
have a good channel quality (multi-user diversity in fre-
quency domain).

For practical reasons in an OFDMA system the bandwidth
is divided into multiple subbands, which consist out of mul-
tiple subcarriers. 1.e. the smallest unit on which a user may be
allocated would have a bandwidth of one subband and a
duration of one slot or one sub-frame (which may correspond
to one or multiple OFDM symbols), which is denoted as a
resource block (RB). Typically, a subband consists of con-
secutive subcarriers. However, in some case it is desired to
form a subband out of distributed non-consecutive subcarri-
ers. A scheduler may also allocate a user over multiple con-
secutive or non-consecutive subbands and/or sub-frames.

For the 3GPP Long Term Evolution 3GPP TR 25.814:
“Physical Layer Aspects for Evolved UTRA”, Release 7, v.
7.1.0, October 2006—available at http://www.3gpp.org and
incorporated herein by reference), a 10 MHz system (normal
cyclic prefix) may consist out of 600 subcarriers with a sub-
carrier spacing of 15 kHz. The 600 subcarriers may then be
grouped into 50 subbands (a 12 adjacent subcarriers), each
subband occupying a bandwidth of 180 kHz. Assuming, that
a slot has a duration of 0.5 ms, a resource block (RB) spans
over 180 kHz and 0.5 ms according to this example.

In order to exploit multi-user diversity and to achieve
scheduling gain in frequency domain, the data for a given user
should be allocated on resource blocks on which the users
have a good channel condition. Typically, those resource
blocks are close to each other and therefore, this transmission
mode is in also denoted as localized mode (LM).

An example for a localized mode channel structure is
shown in FIG. 2. In this example neighboring resource blocks
are assigned to four mobile stations (MS1 to MS4) in the time
domain and frequency domain. Each resource block consists
of a portion for carrying Layer 1 and/or Layer 2 control
signaling (I.1/12 control signaling) and a portion carrying the
user data for the mobile stations.

Alternatively, the users may be allocated in a distributed
mode (DM) as shown in FIG. 3. In this configuration, a user
(mobile station) is allocated on multiple resource blocks,
which are distributed over a range of resource blocks. In
distributed mode a number of different implementation
options are possible. In the example shown in FIG. 3, a pair of
users (MSs 1/2 and MSs 3/4) shares the same resource blocks.
Several further possible exemplary implementation options
may be found in 3GPP RAN WG#1 Tdoc R1-062089, “Com-
parison between RB-level and Sub-carrier-level Distributed
Transmission for Shared Data Channel in E-UTRA Down-
link”, August 2006 (available at http://www.3gpp.org and
incorporated herein by reference).

It should be noted, that multiplexing of localized mode and
distributed mode within a sub-frame is possible, where the
amount of resources (RBs) allocated to localized mode and
distributed mode may be fixed, semi-static (constant for tens/
hundreds of sub-frames) or even dynamic (different from
sub-frame to sub-frame).
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In localized mode as well as in distributed mode in—a
given sub-frame—one or multiple data blocks (which are
inter alia referred to as transport-blocks) may be allocated
separately to the same user (mobile station) on different
resource blocks, which may or may not belong to the same
service or Automatic Repeat reQuest (ARQ) process. Logi-
cally, this can be understood as allocating different users.
L1/1.2 Control signaling

In order to provide sufficient side information to correctly
receive or transmit data in systems employing packet sched-
uling, so-called L1/L.2 control signaling (Physical Downlink
Control CHannel—PDCCH) needs to be transmitted. Typical
operation mechanisms for downlink and uplink data trans-
mission are discussed below.

Downlink Data Transmission

Along with the downlink packet data transmission, in
existing implementations using a shared downlink channel,
such as 3GPP-based High Speed Data Packet Access (HS-
DPA), L.1/1.2 control signaling is typically transmitted on a
separate physical (control) channel.

This L.1/L.2 control signaling typically contains informa-
tion on the physical resource(s) on which the downlink data is
transmitted (e.g. subcarriers or subcarrier blocks in case of
OFDM, codes in case of CDMA). This information allows the
mobile station (receiver) to identify the resources on which
the data is transmitted. Another parameter in the control sig-
naling is the transport format used for the transmission of the
downlink data.

Typically, there are several possibilities to indicate the
transport format. For example, the transport block size of the
data (payload size, information bits size), the Modulation and
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Coding Scheme (MCS) level, the Spectral Efficiency, the
code rate, etc. may be signaled to indicate the transport format
(TF). This information (usually together with the resource
allocation) allows the mobile station (receiver) to identify the
information bit size, the modulation scheme and the code rate
in order to start the demodulation, the de-rate-matching and
the decoding process. In some cases the modulation scheme
maybe signaled explicitly.

In addition, in systems employing Hybrid ARQ (HARQ),
HARQ information may also form part of the [.1/1.2 signal-
ing. This HARQ information typically indicates the HARQ
process number, which allows the mobile station to identify
the Hybrid ARQ process on which the data is mapped, the
sequence number or new data indicator, allowing the mobile
station to identify if the transmission is a new packet or a
retransmitted packet and a redundancy and/or constellation
version. The redundancy version and/or constellation version
tells the mobile station, which Hybrid ARQ redundancy ver-
sion is used (required for de-rate-matching) and/or which
modulation constellation version is used (required for
demodulation)

A further parameter in the HARQ information is typically
the UE Identity (UE ID) for identifying the mobile station to
receive the L.1/1.2 control signaling. In typical implementa-
tions this information is used to mask the CRC of the L1/L.2
control signaling in order to prevent other mobile stations to
read this information.

The table below (Table 1) illustrates an example ofa L1/1.2
control channel signal structure for downlink scheduling as
known from 3GPP TR 25814 (see section 7.1.1.2.3—
FFS=for further study):

TABLE 1

Field

Size Comment

Cat. 1
(Resource indication)

Resource assignment

Duration of assignment

ID (UE or group specific)

[8-9] Indicates the UE (or group of UEs)
for which the data transmission is
intended

Indicates which (virtual) resource
units (and layers in case of multi-
layer transmission) the UE(s) shall
demodulate.

The duration for which the
assignment is valid, could also be
used to control the TTI or persistent
scheduling.

FFS

2-3

Cat. 2 Multi-antenna related FFS Content depends on the
(transport format) information MIMO/beamforming schemes
selected.

Modulation scheme 2 QPSK, 16 QAM, 64 QAM .. . In case
of multi-layer transmission, multiple
instances may be required.

Payload size 6 Interpretation could depend on e.g.
modulation scheme and the number
of assigned resource units (c.f.
HSDPA). In case of multi-layer
transmission, multiple instances
may be required.

Cat. 3 If Hybrid ARQ 3 Indicates the hybrid ARQ process
(HARQ) asynchronous  process the current transmission is
hybrid ARQ is  number addressing.
adopted Redundancy 2 To support incremental
version redundancy.
New data 1 To handle soft buffer clearing.
indicator

If Retransmission 2 Used to derive redundancy version

synchronous sequence (to support incremental

hybrid ARQ is  number redundancy) and ‘new data

adopted indicator’ (to handle soft buffer

clearing).
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Uplink Data Transmission

Similarly, also for uplink transmissions, [.1/1.2 signaling is
provided on the downlink to the transmitters in order to
inform them on the parameters for the uplink transmission.
Essentially, the I.1/1.2 control channel signal is partly similar

6
The table below (Table 2) illustrates an example ofa L1/1.2
control channel signal structure for uplink scheduling as
known from 3GPP TR 25814 (see section 7.1.1.2.3—
FFS=for further study):

TABLE 2

Field Size Comment

Resource assignment

TF

ID (UE or group specific) [8-9] Indicates the UE (or group of UEs)
for which the grant is intended

FFS Indicates which uplink resources,

localized or distributed, the UE is

allowed to use for uplink data
transmission.

The duration for which the

assignment is valid. The use for other

purposes, e.g., to control persistent
scheduling, ‘per process’ operation,
or TTI length, is FFS.

FFS The uplink transmission parameters
(modulation scheme, payload size,
MIMO-related information, etc) the
UE shall use. If the UE is allowed to
select (part of) the transport format,
this fleld sets determines an upper
limit of the transport format the UE
may select.

Resource assignment

Duration of assignment 2-3

Transmission parameters

to the one for downlink transmissions. It typically indicates
the physical resource(s) on which the UE should transmit the
data (e.g. subcarriers or subcarrier blocks in case of OFDM,
codes in case of CDMA) and a transport format the mobile
station should use for uplink transmission. Further, the L1/1.2
control information may also comprise Hybrid ARQ infor-
mation, indicating the HARQ process number, the sequence
number or new data indicator, and further the redundancy
and/or constellation version. In addition, there may be a UE
Identity (UE ID) comprised in the control signaling.
Variants

There are several different flavors how to exactly transmit

the information pieces mentioned above. Moreover, the 49

L.1/1.2 control information may also contain additional infor-
mation or may omit some of the information. For example,
the HARQ process number may not be needed in case of
using no or a synchronous HARQ protocol. Similarly, the

redundancy and/or constellation version may not be needed, 45

if for example Chase Combining is used (i.e. always the same
redundancy and/or constellation version is transmitted) or if
the sequence of redundancy and/or constellation versions is
pre-defined.

Another variant may be to additionally include power con- 50

trol information in the control signaling or MIMO related
control information, such as e.g. pre-coding information. In
case of multi-codeword MIMO transmission transport format
and/or HARQ information for multiple code words may be

included. 55

In case of uplink data transmission, part or all of the infor-
mation listed above may be signaled on uplink, instead of on
the downlink. For example, the base station may only define
the physical resource(s) on which a given mobile station shall

transmit. Accordingly, the mobile station may select and sig- 60

nal the transport format, modulation scheme and/or HARQ
parameters on the uplink. Which parts of the [.1/[.2 control
information is signaled on the uplink and which proportion is
signaled on the downlink is typically a design issue and

depends on the view how much control should be carried out 65

by the network and how much autonomy should be left to the
mobile station.

Another, more recent suggestion of a L1/L.2 control signal-
ing structure for uplink and downlink transmission may be
found in 3GPP TSG-RAN WGI1 #50 Tdoc. R1-073870,
“Notes from offline discussions on PDCCH contents”,
August 2007, available at http://www.3gpp.org and incorpo-
rated herein by reference.

As indicated above, [L1/L.2 control signaling has been
defined for systems that are already deployed to in different
countries, such as fo