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IN THE UNITED STATES DISTRICT COURT 
FOR THE EASTERN DISTRICT OF TEXAS 

TEXARKANA DIVISION 

PANTECH CORPORATION and PANTECH 
WIRELESS, LLC 

Plaintiffs, 

v.  

LG ELECTRONICS INC., and LG 
ELECTRONICS U.S.A., INC., 

Defendants. 

Case No. 

JURY TRIAL DEMANDED 

COMPLAINT FOR PATENT INFRINGEMENT 

Plaintiffs Pantech Corporation (“Pantech Corp.”) and Pantech Wireless, LLC (“Pantech 

Wireless”) (collectively, “Plaintiffs” or “Pantech”), for their Complaint against Defendants LG 

Electronics Inc. (“LGE”) and LG Electronics U.S.A., Inc. (“LGEUS”) (collectively, “LG” or 

“Defendants”), allege the following: 

NATURE OF THE ACTION 

1. This is an action for patent infringement arising under the Patent Laws of the

United States, 35 U.S.C. § 1, et seq. 

THE PARTIES 

2. Pantech Corp. is an entity organized under the laws of South Korea, with a place of

business at 10F, 251, Gangnam-daero, Seocho-gu, Seoul 06735, Republic of Korea. 

3. Pantech Wireless is the wholly owned subsidiary of Pantech Corp. Pantech

Wireless is an entity organized under the laws of Texas, with a place of business at 3000 Polar 

Lane, #202, Cedar Park, TX 78613.  
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4. Defendant LG Electronics Inc. is a company under the laws of the Republic of 

Korea with its principal place of business at LG Twin Towers 20 Yoido-dong, Youngdungpo-gu, 

Seoul, South Korea.  

5. Defendant LG Electronics U.S.A., Inc., is a Delaware corporation with a principal 

place of business at 111 Sylvan Avenue, North Building, Englewood Cliffs, New Jersey 07632. 

LGEUS is a wholly-owned subsidiary of LGE, and has regular and established places of business 

within this District at 2153-2155 Eagle Pkwy, Fort Worth, TX 76177 and 14901 Beach St, Fort 

Worth, TX 76177. LGEUS may be served with process through its Texas registered agent, United 

States Corporation Co., 211 East 7th Street, Suite 620, Austin, Texas 78701. 

6. Defendants are or have been in the business of providing information and 

communication technology solutions. Specifically, Defendants have provided and made available 

for sale wireless telecommunications equipment, including smartphones and mobile devices. 

JURISDICTION AND VENUE 

7. This Court has subject matter jurisdiction over the subject matter of this action 

pursuant to 28 U.S.C. §§ 1331 and 1338(a) because the action arises under the patent laws of the 

United States, 35 U.S.C. § 271, et seq. 

8. This Court has personal jurisdiction over Defendants pursuant to due process and/or 

the Texas Long Arm Statute because, inter alia, (i) Defendants have done and continue to do 

business in the United States, including in the State of Texas; (ii) Defendants have committed and 

continue to commit acts of patent infringement in the United States, including in the State of Texas, 

including making, using, offering to sell, and/or selling accused products in the United States and 

Texas, and/or importing accused products into the United States and Texas, including by Internet 

sales and sales via retail and wholesale stores, inducing others to commit acts of patent 

infringement in the United States and Texas, and/or committing a least a portion of any other 
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infringements alleged herein. LGEUS has maintained regular and established places of business 

within this District at 2153-2155 Eagle Pkwy, Fort Worth, TX 76177 and 14901 Beach St, Fort 

Worth, TX 76177. The address at 14901 Beach St, Fort Worth, TX 76177 is a distribution center. 

Defendants design, manufacture, distribute, import, offer for sale, and/or sell in the State of Texas 

and the Eastern District of Texas smartphones and tablets that infringe the Patents asserted in this 

matter. Further, Defendants have consented to jurisdiction for patent infringement actions wherein 

substantially the same accused devices are at issue, for example in Spacetime3D, Inc. v. LG 

Electronics Inc. et al., No 2:22-cv-00049-RWS.  

9. In addition, or in the alternative, this Court has personal jurisdiction over LGE 

pursuant to Fed. R. Civ. P. 4(k)(2). 

10. Venue is proper in this district as to Defendants. LGEUS has maintained regular 

and established places of business within this District at 2153-2155 Eagle Pkwy, Fort Worth, TX 

76177 and 14901 Beach St, Fort Worth, TX 76177. LGE is organized under the laws of South 

Korea. 28 U.S.C. § 1391(c)(3) provides that “a defendant not resident in the United States may be 

sued in any judicial district, and the joinder of such a defendant shall be disregarded in determining 

where the action may be brought with respect to other defendants.” 

ACCUSED INSTRUMENTALITIES 

11.  Defendants make, use, sell and offer for sale, provide, and cause to be used, now 

and within the past six years, mobile phones, tablets, and certain other devices capable of operating 

on LTE and 5G cellular networks (the “Accused Instrumentalities”). 

12. For example, Defendants advertise that the LG K22; LG K31; LG Arena 2; LG 

Aristo 3+; LG Aristo 3; LG Aristo 4+; LG Aristo 5; LG Dual Screen for LG VELVET 5G; LG 

Escape Plus; LG Fortune 2; LG Fortune 3; LG G5; LG G6; LG G6+; LG G7 fit; LG G7 ThinQ; 

LG G8 ThinQ; LG G8X ThinQ; LG G8X ThinQ Dual Screen; LG Harmony 3; LG Harmony 4; 
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LG Journey LTE; LG K20; LG K30; LG K31 Rebel; LG K40; LG K51; LG K8 (2018); LG K8+; 

LG K8S; LG K8X; LG K92 5G; LG Neon Plus; LG phoenix 4; LG Phoenix 5; LG Premier Pro 

LTE; LG Prime 2; LG Q7+; LG Q70; LG Rebel 4 LTE; LG Reflect; LG Risio 3; LG Risio 4; LG 

Solo LTE; LG Stylo 3 LTE (GSM); LG Stylo 3 Plus Titanium; LG Stylo 4; LG Stylo 4 Plus; LG 

Stylo 4+; LG Stylo 5; LG Stylo 5+; LG Stylo 5x; LG Stylo 6; LG Tribute Empire; LG Tribute 

Monarch; LG Tribute Royal; LG V20; LG V30; LG V30+; LG V35 ThinQ; LG V40 ThinQ; LG 

V50 ThinQ 5G; LG V60 ThinQ 5G; LG V60 ThinQ 5G Dual Screen; LG V60 ThinQ 5G UW; LG 

VELVET 5G; LG VELVET 5G UW; LG Wine 2; LG WING 5G; LG X venture; LG Xpression 

Plus; LG Xpression Plus 2; LG Xpression Plus 3, LG G Pad 5 10.1 FHD; LG G Pad F2 8.0; LG G 

Pad X II 8.0 PLUS; LG G Pad X II 10.1"; LG G Pad F 8.0" 2nd Gen; LG G Pad X 8.0"; LG G Pad 

F 8.0" 2nd Gen; LG G Pad F 8.0; LG G Pad X 10.1"; LG G Pad X 8.3; LG G Pad F7.0; LG G Pad 

7.0 LTE; and LG G Pad 8.3 LTE devices are compliant with LTE and/or 5G cellular network 

standards. In addition, on information and belief, Defendants supply Telematic Control Unit 

(“TCU”) products that are compliant with at least LTE network standards, including Gen10, 

Gen10A, Gen10AL, Gen10ALNB, Gen10B, Gen10BL, Gen10BLNB, Gen10BTBU, Gen10C, 

Gen10CL, Gen10CLNB, Gen10D, Gen10DL, Gen10DLNB, Gen10L, Gen10LNB, and 

Gen11NAN. 

PATENTS-IN-SUIT 

13. The Asserted Patents are U.S. Patent Nos. 9,136,924; 9,854,545; 10,869,247; 

9,313,809; 9,065,486; 7,283,839; and 9,575,631. 

14. U.S. Patent No. 9,136,924 (the “’924 Patent”) is entitled “Transmitting device and 

a method of communicating therewith, and receiving device and a method of communicating 

Case 5:22-cv-00113-RWS-JBB   Document 1   Filed 09/02/22   Page 4 of 43 PageID #:  4

IPR2023-01267, -01268, -01269, 
-01270, -1272, -01273 | Page 4



 5 

therewith.” On May 7, 2020 Pantech Corp. obtained full and complete ownership, title and interest 

in the ’924 Patent.1 

15. U.S. Patent No. 9,854,545 (the “’545 Patent”) is entitled “Apparatus and method 

for establishing uplink synchronization in a wireless communication system.” On May 7, 2020 

Pantech Corp. obtained full and complete ownership, title and interest in the ’545 Patent.2 

16. U.S. Patent No. 10,869,247 (the “’247 Patent”) is entitled “Supporting uplink 

transmissions.” On April 27, 2021, Pantech Wireless obtained full and complete ownership, title 

and interest in the ’247 Patent.3 

17. U.S. Patent No. 9,313,809 (the “’809 Patent”) is entitled “Method and apparatus 

for terminating transmission of a message in an enhanced random access channel.” On April 27, 

2021, Pantech Wireless obtained full and complete ownership, title and interest in the ’809 Patent.4 

                                                 
1 The named inventor of the ’924 Patent is Kyoungmin Park. The U.S. patent application is the national stage entry of 
PCT/KR2011/004835, filed July 1, 2011, and the ’924 Patent issued on September 15, 2015. On December 28, 2012, 
the inventor assigned the application underlying the ’924 Patent to Pantech Co., Ltd. On July 6, 2016, Pantech Co., 
Ltd., transferred the interest to Pantech Inc. On Oct. 31, 2016, Pantech Inc. transferred the interest to Goldpeak 
Innovations Inc. On May 7, 2020, Goldpeak Innovations Inc. transferred the interest to Pantech Corp. 
 
2 The named inventors of the ’545 Patent are Kibum Kwon and Myungcheul Jung. The U.S. Patent application was 
filed on June 8, 2015, and the ’545 Patent issued on December 26, 2017. On August 10, 2012, the inventors assigned 
the application underlying the ’545 Patent to Pantech Co., Ltd. On July 6, 2016, Pantech Co., Ltd. transferred the 
interest to Pantech Inc. On Oct. 31, 2016, Pantech Inc. transferred the interest to Goldpeak Innovations Inc. On May 
7, 2020, Goldpeak Innovations Inc. transferred the interest to Pantech Corp. 
 
3 The named inventors of the ’247 Patent are Guodong Zhang, Sung-Hyuk Shin, Stephen E. Terry, James M. Miller, 
and Stephen G. Dick. The U.S. patent application was filed on August 31, 2020 and the ’247 Patent issued on 
December 15, 2020. On October 5, 2006, the inventors assigned the parent application, U.S. Patent App. No. 
10/962,720 and any continuations thereto, including the application underlying the ’247 Patent, to InterDigital 
Technology Corporation. On October 11, 2013, InterDigital Technology Corporation transferred the interest to 
InterDigital Holdings, Inc., who transferred the interest to InterDigital, Inc., who transferred the interest to DST 
Holdings, Inc. On October 15, 2013, DST Holdings, Inc. (InterDigital Technology Corporation, InterDigital Holdings, 
Inc., InterDigital, Inc. and DST Holdings, Inc., collectively, “InterDigital”) transferred the interest to Signal Trust for 
Wireless Innovation (“Signal Trust”). On December 30, 2020, Signal Trust transferred the interest to RnB Wireless 
LLC (“RnB Wireless”). On April 27, 2021, RnB Wireless transferred the interest to Pantech Wireless. 
 
4 The named inventors of the ’809 Patent are Benoit Pelletier, Diana Pani, Rocco DiGirolamo, Christopher R. Cave, 
Vincent Roy, Paul Marinier, and Eldad M. Zeira. The U.S. Patent Application was filed June 30, 2014, and the ’809 
Patent issued on April 12, 2016. Between November 24, 2008 and December 5, 2008, the inventors assigned the 
application underlying the ’809 Patent to InterDigital Patent Holdings, Inc. On October 11, 2013, InterDigital Patent 
Holdings, Inc. transferred the interest to InterDigital Holdings, Inc., who transferred the interest to InterDigital Inc., 
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18. U.S. Patent No. 9,065,486 (the “’486 Patent”) is entitled “Detection, avoidance 

and/or correction of problematic puncturing patterns in parity bit streams used when implementing 

turbo codes.” On April 27, 2021, Pantech Wireless obtained full and complete ownership, title and 

interest in the ’486 Patent.5 

19. U.S. Patent No. 7,283,839 (the “’839 Patent”) is entitled “Wireless communicating 

terminal for providing integrated messaging service and method thereof.” On May 7, 2020 Pantech 

Corp. obtained full and complete ownership, title and interest in the ’839 Patent.6 

20. U.S. Patent No. 9,575,631 (the “’631 Patent”) is entitled “Method for selecting and 

controlling second work process during first work process in multitasking mobile terminal.” On 

May 7, 2020 Pantech Corp. obtained full and complete ownership, title and interest in the ’631 

Patent.7 

                                                 
who transferred the interest to DST Holdings. Inc. On October 15, 2013, DST Holdings, Inc. transferred the interest 
to Signal Trust. On December 30, 2020, Signal Trust transferred the interest to RnB Wireless. On April 27, 2021, RnB 
Wireless transferred the interest to Pantech Wireless. 
 
5 The named inventors of the ’486 Patent are Philip J. Pietraski and Gregory S. Sternberg. The U.S. Patent Application 
was filed June 10, 2014, and the ’486 Patent issued on June 23, 2015. On April 28, 2004, the inventors assigned the 
application underlying the ’486 Patent to InterDigital Technology Corporation. On January 21, 2016, InterDigital 
Technology Corporation transferred the interest to InterDigital Holdings, Inc., who transferred the interest to 
InterDigital, Inc., who transferred the interest to DST Holdings. Inc. On February 9, 2016, DST Holdings, Inc. 
transferred the interest to Signal Trust. On March 17, 2016 Signal Trust transferred the interest to InterDigital Holdings, 
Inc., who transferred the interest to InterDigital, Inc., who transferred the interest to DST Holdings. Inc. On December 
30, 2020, DST Holdings. Inc. transferred the interest to RnB Wireless. On April 27, 2021, RnB Wireless transferred 
the interest to Pantech Wireless. 
 
6 The named inventors of the ’839 Patent are Jin-Woo You and SangWoo Suk. The U.S. Patent Application was filed 
April 13, 2005, and the ’839 Patent issued on October 16, 2007. On July 8, 2005, the inventors assigned the application 
underlying the ’839 Patent to Curitel Communications, Inc. On August 2, 2002, Curitel Communications Inc. changed 
its name to Pantech & Curitel Communications Inc. On December 30, 2009, Pantech & Curitel Communications Inc. 
transferred its interest to Pantech Co., Ltd. On October 22, 2015, Pantech Co., Ltd. transferred its interest to Pantech 
Inc. On Oct. 31, 2016, Pantech Inc. transferred the interest to Goldpeak Innovations Inc. On May 7, 2020, Goldpeak 
Innovations Inc. transferred the interest to Pantech Corp. 
 
7 The named inventors of the ’631 Patent are Seul Ki Choi and Sang Jin Yoon. The U.S. Patent Application was filed 
January 29, 2016, and the ’631 Patent issued on February 21, 2017. On July 10, 2006, the inventors assigned the 
application underlying the ’631 Patent to Pantech & Curitel Communications Inc. On December 30, 2009, Pantech & 
Curitel Communications Inc. transferred its interest to Pantech Co., Ltd. On October 22, 2015, Pantech Co., Ltd. 
transferred its interest to Pantech Inc. On Oct. 31, 2016, Pantech Inc. transferred the interest to Goldpeak Innovations 
Inc. On May 7, 2020, Goldpeak Innovations Inc. transferred the interest to Pantech Corp. 
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21. Pantech Corp. is the rightful owner of the ’924, ’545, ’839, and ’631 Patents and 

holds the entire right, title and interest in the ’924, ’545, ’839, and ’631 Patents, including the right 

to collect for past damages. 

22. Pantech Wireless is the rightful owner of the ’247, ’809, and ’486 Patents and holds 

the entire right, title and interest in the ’247, ’809, and ’486 Patents, including the right to collect 

for past damages. 

BACKGROUND 

Pantech Corp. and the Asserted Patents 

23. Pantech Co., Ltd., the predecessor in interest to what is now Pantech Corp.,8 was 

originally founded in 1991 in Seoul, South Korea as a competitor in the wireless phone 

marketplace. 

24. Throughout the 1990s and 2000s, Pantech rose to become a leading manufacturer 

of mobile phones. By 2012, Pantech had become the second best-selling Korean handset maker. 

25. Pantech’s products were sold in South Korea, the United States, Japan, China, 

Europe, Vietnam, and other countries around the world. Pantech launched operations in the United 

States in 2003. 

26. Pantech’s portfolio of intellectual property is broad and extensive, comprising 

thousands of worldwide patents and patent applications in the areas of telecommunications, “smart” 

devices, and Internet of Things products. Pantech’s portfolio, in one aspect, covers wireless 

communication systems and devices and methods for using those communication systems. In the 

                                                 
 
8 Pantech Co., Ltd. was formed in 1991, and as the result of a restructuring and acquisition in 2015 became Pantech, 
Inc. Thereafter, Pantech Corporation was formed. Pantech, Inc. transferred its assets to Pantech Corp. as part of an 
asset sale in 2020 (these three entities are hereinafter referred to collectively as “Pantech”). 
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 8 

wireless technology space alone, Pantech holds more than 200 U.S. patents and applications, many 

of which have been declared standard essential patents. 

27. Pantech has invested heavily in research and development, investing, on average, 

over 10% of its annual revenue in research and development. Pantech’s research and development 

efforts in network technology include, but are not limited to, technologies focused on LTE & 5G 

networks, WCDMA/CDMA, WiMAX, Wi-Fi, Near Field Communication (NFC), Visible Light 

Communication, Human Body Communication, Ultra-Wideband Communication and IP Mesh 

Network. 

28. Over the last decade, Pantech has enthusiastically contributed to the 3rd Generation 

Partnership Project (3GPP) LTE/LTE-A standardization by submitting proposals to TSG RAN, 

RAN1, and RAN2. Indeed, Pantech secured numerous LTE Standard Essential Patents and patent 

applications (SEPs) in connection with its contributions. In 2014, National Applied Research Labs 

in Taiwan reported that Pantech held 1% of LTE-related SEPs, and that number has only increased 

since 2014. 

29. Recognizing the value of its own portfolio and its potential role in the Fourth 

Industrial Revolution, Pantech has committed to making its intellectual property available in the 

marketplace, including to competitors. On its website, under the heading “IP Umbrella Services,” 

Pantech offers to exchange intellectual property and technology, and collaborate with competitors 

and patent holders, through licenses, to enable the market to identify new technological ventures. 

30. Pantech Corp. is the owner by assignment of a portfolio of patents, including the 

Asserted Patents described in paragraphs 14, 15, 19, and 20 and in detail in the counts below, that 

relate to mobile device user interface features and technology for cellular communications 
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networks, including variations or generations of cellular communication network technology such 

as, but not limited to LTE, as discussed herein. 

Pantech Wireless and the Asserted Patents 

31. InterDigital is a wireless research and development company that has, for decades, 

been a pioneer in the development of fundamental wireless technologies that are at the core of 

mobile devices, networks, and services worldwide. InterDigital has been one of the major 

contributors to worldwide wireless standards over the past 20 years. 

32. In 2013, InterDigital established Signal Trust to monetize various patents and 

patent applications relating to cellular wireless technologies developed by InterDigital’s engineers 

and researchers over more than a decade. Distributions from Signal Trust were earmarked to, 

among other things, support continued research related to cellular wireless technologies, as well 

as scholarly analysis of intellectual property rights and the technological, commercial, and creative 

innovations they facilitate. 

33. A portion of the patent portfolio originally created by InterDigital and transferred 

to Signal Trust was thereafter transferred to RnB Wireless and then to Pantech Wireless.  

34. Pantech Wireless is the owner by assignment of a portfolio of patents, including the 

Asserted Patents described in paragraphs 16-18 above and in the counts below, that relate to 

technologies used in cellular communications networks and associated devices, including, but not 

limited to 3G, 4G/LTE, and 5G technologies, as discussed herein. 

Negotiations Between the Parties 

35. Cellular communication network technology is used to provide data transmission 

across mobile cellular networks. 
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36. It is critical for cellular communication network technology to be standardized

around the globe. Independent standard-setting organizations, like the European 

Telecommunications Standards Institute (ETSI), establish global standards for the 

telecommunication industries. ETSI, along with other standard-setting organizations, have made 

it possible to have global interoperability between networks, devices and network operators. 

37. ETSI sets forth a policy in order to balance intellectual property protections against

the need for an open standard by designating certain intellectual property rights (IPR) as “essential.” 

ETSI sets forth the following definition of “essential”: 

“ESSENTIAL” as applied to IPR means 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 METHODS which comply with a 
STANDARD without infringing that IPR. For the avoidance of doubt in exceptional 
cases where a STANDARD can only be implemented by technical solutions, all of which 
are infringements of IPRs, all such IPRs shall be considered ESSENTIAL. 

Clause 15.6 of the ETSI IPR Policy, https://www.etsi.org/images/files/IPR/etsi-ipr-policy.pdf. 

38. Defendants are required to have a license to one or more essential patents owned

by Pantech Corp. and Pantech Wireless including the Asserted Patents that are identified as 

essential. 

39. On September 22, 2020, Pantech Corp. first sent a letter to LGE and LGEUS

offering to license patents currently owned and/or managed by Pantech Corp., including those that 

are essential to cellular standards including LTE and LTE-Advanced. The correspondence 

identified Defendants’ products that were covered by claims of the offered patents, identified 

exemplary patents infringed by LG and its customers and users, including the asserted ’545 

and ’839 Patents, and attached a list of Pantech’s patents. On January 27, 2021, Pantech Corp. 

provided LGE with follow-up correspondence offering again to license its patent portfolio. The 
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correspondence again identified exemplary patents infringed by LG and its customers and users, 

including the asserted ’924 and ’631 Patents, and set forth Pantech’s FRAND offer.  

40. Following the January 27, 2021 letter, Pantech Corp. engaged in additional 

communication with LGE through emails, letters, and meetings regarding licensing patents owned 

by Pantech Corp., including those that are essential to cellular standards including LTE and 5G. 

For example, Pantech Corp. provided additional details regarding its portfolio, exemplary patents, 

and or its licensing proposal to LGE on at least February 15, 2021, March 10, 2021, and June 23, 

2021, at which time discussions were enlarged to also include Pantech Wireless’s portfolio. As set 

forth in further detail below, such discussions did not lead to a license. 

41. On February 27, 2015, Signal Trust first sent a letter to Mr. Joo Sup Kim, Vice 

President of Intellectual Property for LG Electronics, Inc., offering to license Signal Trust’s 

wireless patent portfolio, a portion of which is now owned by Pantech Wireless and includes the 

asserted ’247, ’809, and ’486 Patents. Signal Trust followed up with additional correspondence, 

dated April 22, 2015, to Jeongsu Kang of LGE, providing LGE with claim charts for exemplary 

patents and identifying exemplary infringing LGE products. The provided claim charts included 

claim charts for priority patents to each of the asserted ’247 and ’809 Patents. On April 29, 2016, 

Signal Trust provided additional claim charts to LGE, including one for the asserted ’809 Patent. 

The parties thereafter exchanged correspondence and/or held meetings regarding these patents or 

their families on at least May 3, 2016, October 19, 2016; November 2, 2016; February 10, 2017; 

February 15, 2017 (on which date a claim chart for the ’486 patent was provided to LGE); April 

19, 2017; September 7, 2017 (on which date LGE was provided new claim chart for another 

priority patent to the ’247 Patent and the parties discussed the ’486 Patent); December 12, 2017; 

May 8, 2018; August 23, 2019 (on which date LGE was provided yet another priority patent to 
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the ’247 Patent); November 20, 2019; January 29, 2020; February 6, 2020; and July 3, 2020. The 

parties held at least three additional meetings and exchanged extensive correspondence regarding 

licensing terms during this timeframe as well.  

42. On May 6, 2021, Pantech Corp. followed up on Signal Trust’s prior negotiations 

by sending an email notifying LGE that Pantech Wireless had acquired a portion of the Signal 

Trust portfolio of patents, including the asserted ’247, ’809, and ’486 Patents. On July 12, 2021, 

Pantech Corp. sent another letter to Mr. Sehyun Steve Kim of LGE wherein it reiterated its prior 

notification that Pantech Wireless had acquired a portion of the Signal Trust portfolio of patents 

and provided a list of the acquired patents. In this correspondence, Pantech specifically identified 

the asserted ’247 Patent as an exemplary infringed patent and made a licensing offer that included 

the Pantech Wireless patents.  

43. Since advising LGE of the Signal Trust portfolio acquisition, Pantech Corp. (on 

behalf of itself and Pantech Wireless) continued to engage in negotiations with LGE regarding a 

license to the Pantech Corp. and Pantech Wireless portfolios. The parties exchanged additional 

emails and letters, and held additional meetings, on at least September 16, 2021, September 28, 

2021, October 12, 2021, November 30, 2021, December 22, 2021, January 4, 2022, June 30, 2022, 

and July 28, 2022. At these meetings, the parties held technical discussions regarding exemplary 

patents and also discussed Pantech’s FRAND offer.  

44. Pantech (and Signal Trust before it) has continuously attempted to license to LG 

their patents—including the patents asserted herein—for years on fair, reasonable, and 

nondiscriminatory terms (“FRAND”), yet LG has still elected not to license Pantech’s patents. 

Indeed, despite the amount of time that has passed since Pantech first reached out, LG has never 

provided Pantech a counter offer. The result is that LG is an unwilling licensee that has, for several 
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years, made, used, sold, and offered for sale, and continues today to make, use, sell and offer for 

sale Pantech’s patented technology without license. 

45. In accordance with ETSI’s policy, Pantech Corp. and Pantech Wireless (through 

Pantech Corp.) provided Defendants with multiple license offers on terms that are FRAND for 

both the Pantech Corp. and Pantech Wireless patents. The United States Department of Justice, 

with the United States Patent and Trademark Office (USPTO) and the National Institute of 

Standards and Technology (NIST), have made clear that patent owners and potential licensees of 

essential patents should “engage in good-faith negotiations to reach F/RAND license terms” to 

“help reduce the costs and other burdens associated with litigation.” 2019 Policy Statement on 

Remedies for SEPs Subject to Voluntary F/RAND Commitments, 

https://www.justice.gov/atr/page/file/1228016/download (December 19, 2019). 

46. Pantech Corp. and Pantech Wireless have made continuous and good faith efforts 

to negotiate a FRAND license with Defendants, including but not limited to providing technical 

details regarding the Asserted Patents and their “standards essential” nature and offering to license 

the Asserted Patents and other offered patents on FRAND terms. However, Defendants have not 

engaged in good faith discussions or negotiations with Pantech Corp. or Pantech Wireless. 

47. Defendants have been operating and continue to operate without a license to 

Plaintiffs’ standards-essential and other patents. The parties’ licensing negotiations to-date have 

been unsuccessful because Defendants refused to accept Plaintiffs’ FRAND licensing offers.  

COUNT I – INFRINGEMENT OF U.S. PATENT NO. 9,136,924 

48. The allegations set forth in the foregoing paragraphs 1 through 47 are incorporated 

into this claim for relief. 

49. On September 15, 2015, the ’924 Patent, entitled “Transmitting device and a 

method of communicating therewith, and receiving device and a method of communicating 
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therewith” was duly and legally issued by the United States Patent and Trademark Office from 

U.S. Patent Application No. 13/807,706, which was the national stage entry of International 

Application No. PCT/KR2011/004835, filed on July 1, 2011. The ’924 Patent claims priority to 

KR 10-2010-0064573, filed on July 5, 2010. A true and correct copy of the ’924 Patent is attached 

as Exhibit 1. 

50. Pantech Corp. is the assignee and owner of all right, title and interest in and to 

the ’924 Patent, including the right to assert all causes of action arising under said patent and the 

right to any remedies for its infringement. 

51. The ’924 Patent discloses at least apparatuses and methods for receiving codebook 

restriction information in a wireless system to restrict precoding matrixes of precoding matrix 

groups and transmit precoding matrix information indicating selecting a precoding matrix based 

on codebook restricting information. Codebook restriction may improve communication in a 

wireless system by, for example, reducing inter-cell interference in advance, improve 

communication quality, and so on. This codebook restriction scheme, for example, generates a 

codebook including various precoding matrices, selects a precoding matrix to be used/not used in 

the codebook for each cell or each user equipment, and uses different codebooks for each cell or 

each user equipment based on codebook restricting information associated with a precoding matrix 

to be not used. For example, claims 17-19, 22-25, and 28 of the ’924 Patent recite elements of 

channel status information (CSI) reporting using a codebook restriction scheme mandated by the 

5G standard, including at least 3GPP TS 38.214, TS 38.321, and TS 38.331. See 3GPP TS 38.214 

v16.5.0 at 50, 55, 67-70, 164 (§§ 5.2.1.1, 5.2.1.4.2, 5.2.2.2.1, 8.5.3) (discussing CSI reporting 

configuration and codebook restriction); 3GPP TS 38.321 v16.5.0 at 80 (§ 5.18.3) (discussing 

aperiodic CSI trigger state subselection); 3GPP TS 38.331 v16.5.0 at 70-71, 374-75, 384-87, 401, 
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405-06, 409-13, (§§ 5.3.5.5, 6.3.2) (discussing cell group configuration, codebook configuration 

and restriction). 

52. Upon information and belief, Defendants have and continue to directly infringe at 

least claims 17-19, 22-25, and 28 of the ’924 Patent by making, using, selling, importing, offering 

to sell within the United States, importing into the United States, and providing to and within the 

United States, Accused Instrumentalities that practice at least claims 17-19, 22-25, and 28 of 

the ’924 Patent (the “LG Accused ’924 Instrumentalities”). Defendants also have and continue to 

directly infringe at least claims 17-19, 22-25, and 28 by practicing claims 17-19, 22-25, and 28 

through the LG Accused ’924 Instrumentalities, and by causing the LG Accused ’924 

Instrumentalities to practice the patented inventions. 

53. LG Accused ’924 Instrumentalities include, for example, the LG V60 ThinQ 5G 

and other 5G-compatible devices. 

54. Defendants were made aware of the ’924 Patent family and their infringement 

thereof at least as early as September 22, 2020, when the ’924 Patent was identified in 

correspondence sent to Defendants by Pantech Corp.  

55. Since at least as early as September 22, 2020, Defendants’ infringement has been, 

and continues to be willful. 

56. Upon information and belief, the LG Accused ’924 Instrumentalities are used, 

marketed, provided to, and/or used by or for Defendants’ partners, clients, customers/subscribers 

and end users across the country and in this district.  

57. Upon information and belief, Defendants have induced and continue to induce 

others to infringe at least claims 17-19, 22-25, and 28 of the ’924 Patent under 35 U.S.C. § 271(b) 

by, among other things, and with specific intent or willful blindness, actively aiding and abetting 

Case 5:22-cv-00113-RWS-JBB   Document 1   Filed 09/02/22   Page 15 of 43 PageID #:  15

IPR2023-01267, -01268, -01269, 
-01270, -1272, -01273 | Page 15



16 

others to infringe, including, but not limited to Defendants’ partners, clients, customers/subscribers, 

and end users, whose use of the LG Accused ’924 Instrumentalities constitutes direct infringement 

of at least claims 17-19, 22-25, and 28 of the ’924 Patent. For example, Defendants advertise and 

have advertised the use of the LG Accused ’924 Instrumentalities for 5G communications. See 

https://www.lg.com/us/cell-phones/lg-lmv600amaattcb-att-v60-thinq-5g. 

58. In particular, Defendants’ actions that aid and abet others such as their partners,

customers/subscribers, clients, and end users to infringe include advertising and distributing the 

LG Accused ’924 Instrumentalities, and providing instruction materials, training and services 

regarding the LG Accused ’924 Instrumentalities.  

59. Any party, including Defendants’ partners, clients, customers/subscribers, and end

users, using the LG Accused ’924 Instrumentalities necessarily infringes the ’924 Patent because 

the inventions of the ’924 Patent are required to comply with the 5G cellular standard (3GPP TS 

38.214, TS 38.321, and TS 38.331). Defendants advertise the LG Accused ’924 Instrumentalities 

as compliant with 5G, which induces others to infringe the ’924 Patent. Defendants have 

knowingly induced infringement since at least September 22, 2020, when Defendants were first 

made aware of the ’924 Patent, as discussed above. 

60. Upon information and belief, Defendants are liable as contributory infringers of

the ’924 Patent under 35 U.S.C. § 271(c) by offering to sell, selling and importing into the United 

States the LG Accused ’924 Instrumentalities that infringe the patented inventions, to be especially 

made or adapted for use in an infringement of the ’924 Patent. Each of the LG Accused ’924 

Instrumentalities is a material component for use in practicing the ’924 Patent and is specifically 

made and not a staple article of commerce suitable for substantial non-infringing use. In particular, 
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each of the LG Accused ’924 Instrumentalities is advertised to be compliant with the relevant 

standards and primarily used in compliance with such standards. 

61. Pantech Corp. has been harmed by Defendants’ infringing activities. 

COUNT II – INFRINGEMENT OF U.S. PATENT NO. 9,854,545 

62. The allegations set forth in the foregoing paragraphs 1 through 61 are incorporated 

into this claim for relief. 

63. On December 26, 2017, the ’545 Patent, entitled “Apparatus and method for 

establishing uplink synchronization in a wireless communication system” was duly and legally 

issued by the United States Patent and Trademark Office from U.S. Patent Application No. 

14/733,068, filed on June 8, 2015. The ’545 Patent claims priority to U.S. Patent Application No. 

13/578,531, filed as PCT/KR2011/000909 on February 10, 2011, as well as Korean Patent 

Publication KR10-2010-0012564, filed February 10, 2010, Korean Patent Publication KR10-

2010-0027230, filed March 26, 2010, and Korean Patent Publication KR10-2010-0008683, filed 

January 28, 2010. A true and correct copy of the ’545 Patent is attached as Exhibit 2. 

64. Pantech Corp. is the assignee and owner of all right, title and interest in and to 

the ’545 Patent, including the right to assert all causes of action arising under said patent and the 

right to any remedies for their infringement. 

65. The ’545 Patent discloses at least apparatuses and methods for establishing uplink 

synchronization in a wireless communication with respect to at least one Component Carrier 

(“CC”), through the use of timing groups. For instance, a user equipment configures one or more 

uplink timing groups based on information received through Radio Resource Control (RRC) 

signaling, transmits a Random Access Preamble (RAP) through one or more CCs in a respective 

timing group, and receives in response a timing advance value to apply to uplink CCs in the timing 

group. For example, claims 2 and 3 of the ’545 Patent recite elements of the carrier aggregation 
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functionality mandated by at least the LTE Advanced standard, including at least the following 

3GPP technical specifications: TS 36.300, TS 36.321, TS 36.213, TS 36.211, and TS 36.331, 

Release 11 and higher. See, e.g., 3GPP 36.331 v11.2.0 at 51 (§ 5.3.5.3), 64 (§ 5.3.10.0), 66 

(5.3.10.4) (the UE receives, through RRC signaling, configuration information relating to 

secondary timing advance group sTAG for a secondary component carrier); 3GPP TS 36.300 

v11.6.0 at 48 (§ 5.5), 60 (§ 7.5), 72 (§ 10.1.2.7) (specifying multiple timing advance capability and 

multiple timing advance groups; addition and configuration of secondary cells with uplink 

component carriers; and use of timing reference cells); id. at 72-75 (§ 10.1.5) (random access 

procedure used to obtain timing advance alignment for secondary timing advance group ("sTAG")); 

id. at 74-75 (§ 10.1.5.2) (specifying random access procedure steps performed by the UE including 

transmission of random access preamble and reception of random access response); 3GPP TS 

36.321 v11.1.0 at 17-18 (§ 5.2), 43-44 (§ 6.1.5), 46 (§ 6.2.3) (MAC Random Access Responses 

include Timing Advance Command; UE applies Timing Advance Command upon receiving 

MAC); 3GPP TS 36.213 v11.1.0 at 9-10 (§ 4.2.3) (UE adjusts uplink transmission timing of sTAG 

upon reception of Timing Advance Command); 3GPP TS 36.211 v11.1.0 at 104 (§ 8.1) (specifying 

uplink-downlink frame timing). Compliance with these technical specifications, and thus with at 

least the LTE Advanced standard, requires the use of the invention recited in at least claims 2 and 

3 of the ’545 Patent, including the functionality described in this paragraph. 

66. Furthermore, claims 2 and 3 of the ’545 Patent also recite elements of the carrier 

aggregation and/or multi-radio dual connectivity functionality mandated by at least the 5G 

standard, including at least the following 3GPP technical specifications: TS 36.300, TS 36.213, 

TS 36.321, TS 36.211, TS, 36.331, TS 37.340, TS 38.300, TS 38.321, and TS 38.331, Release 16 

and higher. See, e.g., 3GPP TS 38.300 v16.0.0 at 8 (§ 1), 11-12 (§ 4.1), 24 (Section 5.4.1) 
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(specifying architecture including a gNB for providing NR connectivity interconnected with an 

eNB for providing EUTRA connectivity; specifying multiple timing advance capability and 

multiple timing advance groups); 3GPP TS 38.331 v16.0.0 at 55-56 (§ 5.3.5.1), 57 (§ 5.3.5.3), 62-

66 (§ 5.3.5.5 , 239-41 (§ 6.2.2), 605 (UE receives RRC signaling, including RRCReconfiguration 

with mrdc-SecondaryCellGroupConfig; specifying configuration of Master Cell Group and 

Secondary Cell Group, and configuration and addition of timing groups); 3GPP TS 38.321 v16.0.0 

at 9 (§ 3.1) (timing advance group comprises a group of serving cells using the same timing 

reference cell and Timing Advance value); 3GPP TS 37.340 v16.2.0 at 7-12, 15 (§ 6.1), 27-28 (§ 

10.2.2) (providing for Multi-Radio Dual Connectivity (“MR-DC”) and NR-E-UTRA Dual 

Connectivity; specifying Secondary Node Addition procedure including reception by the UE of a 

SN RRC reconfiguration message originating from the SN and relayed by the MN to the UE; MR-

DC supports random access procedure and MAC entities); 3GPP TS 36.300 v16.0.0 at 116 (§ 

10.1.2.7) (specifying that eNB maintains timing advance; disclosing multiple groups and use of 

timing reference cells); id. at 136-40 (§ 10.1.5) (random access procedure used to obtain timing 

advance alignment for secondary timing advance group (“sTAG”)); 3GPP TS 36.321 v16.0.0 at 

31-32 (§ 5.2), 94 (§ 6.1.3.5), 110-11 (§ 6.1.5), 117 (§ 6.2.3) (MAC Random Access Responses 

include Timing Advance Command; UE applies Timing Advance Command upon receiving 

MAC); 3GPP TS 36.213 v16.0.0 at 12-13 (§ 4.2.3) (UE adjusts uplink transmission timing of 

sTAG upon reception of Timing Advance Command); 3GPP TS 36.211 v16.0.0 at 193 (§8.1) 

(specifying uplink-downlink frame timing); 3GPP 36.331 at 121-23 (§ 5.3.5.3) (the UE performs 

secondary cell group configuration in response to RRC signaling). Compliance with these 

technical specifications, and thus with at least the 5G standard, requires the use of the invention 
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recited in at least claims 2 and 3 of the ’545 Patent, including the functionality described in this 

paragraph. 

67. Upon information and belief, Defendants have and continue to directly infringe at 

least claims 2 and 3 of the ’545 Patent by making, using, selling, importing, offering to sell within 

the United States, importing into the United States, and providing to and within the United States, 

Accused Instrumentalities that practice at least claims 2 and 3 of the ’545 Patent (the “LG 

Accused ’545 Instrumentalities”). Defendants also have and continue to directly infringe at least 

claims 2 and 3 by practicing claims 2 and 3 through the LG Accused ’545 Instrumentalities, and 

by causing the LG Accused ’545 Instrumentalities to practice the patented inventions. 

68. LG Accused ’545 Instrumentalities include, for example, the LG V60 ThinQ 5G 

and other LTE-compatible products that support LTE carrier aggregation and/or other 5G-

compatible products that support carrier aggregation and/or multi-radio dual connectivity. On 

information and belief, each of the LG Accused ’545 Instrumentalities incorporates at least one 

processor configured to comply with (1) LTE Advanced, including supporting LTE carrier 

aggregation, and thus including at least the following 3GPP technical specifications: TS 36.300, 

TS 36.321, TS 36.213, TS 36.211, and TS 36.331, each Release 11 and higher; and/or (2) 5G, 

including supporting carrier aggregation and/or multi-radio dual connectivity mandated by the 5G 

standard, and thus including at least the following 3GPP technical specifications: TS 36.300, TS 

36.213, TS 36.321, TS 36.211, TS, 36.331, TS 37.340, TS 38.300, TS 38.321, and TS 38.331, 

Release 16 and higher. 

69. LG Accused ’545 Instrumentalities incorporate a chipset, application processor, 

SoC, or system-on-chip that, on information and belief, support (1) LTE carrier aggregation; 

and/or (2) 5G carrier aggregation and/or multi-radio dual connectivity. On information and belief, 
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each incorporated chipset, application processor, SoC, or system-on-chip complies with one or 

more of LTE Advanced cellular communication protocols (including at least 3GPP TS 36.300, TS 

36.321, TS 36.213, TS 36.331, and TS 36.211, Release 11 or later) and 5G cellular communication 

protocols (including at least TS 36.300, TS 36.213, TS 36.321, TS 36.211, TS, 36.331, TS 37.340, 

TS 38.300, TS 38.321, and TS 38.331, Release 16 or later). 

70. Defendants were made aware of the ’545 Patent family and their infringement 

thereof at least as early as September 22, 2020, when the ’545 Patent was identified in 

correspondence sent to Defendants by Pantech Corp.  

71. Since at least as early as September 22, 2020, Defendants’ infringement has been, 

and continues to be willful. 

72. Upon information and belief, the LG Accused ’545 Instrumentalities are used, 

marketed, provided to, and/or used by or for Defendants’ partners, clients, customers/subscribers 

and end users across the country and in this district.  

73. Upon information and belief, Defendants have induced and continue to induce 

others to infringe at least claims 2 and 3 of the ’545 Patent under 35 U.S.C. § 271(b) by, among 

other things, and with specific intent or willful blindness, actively aiding and abetting others to 

infringe, including, but not limited to Defendants’ partners, clients, customers/subscribers, and end 

users, whose use of the LG Accused ’545 Instrumentalities constitutes direct infringement of at 

least claims 2 and 3 of the ’545 Patent. For example, Defendants advertise and have advertised the 

use of the LG Accused ’545 Instrumentalities for LTE and 5G communications. See 

https://www.lg.com/us/cell-phones/lg-lmv600amaattcb-att-v60-thinq-5g.  

74. In particular, Defendants’ actions that aid and abet others such as their partners, 

customers/subscribers, clients, and end users to infringe include advertising and distributing the 
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LG Accused ’545 Instrumentalities, and providing instruction materials, training and services 

regarding the LG Accused ’545 Instrumentalities.  

75. Any party, including Defendants’ partners, clients, customers/subscribers, and end

users, using the LG Accused ’545 Instrumentalities necessarily infringes the ’545 Patent because 

the inventions of the ’545 Patent are required to comply with the LTE and 5G cellular standards 

identified in the preceding paragraphs of this Count. Defendants advertise the LG Accused ’545 

Instrumentalities as compliant with LTE and 5G, which induces others to infringe the ’545 Patent. 

Defendants have knowingly induced infringement since at least September 22, 2020, when 

Defendants were first made aware of the ’545 Patent, as discussed above. 

76. Upon information and belief, Defendants are liable as contributory infringers of

the ’545 Patent under 35 U.S.C. § 271(c) by offering to sell, selling and importing into the United 

States the LG Accused ’545 Instrumentalities that infringe the patented inventions, to be especially 

made or adapted for use in an infringement of the ’545 Patent. Each of the LG Accused ’545 

Instrumentalities is a material component for use in practicing the ’545 Patent and is specifically 

made and not a staple article of commerce suitable for substantial non-infringing use. In particular, 

each of the LG Accused ’545 Instrumentalities is advertised to be compliant with the relevant 

standards and primarily used in compliance with such standards. 

77. Pantech Corp. has been harmed by Defendants’ infringing activities.

COUNT III – INFRINGEMENT OF U.S. PATENT NO. 10,869,247 

78. The allegations set forth in the foregoing paragraphs 1 through 77 are incorporated

into this claim for relief. 

79. On December 15, 2020, the ’247 Patent, entitled “Supporting Uplink

Transmissions,” was duly and legally issued by the United States Patent and Trademark Office 

from U.S. Patent Application No. 17/008,439, filed on August 31, 2020. The ’247 Patent claims 
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priority to at least provisional application No. 60/517,656, filed on November 5, 2003. A true and 

correct copy of the ’247 Patent is attached as Exhibit 3. 

80. Pantech Wireless is the assignee and owner of all right, title and interest in and to 

the ’247 Patent, including the right to assert all causes of action arising under said patent and the 

right to any remedies for infringement of it. 

81. The ’247 Patent discloses at least a method and an apparatus for supporting uplink 

transmissions. For example, the ’247 Patent discloses a method of transmitting a data block to a 

base station using a hybrid automatic repeat request (H-ARQ) process, receiving uplink scheduling 

information from the base station, and determining whether to retransmit the data block based on 

the received uplink scheduling information and not based on whether the UE has received a 

negative acknowledgment (NACK) from the base station. Compliance with 3GPP TS 38.212 and 

TS 38.321, as required by at least the 5G cellular standard, requires the use of the inventions recited 

in at least claims 1, 2, 8, 11, 12, and 18 of the ’247 Patent, including the functionality described in 

this paragraph. See 3GPP TS 38.212 V15.8.0 at 74 (disclosing receiving uplink scheduling 

information) and TS 38.321 V15.8.0 at 28 (disclosing transmission of data to a base station using 

a HARQ process). 

82. Upon information and belief, Defendants have and continue to directly infringe at 

least claims 1, 2, 8, 11, 12, and 18 of the ’247 Patent by making, using, selling, importing, offering 

to sell within the United States, importing into the United States, and providing to and within the 

United States, Accused Instrumentalities that practice at least claims 1, 2, 8, 11, 12, and 18 of 

the ’247 Patent (the “LG Accused ’247 Instrumentalities”). Defendants also have and continue to 

directly infringe at least claims 1, 2, 8, 11, 12, and 18 by practicing claims 1, 2, 8, 11, 12, and 18 
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through the LG Accused ’247 Instrumentalities, and by causing the LG Accused ’247 

Instrumentalities to practice the patented inventions. 

83. LG Accused ’247 Instrumentalities include, for example, the LG V60 ThinQ 5G 

and other 5G-compatible products that transmit data using a hybrid automatic repeat request (H-

ARQ) in compliance with 3GPP TS 38.212 and TS 38.321. On information and belief, each of the 

LG Accused ’247 Instrumentalities incorporates at least one processor configured to comply with 

one or more of 5G cellular communication protocols. 

84. Defendants were made aware of the ’247 Patent family and their infringement 

thereof at least as early as April 22, 2015, when a family member was identified in exemplary 

claim charts sent to LGE by Signal Trust. Pantech Corp., on behalf of itself and Pantech Wireless, 

followed up with additional correspondence identifying the ’247 Patent and LGE’s infringement 

thereof again on July 12, 2021.  

85. Since at least July 12, 2021, when it was made aware of the ’247 Patent by Pantech 

Corp. on behalf of Pantech Wireless, Defendants’ infringement has been, and continues to be, 

willful. 

86. Upon information and belief, the LG Accused ’247 Instrumentalities are used, 

marketed, provided to, and/or used by or for Defendants’ partners, clients, customers/subscribers 

and end users across the country and in this district.  

87. Upon information and belief, Defendants have induced and continue to induce 

others to infringe at least claims 1, 2, 8, 11, 12, and 18 of the ’247 Patent under 35 U.S.C. § 271(b) 

by, among other things, and with specific intent or willful blindness, actively aiding and abetting 

others to infringe, including, but not limited to Defendants’ partners, clients, customers/subscribers, 

and end users, whose use of the LG Accused ’247 Instrumentalities constitute direct infringement 
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of at least claims 1, 2, 8, 11, 12, and 18 of the ’247 Patent. For example, LG advertises and has 

advertised the use of its devices for 5G communications. See https://www.lg.com/us/cell-

phones/lg-lmv600amaattcb-att-v60-thinq-5g. 

88. In particular, Defendants’ actions that aid and abet others such as their partners, 

customers/subscribers, clients, and end users to infringe include advertising and distributing the 

LG Accused ’247 Instrumentalities, and providing instruction materials, training and services 

regarding the LG Accused ’247 Instrumentalities.  

89. Any party, including Defendants’ partners, clients, customers/subscribers, and end 

users, using the LG Accused ’247 Instrumentalities necessarily infringes the ’247 Patent because 

the inventions of the ’247 Patent are required to comply with the 5G cellular standard (3GPP TS 

38.212 and TS 38.321). Defendants advertise the LG Accused ’247 Instrumentalities as compliant 

with 5G, which induces others to infringe the ’247 Patent. Defendants have knowingly induced 

infringement since at least as early as July 12, 2021. 

90. Upon information and belief, Defendants are liable as contributory infringers of 

the ’247 Patent under 35 U.S.C. § 271(c) by offering to sell, selling and importing into the United 

States the LG Accused ’247 Instrumentalities that infringe the patented inventions, to be especially 

made or adapted for use in an infringement of the ’247 Patent. Each of the LG Accused ’247 

Instrumentalities is a material component for use in practicing the ’247 Patent and is specifically 

made and not a staple article of commerce suitable for substantial non-infringing use. In particular, 

each of the LG Accused ’247 Instrumentalities is advertised to be compliant with the relevant 

standards and primarily used in compliance with such standards. 

91. Pantech Wireless has been harmed by Defendants’ infringing activities. 
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COUNT IV – INFRINGEMENT OF U.S. PATENT NO. 9,313,809 

92. The allegations set forth in the foregoing paragraphs 1 through 91 are incorporated 

into this claim for relief. 

93. On April 12, 2016, the ’809 Patent, entitled “Method and apparatus for terminating 

transmission of a message in an enhanced random access channel” was duly and legally issued by 

the United States Patent and Trademark Office from U.S. Patent Application No. 14/319,608, filed 

on June 30, 2014. The ’809 Patent claims priority to U.S. Patent Application No. 12/238,910, filed 

on September 26, 2008, U.S. Provisional Patent Application No. 60/975,985, filed on September 

28, 2007, U.S. Provisional Patent Application No. 60/982,528, filed on October 25, 2007, U.S. 

Provisional Patent Application No. 61/018,999, filed on January 4, 2008, U.S. Provisional Patent 

Application No. 61/025,441, filed on February 1, 2008, U.S. Provisional Patent Application No. 

61/038,576, filed on March 21, 2008, U.S. Provisional Patent Application No. 61/074,288, filed 

on June 20, 2008, and U.S. Provisional Patent Application No. 61/083,409, filed on July 24, 2008. 

A true and correct copy of the ’809 Patent is attached as Exhibit 4. 

94. Pantech Wireless is the assignee and owner of all right, title and interest in and to 

the ’809 Patent, including the right to assert all causes of action arising under said patent and the 

right to any remedies for their infringement. 

95. The ’809 Patent discloses at least apparatuses and methods for communicating with 

a base station using an enhanced dedicated channel (E-DCH) resource while in a cell forward 

access channel (CELL_FACH) state. If a E-DCH buffer is empty, then the WTRU transmits 

scheduling information (SI) including a total E-DCH buffer status (TEBS) equal to zero to the 

bases station. The WTRU also determines if a hybrid automatic repeat request (HARQ) buffer is 

empty and releases the E-DCH resource when the transmission of the SI with the TEBS equal to 

zero and the HARQ buffer is empty. For example, claims 1-10 of the ’809 Patent recite elements 
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required for compliance with at least WDCMA standards, including at least 3GPP TS 25.211, TS 

25.214, and TS 25.321. See 3GPP TS 25.211 v 9.2.0 at 38 (§ 5.3.3.7) (showing the relationship 

between E-DCH and AICH); TS 25.214 v 9.8.0 at 41-42 (§ 6.1A) (Physical random access 

procedure for Enhanced Uplink in CELL_FACH state); and TS 25.321 v 9.9.0 at 10, 16, 94, 104, 

108, 109-110, 153-154, 156, (§§ 3.1.2.1, 4.2.3, 9.2.5.3.2, 11.2.2A, 11.8.1) (the UE is configured 

to release the common E-DCH resource when the empty buffer status (TEBS=0) has been reported, 

and no MAC PDU is left in a HARQ process for transmission or retransmission). 

96. Upon information and belief, Defendants have and continue to directly infringe at 

least claims 1-10 of the ’809 Patent by making, using, selling, importing, offering to sell within 

the United States, importing into the United States, and providing to and within the United States, 

Accused Instrumentalities that practice at least claims 1-10 of the ’809 Patent (the “LG 

Accused ’809 Instrumentalities”). Defendants also have and continue to directly infringe at least 

claims 1-10 by practicing claims 1-10 through the LG Accused ’809 Instrumentalities, and by 

causing the LG Accused ’809 Instrumentalities to practice the patented inventions. 

97. LG Accused ’809 Instrumentalities include, for example, the LG G7 ThinQ and 

other WDCMA-compatible devices that support the request and receipt of enhanced uplink 

resources from a wireless network in compliance with 3GPP TS 25.211, TS 25.214, and TS 25.321. 

98. Defendants were made aware of the ’809 Patent family and their infringement 

thereof at least as early as April 22, 2015, when a family member was identified in exemplary 

claim charts sent to LGE by Signal Trust. Signal Trust followed up with additional correspondence 

specifically identifying the ’809 Patent and LGE’s infringement thereof again on April 29, 2016.  

99. Since at least as early as April 29, 2016, Defendants’ infringement has been, and 

continues to be willful. 
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100. Upon information and belief, the LG Accused ’809 Instrumentalities are used, 

marketed, provided to, and/or used by or for Defendants’ partners, clients, customers/subscribers 

and end users across the country and in this district.  

101. Upon information and belief, Defendants have induced and continue to induce 

others to infringe at least claims 1-10 of the ’809 Patent under 35 U.S.C. § 271(b) by, among other 

things, and with specific intent or willful blindness, actively aiding and abetting others to infringe, 

including, but not limited to Defendants’ partners, clients, customers/subscribers, and end users, 

whose use of the LG Accused ’809 Instrumentalities constitutes direct infringement of at least 

claims 1-10 of the ’809 Patent. For example, Defendants advertise and have advertised the use of 

the LG Accused ’809 Instrumentalities for WDCMA communications. See 

https://www.lg.com/us/cell-phones/lg-LMG710TM-g7-thinq-tmobile.  

102. In particular, Defendants’ actions that aid and abet others such as their partners, 

customers/subscribers, clients, and end users to infringe include advertising and distributing the 

LG Accused ’809 Instrumentalities, and providing instruction materials, training and services 

regarding the LG Accused ’809 Instrumentalities.  

103. Any party, including Defendants’ partners, clients, customers/subscribers, and end 

users, using the LG Accused ’809 Instrumentalities necessarily infringes the ’809 Patent because 

the inventions of the ’809 Patent are required to comply with the WDCMA cellular standards 

(3GPP TS 25.211, TS 25.214, and TS 25.321). Defendants advertise the LG Accused ’809 

Instrumentalities as compliant with WDCMA, which induces others to infringe the ’809 Patent. 

Defendants have knowingly induced infringement since at least April 30, 2016, when Defendants 

were first made aware of the ’809 Patent, as discussed above. 
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104. Upon information and belief, Defendants are liable as contributory infringers of 

the ’809 Patent under 35 U.S.C. § 271(c) by offering to sell, selling and importing into the United 

States the LG Accused ’809 Instrumentalities that infringe the patented inventions, to be especially 

made or adapted for use in an infringement of the ’809 Patent. Each of the LG Accused ’809 

Instrumentalities is a material component for use in practicing the ’809 Patent and is specifically 

made and not a staple article of commerce suitable for substantial non-infringing use. In particular, 

each of the LG Accused ’809 Instrumentalities is advertised to be compliant with the relevant 

standards and primarily used in compliance with such standards. 

105. Pantech Corp. has been harmed by Defendants’ infringing activities. 

COUNT V – INFRINGEMENT OF U.S. PATENT NO. 9,065,486 

106. The allegations set forth in the foregoing paragraphs 1 through 105 are incorporated 

into this claim for relief. 

107. On June 23, 2015, the ’486 Patent, entitled “Detection, avoidance and/or correction 

of problematic puncturing patterns in parity bit streams used when implementing turbo codes” was 

duly and legally issued by the United States Patent and Trademark Office from U.S. Patent 

Application No. 14/300,734, filed on June 10, 2014. The ’486 Patent claims priority to U.S. Patent 

Application No. 13/744,984, filed on January 18, 2013, U.S. Patent Application No. 13/309,962, 

filed on December 2, 2011, U.S. Patent Application No. 11/974,381, filed on October 12, 2007, 

U.S. Patent Application No. 10/725,779, filed on December 2, 2003, U.S. Provisional Patent 

Application No. 60/434,232, filed on December 16, 2002, U.S. Provisional Patent Application No. 

60/444,068, filed on January 30, 2003, U.S. Provisional Patent Application No. 60/470,921, filed 

on May 15, 2003, and U.S. Provisional Patent Application No. 60/494,404, filed on August 11, 

2003. A true and correct copy of the ’486 Patent is attached as Exhibit 5. 
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108. Pantech Wireless is the assignee and owner of all right, title and interest in and to 

the ’486 Patent, including the right to assert all causes of action arising under said patent and the 

right to any remedies for their infringement. 

109. The ’486 Patent discloses at least apparatuses and methods for detecting and 

correcting performance degradation in punctured Turbo codes using a Turbo encoder. A 

puncturing pattern which approximates a particular code is identified, and a value for anticipated 

degradation is adjusted in accordance with a matching of the puncturing pattern and the particular 

code rate. For example, claims 3-4 of the ’486 Patent recite elements of detecting and correcting 

problematic puncturing patterns in parity bit streams when implementing punctured Turbo codes 

as mandated by the LTE standard, including at least 3GPP TS 36.212. See 3GPP TS 36.212 v 

10.0.0 at 15 (§ 5.1.4.1) (showing the rate matching for turbo coded transport channels). 

110. Upon information and belief, Defendants have and continue to directly infringe at 

least claims 3-4 of the ’486 Patent by making, using, selling, importing, offering to sell within the 

United States, importing into the United States, and providing to and within the United States, 

Accused Instrumentalities that practice at least claims 3-4 of the ’486 Patent (the “LG 

Accused ’486 Instrumentalities”). Defendants also have and continue to directly infringe at least 

claims 3-4 by practicing claims 3-4 through the LG Accused ’486 Instrumentalities, and by causing 

the LG Accused ’486 Instrumentalities to practice the patented inventions. 

111. LG Accused ’486 Instrumentalities include, for example, the LG G7 ThinQ and 

other LTE-compatible devices. 

112. Defendants were made aware of the ’486 Patent and their infringement thereof at 

least as early as February 15, 2017, when the ’486 Patent was identified in exemplary claim charts 

sent to LGE by Signal Trust. 
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113. Since at least as early as February 15, 2017, Defendants’ infringement has been, 

and continues to be willful. 

114. Upon information and belief, the LG Accused ’486 Instrumentalities are used, 

marketed, provided to, and/or used by or for Defendants’ partners, clients, customers/subscribers 

and end users across the country and in this district.  

115. Upon information and belief, Defendants have induced and continue to induce 

others to infringe at least claims 3-4 of the ’486 Patent under 35 U.S.C. § 271(b) by, among other 

things, and with specific intent or willful blindness, actively aiding and abetting others to infringe, 

including, but not limited to Defendants’ partners, clients, customers/subscribers, and end users, 

whose use of the LG Accused ’486 Instrumentalities constitutes direct infringement of at least 

claims 3-4 of the ’486 Patent. For example, Defendants advertise and have advertised the use of 

the LG Accused ’486 Instrumentalities for LTE communications. See https://www.lg.com/us/cell-

phones/lg-LMG710TM-g7-thinq-tmobile. 

116. In particular, Defendants’ actions that aid and abet others such as their partners, 

customers/subscribers, clients, and end users to infringe include advertising and distributing the 

LG Accused ’486 Instrumentalities, and providing instruction materials, training and services 

regarding the LG Accused ’486 Instrumentalities.  

117. Any party, including Defendants’ partners, clients, customers/subscribers, and end 

users, using the LG Accused ’486 Instrumentalities necessarily infringes the ’486 Patent because 

the inventions of the ’486 Patent are required to comply with the LTE cellular standards (3GPP 

TS 36.212). Defendants advertise the LG Accused ’486 Instrumentalities as compliant with LTE, 

which induces others to infringe the ’486 Patent. Defendants have knowingly induced infringement 
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since at least September 7, 2017, when Defendants were first made aware of the ’486 Patent, as 

discussed above. 

118. Upon information and belief, Defendants are liable as contributory infringers of 

the ’486 Patent under 35 U.S.C. § 271(c) by offering to sell, selling and importing into the United 

States the LG Accused ’486 Instrumentalities that infringe the patented inventions, to be especially 

made or adapted for use in an infringement of the ’486 Patent. Each of the LG Accused ’486 

Instrumentalities is a material component for use in practicing the ’486 Patent and is specifically 

made and not a staple article of commerce suitable for substantial non-infringing use. In particular, 

each of the LG Accused ’486 Instrumentalities is advertised to be compliant with the relevant 

standards and primarily used in compliance with such standards. 

119. Pantech Corp. has been harmed by Defendants’ infringing activities. 

COUNT VI – INFRINGEMENT OF U.S. PATENT NO. 7,283,839 

120. The allegations set forth in the foregoing paragraphs 1 through 119 are incorporated 

into this claim for relief.  

121. On October 16, 2007, the ’839 Patent, entitled “Wireless communicating terminal 

for providing integrated messaging service and method thereof” was duly and legally issued by 

the United States Patent and Trademark Office from U.S. Patent Application No. 11/106,160, filed 

on April 13, 2005. The ’839 Patent claims priority to KR 10-2004-0025882, filed on April 14, 

2004, and KR 10-2004-0083073, filed on October 18, 2004. A true and correct copy of the ’839 

Patent is attached as Exhibit 6. 

122. Pantech Corp. is the assignee and owner of all right, title and interest in and to 

the ’839 Patent, including the right to assert all causes of action arising under said patent and the 

right to any remedies for infringement of it. 
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123. The ’839 Patent discloses a wireless communication terminal having a function 

providing and integrated messaging service. 

124. At the time of the ’839 Patent (which claims priority to April 14, 2004), 

conventional message services provided different interfaces for text messages and multimedia 

messages. In some instances, a user would need to access separate applications for text and 

multimedia applications. Further, conventional wireless communication terminals managed 

incoming and outgoing messages using an in-box and an out-box, analogizing the messages to a 

traditional letter. This approach provides a late response in comparison to an Internet messenger. 

See ’839 Patent at 1:32-50.  

125. The ’839 Patent solved this problem by providing an integrated messaging service. 

In one example, the integrated messaging service receives message content and a menu selecting 

signal in the integrated user interface. The integrated user interface also displays the message 

content and description data. The wireless communication terminal determines the kind of message 

to be transmitted which is inputted into the integrated user interface, generates an outgoing 

message which includes identification data corresponding to the message kind, and transmitting 

the outgoing message. The integrated user interface displays the outgoing message content and the 

description data. The wireless communication terminal also determines a message kind of a 

received message, divides the message into message content and description data, and displays the 

message content and the description data in the integrated user interface. See ’839 Patent at 4:6-

5:19, 5:20-62, FIG. 2, FIG. 3. By integrating the user interface of text messages and multimedia 

messages, the technique provides a single application or service thereby increasing usability and 

simplicity for the user. See id. at 1:32-44. As an additional benefit, the integrated user interface 

increases speed by avoiding delays due to analogizing messages to letters. Id. at 1:45-50. 
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126. Upon information and belief, Defendants have and continue to directly infringe at 

least claims 1-5 of the ’839 Patent by making, using, selling, importing, offering to sell within the 

United States, importing into the United States, and providing to and within the United States, 

Accused Instrumentalities that practice at least claims 1-5 of the ’839 Patent (the “LG 

Accused ’839 Instrumentalities”). Defendants also have and continue to directly infringe at least 

claims 1-5 by practicing claims 1-5 through the LG Accused ’839 Instrumentalities, and by causing 

the LG Accused ’839 Instrumentalities to practice the patented inventions. 

127. LG Accused ’839 Instrumentalities include, for example, the LG V60 ThinQ 5G 

and other products that incorporate at least one processor, touchscreen, and include software 

functionality such as described below. 

128. For example, the LG V60 ThinQ 5G is a wireless communication terminal having 

a function of providing an integrated messaging service. As one example, the LG V60 ThinQ 5G 

includes an integrated user interface for sending and receiving both text messages and multimedia 

messages. The LG V60 ThinQ 5G determines the type of message to be transmitted, generates an 

outgoing message, transmits the outgoing message, and displays the message content and the 

description data in the integrated user interface. The LG V60 ThinQ 5G also determines a type of 

received message, divides the message into message content and description data, and displays the 

message content and the description data in the integrated user interface.  
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LG V60 ThinQ 5G Screenshot showing outgoing message 
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Annotated LG V60 ThinQ 5G Screenshot showing received message 

129. Defendants were made aware of the ’839 Patent and their infringement thereof at 

least as early as September 22, 2020, when the ’839 Patent was identified in correspondence sent 

to Defendants by Pantech Corp. 

130. Since at least as early as September 22, 2020, when Defendants were made aware 

of the ’839 Patent, Defendants’ infringement has been, and continues to be willful. 

131. Upon information and belief, the LG Accused ’839 Instrumentalities are used, 

marketed, provided to, and/or used by or for Defendants’ partners, clients, customers/subscribers 

and end users across the country and in this district. 

132. Upon information and belief, Defendants have induced and continue to induce 

others to infringe at least claims 1-5 of the ’839 Patent under 35 U.S.C. § 271(b) by, among other 

Case 5:22-cv-00113-RWS-JBB   Document 1   Filed 09/02/22   Page 36 of 43 PageID #:  36

IPR2023-01267, -01268, -01269, 
-01270, -1272, -01273 | Page 36



 37 

things, and with specific intent or willful blindness, actively aiding and abetting others to infringe, 

including, but not limited to Defendants’ partners, clients, customers/subscribers, and end users, 

whose use of the LG Accused ’839 Instrumentalities constitute direct infringement of at least 

claims 1-5 of the ’839 Patent. For example, Defendants’ user manual for the LG V60 ThinQ 5G 

shows users how to “Specify a recipient and crates a message,” “attach files, and “send the 

message.” 

133. In particular, Defendants’ actions that aid and abet others such as their partners, 

customers/subscribers, clients, and end users to infringe include advertising and distributing the 

LG Accused ’839 Instrumentalities, and providing instruction materials, training and services 

regarding the LG Accused ’839 Instrumentalities. 

134. Any party, including Defendants’ partners, clients, customers/subscribers, and end 

users, using the preinstalled Messages application of the LG Accused ’839 Instrumentalities 

infringes the ’839 Patent. Defendants have knowingly induced infringement since at least 

September 22, 2020, when Defendants were first made aware of the ’839 Patent.  

135. Upon information and belief, Defendants are liable as contributory infringers of 

the ’839 Patent under 35 U.S.C. § 271(c) by offering to sell, selling and importing into the United 

States the LG Accused ’839 Instrumentalities that infringe the patented inventions, to be especially 

made or adapted for use in an infringement of the ’839 Patent. Each of the LG Accused ’839 

Instrumentalities is a material component for use in practicing the ’839 Patent and is specifically 

made and not a staple article of commerce suitable for substantial non-infringing use. For example, 

the software associated with implementing the LG Accused ’839 Instrumentalities is not suitable 

for substantial non-infringing use. 

136. Pantech Corp. has been harmed by Defendants’ infringing activities. 
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COUNT VII – INFRINGEMENT OF U.S. PATENT NO. 9,575,631 

137. The allegations set forth in the foregoing paragraphs 1 through 136 are incorporated 

into this claim for relief.  

138. On February 21, 2017, the ’631 Patent, entitled “Method for selecting and 

controlling second work process during first work process in multitasking mobile terminal” was 

duly and legally issued by the United States Patent and Trademark Office from U.S. Patent 

Application No. 15/010,629, filed on January 29, 2016. The ’631 Patent claims priority to U.S. 

Patent Application No. 14/840,844, filed on August 31, 2015, U.S. Patent Application No. 

11/495,863, filed on July 28, 2006, KR 10-2005-0073877, filed on August 11, 2005, and KR 10-

2005-0102198, filed on October 28, 2005. A true and correct copy of the ’631 Patent is attached 

as Exhibit 7. 

139. Pantech Corp. is the assignee and owner of all right, title and interest in and to 

the ’631 Patent, including the right to assert all causes of action arising under said patent and the 

right to any remedies for infringement of it. 

140. The ’631 Patent discloses a method for controlling a predetermined function of a 

second work process during a first work process in a multitasking mobile terminal that performs 

the first work process and the second work process.  

141. At the time of the ’631 Patent (which claims priority to August 11, 2005), 

conventional methods for multitasking in a mobile terminal meant that when a user wanted to 

change from one process to another, the previous process would be terminated. ’631 Patent at 1:61-

64; FIG. 2. As one example, a user had to terminate a text message creation process in order to 

control music or audio playback. Id. at 2:40-44. Upon returning to the text message creation, the 

user would be faced with the inconvenience of recreating any progress previously discarded or 

forced to seek out the incomplete message stored in a temporary mailbox. Id. at 2:44-51. 
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142. The ’631 Patent solved this problem by providing a technique for controlling a 

predetermined function of a second work process in a multitasking mobile terminal that performs 

the first work process and the second work process. In one example, an icon is displayed which 

corresponds to a first work process. If the icon is selected, then a screen for the first work process 

is displayed. ’631 Patent at 5:40-45. Multiple icons, including an icon corresponding to a second 

work process, are displayed when a command is received to sequentially display icons. The icon 

corresponding to the second work process can be selected and a corresponding screen is displayed. 

From this screen, a control menu can be activated for controlling the first work process and 

commands can be input for controlling the first work process. Id. at 5:50-58.  

143. Upon information and belief, Defendants have and continue to directly infringe at 

least claims 1-4, 8, and 9 of the ’631 Patent by making, using, selling, importing, offering to sell 

within the United States, importing into the United States, and providing to and within the United 

States, Accused Instrumentalities that practice at least claims 1-4, 8, and 9 of the ’631 Patent (the 

“LG Accused ’631 Instrumentalities”). Defendants also have and continue to directly infringe at 

least claims 1-4, 8, and 9 by practicing claims 1-4, 8, and 9 through the LG Accused ’631 

Instrumentalities, and by causing the LG Accused ’631 Instrumentalities to practice the patented 

inventions. 

144. The LG Accused ’631 Instrumentalities include, for example, the LG V60 ThinQ 

5G and other products that incorporate at least one processor, touchscreen, and include software 

functionality such as described below. 

145. For example, the LG V60 ThinQ 5G performs a method for controlling a 

predetermined function of a second work process in a multitasking mobile terminal that performs 

the first work process and the second work process. As one example, the LG V60 ThinQ 5G 
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displays an icon corresponding to an audio player, which can be used to play music. The LG V60 

ThinQ 5G also displays an icon for the Messages application. The LG V60 ThinQ 5G can 

concurrently display the Messages work process while playing music. In response to a swipe down, 

a control menu is displayed which allows for control of the audio player. 

 

LG V60 ThinQ 5G Screenshot showing control menu 

146. Defendants were made aware of the ’631 Patent and their infringement thereof at 

least as early as January 27, 2021, when the ’631 Patent was identified in correspondence sent to 

Defendants by Pantech Corp. 

147. Since at least January 27, 2021, when Defendants were made aware of the ’631 

Patent, Defendants’ infringement has been, and continues to be willful. 

148. Upon information and belief, the LG Accused ’631 Instrumentalities are used, 

marketed, provided to, and/or used by or for Defendants’ partners, clients, customers/subscribers 

and end users across the country and in this district. 
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149. Upon information and belief, Defendants have induced and continue to induce 

others to infringe at least claims 1-4, 8, and 9 of the ’631 Patent under 35 U.S.C. § 271(b) by, 

among other things, and with specific intent or willful blindness, actively aiding and abetting 

others to infringe, including, but not limited to Defendants’ partners, clients, customers/subscribers, 

and end users, whose use of the LG Accused ’631 Instrumentalities constitute direct infringement 

of at least claims 1-4, 8, and 9 of the ’631 Patent. For example, Defendants’ user manual for the 

LG V60 ThinQ 5G instructs users to “open multiple apps on the screen and easily switch between 

them at any time.” 

150. In particular, Defendants’ actions that aid and abet others such as their partners, 

customers/subscribers, clients, and end users to infringe include advertising and distributing the 

LG Accused ’631 Instrumentalities, and providing instruction materials, training and services 

regarding the LG Accused ’631 Instrumentalities. 

151. Any party, including Defendants’ partners, clients, customers/subscribers, and end 

users, using multitasking functions for music control of the LG Accused ’631 Instrumentalities 

infringes the ’631 Patent. Defendants have knowingly induced infringement since least January 

27, 2021, when Defendants were first made aware of the ’631 Patent.  

152. Upon information and belief, Defendants are liable as contributory infringers of 

the ’631 Patent under 35 U.S.C. § 271(c) by offering to sell, selling and importing into the United 

States the LG Accused ’631 Instrumentalities that infringe the patented inventions, to be especially 

made or adapted for use in an infringement of the ’631 Patent. Each of the LG Accused ’631 

Instrumentalities is a material component for use in practicing the ’631 Patent and is specifically 

made and not a staple article of commerce suitable for substantial non-infringing use. For example, 
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the software associated with implementing the LG Accused ’631 Instrumentalities is not suitable 

for substantial non-infringing use. 

153. Pantech Corp. has been harmed by Defendants’ infringing activities. 

DAMAGES 

As a result of Defendants’ acts of infringement, Pantech has suffered actual and 

consequential damages. To the fullest extent permitted by law, Pantech seeks recovery of damages 

at least in the form of reasonable royalties. 

JURY DEMAND 

Pursuant to Rule 38 of the Federal Rules of Civil Procedure, Plaintiffs demand a trial by 

jury on all issues triable as such. 

PRAYER FOR RELIEF 

 WHEREFORE, Plaintiffs demands judgment for itself and against Defendants as follows: 

A. An adjudication that Defendants have infringed U.S. Patent Nos. 9,136,924; 9,854,545; 

10,869,247; 9,313,809; 9,065,486; 7,283,839; and 9,575,631; 

B. An award of damages to be paid by Defendants adequate to compensate Plaintiffs for 

Defendants’ past infringement of the Asserted Patents, and any continuing or future 

infringement through the date such judgment is entered, including interest, costs, expenses 

and an accounting of all infringing acts including, but not limited to, those acts not 

presented at trial; 

C. A declaration that this case is exceptional under 35 U.S.C. § 285, and an award of Plaintiffs’ 

reasonable attorneys’ fees; and 

D. An award to Plaintiffs of such further relief at law or in equity as the Court deems just and 

proper. 
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1. 

TRANSMITTING DEVICE AND AMETHOD 
OF COMMUNICATING THEREWITH, AND 
RECEIVING DEVICE AND AMETHOD OF 

COMMUNICATING THEREWITH 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is the National Stage Entry of Interna 
tional Application No. PCT/KR2011/004835, filed on Jul. 1, 
2011, and claims priority from and the benefit of Korean 
Patent Application No. 10-2010-0064573, filed on Jul. 5, 
2010, all of which are hereby incorporated by reference for all 
purposes as if fully set forth herein. 

BACKGROUND 

1. Field 
The present invention relates to a wireless communication 

system, and more particularly, to a wireless communication 
system that uses multiple input multiple output (MIMO) in 
both a transmitting end and a receiving end. 

2. Discussion of the Background 
As communication systems have developed, various wire 

less terminals have been utilized by consumers. Such as com 
panies and individuals. 
A current mobile communication system, such as 3GPP. 

LTE (Long Term Evolution), LTE-A (LTE Advanced), and 
the like, may be a high capacity communication system 
capable of transmitting and receiving various data Such as 
image data, wireless data, and the like, beyond providing a 
sound-based service. Accordingly, there is a desire for a tech 
nology that transmits high capacity data, which is comparable 
with a wired communication network. Also, the system is 
required to minimize loss of information and increase trans 
mission efficiency of the system so as to enhance perfor 
mance of the system. 

SUMMARY 

In accordance with an aspect of the present invention, there 
is provided a communication method of a transmitting device 
including a first precoder and a second precoder, the method 
including: determining first information to restrict a precod 
ing matrix from being used as a first precoding matrix of the 
first precoder, and second information to restrict a precoding 
matrix from being used as a second precoding matrix of the 
second precoder in a corresponding codebook with respect to 
each layer, and transmitting, to a receiving device, codebook 
restricting information including at least one of the deter 
mined first information and second information. 

In accordance with another aspect of the present invention, 
there is provided a transmitting device, the device including: 
a layer mapper to map a codeword to a layer, a precoder 
including a first precoder and a second precoder that performs 
precoding on a data symbol corresponding to the codeword 
mapped to the layer by the layer mapper, using a first precod 
ing matrix and a second precoding matrix selected from a 
corresponding codebook; and an antenna array to transmit 
signals output from the precoder, and the codeword includes 
at least one of first information to restrict a precoding matrix 
from being used as the first precoding matrix and second 
information to restrict a precoding matrix from being used as 
the second precoding matrix in the corresponding codebook 
with respect to each layer. 

In accordance with another aspect of the present invention, 
there is provided a communication method of a receiving 
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2 
device in a wireless communication system, the method 
including: receiving codebook restricting information includ 
ing at least one of first information to restrict a precoding 
matrix from being used as a first precoding matrix and second 
information to restrict a precoding matrix from being used as 
a second precoding matrix for each layer; and transmitting, to 
a transmitting device, 1 channel status information indicat 
ing a first precoding matrix and 2" channel status informa 
tion indicating a second precoding matrix, the first precoding 
matrix and the second precoding matrix being selected, based 
on the codebook restricting information, from among precod 
ing matrices that are not restricted from being used as the first 
precoding matrix or the second precoding matrix in a code 
book. 

In accordance with another aspect of the present invention, 
there is provided a receiving device in a wireless communi 
cation system, the device including: an antenna array to 
receive, as codebook restricting information, at least one of 
first information to restrict a precoding matrix from being 
used as a first precoding matrix and first information to 
restrict a precoding matrix from being used as a second pre 
coding matrix with respect to each layer; and a channel infor 
mation feedback device to transmit, to a transmitting device, 
1 channel status information indicating a first precoding 
matrix and 2" channel status information indicating a second 
precoding matrix, the first precoding matrix and the second 
precoding matrix being selected, based on the codebook 
restricting information, from among precoding matrices that 
are not restricted from being used as the first precoding matrix 
of the second precoding matrix in a codebook. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a wireless commu 
nication system according to embodiments of the present 
invention; 

FIG. 2 is a diagram illustrating a wireless communication 
system in which a base station and a user equipment exchange 
codebook restricting information and channel status informa 
tion in a case of codebook restriction; 

FIG. 3 is a flowchart further illustrating a reference signal 
and signal transmission in the wireless communication sys 
tem that exchanges codebook restricting information and 
channel status information of FIG. 2; 

FIG. 4 is a block diagram illustrating a base station and a 
user equipment in a MIMO wireless communication system 
according to an embodiment of the present invention; 

FIG. 5 is a diagram illustrating a channel between a base 
station and a user equipment that use a polarized antenna 
array of FIG. 4; 

FIG. 6 is a flowchart illustrating a communication method 
of a transmitting device according to another embodiment of 
the present invention; and 

FIG. 7 is a flowchart illustrating a communication method 
of a receiving device according to another embodiment of the 
present invention. 

FIGS. 8 through 10 are conceptual diagrams illustrating a 
process of controlling inter-cell interference using a code 
book restriction scheme in a wireless communication system 
according to embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

Hereinafter, exemplary embodiments of the present inven 
tion will be described with reference to the accompanying 
drawings. In the following description, the same elements 
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will be designated by the same reference numerals although 
they are shown in different drawings. Further, in the following 
description of the present invention, a detailed description of 
known functions and configurations incorporated herein will 
be omitted when it may make the subject matter of the present 
invention rather unclear. 

FIG. 1 is a block diagram illustrating a wireless commu 
nication system according to embodiments of the present 
invention. 
The wireless communication system may be widely 

installed so as to provide various communication services 
Such as Voice data, packet data, and the like. 

Referring to FIG. 1, the wireless communication system 
may include a user equipment (UE) 10 and a base station (BS) 
20. 
The user equipment 10 may be an inclusive concept indi 

cating a user terminal utilized in a wireless communication, 
including a UE (User Equipment) in WCDMA, LTE, HSPA, 
and the like, and an MS (Mobile Station), a UT (User Termi 
nal), an SS (Subscriber Station), a wireless device and the like 
in GSM. 
The base station 20 or a cell may generally refer to a station 

where communication with the user equipment 10 is per 
formed, and may also be referred to as a Node-B, an eNB 
(evolved Node-B), a BTS (Base Transceiver System), an 
access point, a relay node, and the like. 

In the specifications, the user equipment 10 and the base 
station 20 are used as two inclusive transceiving Subjects to 
embody the technology and technical concepts described in 
the specifications, and may not be limited to a predetermined 
term or word. 
An embodiment of the present invention may be applicable 

to an asynchronous wireless communication scheme that is 
advanced through GSM, WCDMA, and HSPA, to be LTE 
(Long Term Evolution) and LTE-advanced, and may be appli 
cable to a synchronous wireless communication scheme that 
is advanced through CDMA and CDMA-2000, to be UMB. 
Embodiments of the present invention may not be limited to 
a specific wireless communication scheme, and may be appli 
cable to all technical fields to which a technical idea of the 
present invention is applicable. 
The wireless communication system according to embodi 

ments of the present invention may support an uplink and/or 
downlink HARQ (Hybrid Automatic Repeat request), and 
may use a COI (channel quality indicator) for link adaptation. 
Also, a multiple access Scheme for downlink transmission 
and a multiple access Scheme for uplink transmission may be 
different from each other. For example, a downlink may use 
OFMDA (Orthogonal Frequency Division Multiple Access) 
and an uplink may use SC-FDMA (Single Carrier-Frequency 
Division Multiple Access). 
To support high-speed information transmission for the 

user, the wireless communication system may consider using 
a Multiple Input Multiple Output (MIMO) scheme that trans 
fers information through the same band using an antenna 
array including a multi-antenna. 

To embody an effective MIMO system, a MIMO wireless 
communication system may need to provide, to a transmitting 
device, information associated with a propagation channel or 
information associated with a precoder or a precoding matrix 
(hereinafter referred to as a precoding matrix) appropriate for 
a propagation channel, to increase transmission capacity. In 
this example, the former requires a large amount offeedback 
overhead, whereas the latter requires a relatively small 
amount of feedback overhead. 

In the latter case, each of the user equipment 10 and the 
base station 20 stores a codebook that defines N available 
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4 
precoding matrices, and expresses an index or an indicator 
indicating or indexing (corresponding to) each precoding 
matrix, and identification. Each user equipment 10 selects a 
precoding matrix appropriate for a propagation channel, and 
transmits an index indexing the selected precoding matrix to 
the base station 20. The base station 20 receives precoding 
matrix indices from each user equipment 10, and selects a 
MIMO mode or a user equipment or performs precoding 
based on the received precoding matrix indices. 

In this example, as a size of a codebook becomes larger 
since a number of available precoding matrices is large, the 
precoding performance of the base station 120 increases. 
However, an amount offeedback overhead of the user equip 
ment 10 required for reporting the precoding matrices or 
corresponding indices to the base station 20 may be 
increased. Therefore, when a large size codebook is used, a 
codebook restriction or a codebook subset restriction that 
restricts at least one precoding matrix in a codebook may need 
to be used for more effective precoding. 
The codebook restriction is a scheme that generates a code 

book including various precoding matrices, selects a precod 
ing matrix to be used/not used in the codebook for each cell or 
each user equipment, and uses different codebooks for each 
cell or each user equipment based on codebook restricting 
information (hereinafter referred to as “codebook restricting 
information') associated with a precoding matrix to be not 
used. When the codebook restriction scheme is used, the 
whole wireless communication system has a large size code 
book, but a codebook that is used by each cell or each user 
equipment is configured of Subsets of the codebook, and has 
a Small size, and is configured of only precoding matrices 
appropriate for a given environment and thus, a precoding 
gain may be increased. 

For example, when downlink MIMO transmission 
between the base station 20 and the user equipment 10 simul 
taneously performs transmission with respect to up to 4 lay 
ers, the user equipment 10 may transfer, to the base station 20 
using a rank indicator (RI), a number of layers that the user 
equipment 10 is capable of receiving. In this example, 16 
precoding matrices may be designated for each rank during 
the downlink MIMO transmission between the base station 
20 and the user equipment 10, and a total of 64 precoding 
matrices may be configured as shown in Table 1. 

TABLE 1 

PMI 

RI O 1 2 15 

1 aO a1 a2 a15 
2 a16 a17 a18 a31 
3 a32 a33 a34 a47 
4 a48 a49 aSO a63 

In a case in which the codebook restriction is used, when 
whether a precoding matrix is to be used is determined for 
each of the 64 precoding matrices and codebook restricting 
information is transmitted based on a bitmap format that 
designates whether each precoding matrix is to be used using 
1 bit, a total of 64 bits may be required. For example, a 
corresponding order of an available precoding matrix is 
expressed to be 1, and a corresponding order of an unavailable 
precoding matrix is expressed to be 0, as shown in 
001010010... 010. 
The user equipment 10 may report, to the base station 20 as 

channel status information, 64 indices corresponding to the 
total of 64 precoding matrices using a total of 6 bits. In this 
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example, when a codebook restriction that restricts the use of 
32 precoding matrices from among the 64 precoding matrices 
is used, a number of information to be distinguished by 6 bits 
may be decreased from 64 to 32 and thus, a degree of reli 
ability of a feedback signal may be increased. The user equip 
ment 10 may decrease a number of bits that expresses the 
indices corresponding to the precoding matrices to 5 bits so as 
to reduce an amount of feedback overhead of the channel 
status information. 

In addition, the use of precoding matrices that are predicted 
to cause inter-cell interference may be restricted by the code 
book restriction and thus, the inter-cell interference may be 
prevented in advance. In particular, when a beam forming like 
precoding that is based on a location of each user equipment 
is performed, a user equipment located in a cell edge may 
cause serious inter-cell interference. To prevent the inter-cell 
interference in advance, a codebook restriction may be per 
formed for each cell and thus, the inter-cell interference may 
be controlled. 

The base station 20 may use a multistage precoder includ 
ing at least two precoders. The codebook restriction that 
restricts a precoding matrix to be used for each precoder may 
also be applicable, when the multistage precoder is used. In 
this example, a number of precoding matrices is generally 
increased and a number of bits to be used for codebook 
restricting information for the codebook restriction may also 
be increased. 

In particular, a high signaling and feedback overhead may 
be required to Support high speed information transmission in 
an uplink or a downlink and thus, a number of bits that the 
base station 20 uses to inform each user equipment 10 of the 
codebook restriction may need to be reduced. 
The wireless communication system according to embodi 

ments of the present invention has been described. Hereinaf 
ter, with reference to FIGS. 2 and 3, a process will be 
described in which a base station and a user equipment 
exchange codebook restricting information and channel sta 
tus information in a wireless communication system when a 
multistage precoder is used in a case of codebook restriction. 

FIG. 2 illustrates a wireless communication system in 
which a base station and a user equipment exchange code 
book restricting information and channel status information 
in a case of codebook restriction. 

Referring to FIG. 2, a wireless communication system 100 
may include the base station 120 and may include at least one 
user equipment existing in the wireless communication sys 
tem 100, for example, n user equipments 110, like the wire 
less communication system of FIG. 1. Although the user 
equipments 110 may correspond to user equipments that are 
currently being connected or that attempt additional connec 
tion, a single user equipment is illustrated in FIG.2 for ease of 
descriptions. 
The base station 120 includes a multistage precoder includ 

ing at least two precoders, that is, first and second precoders. 
The base station 120 stores a first codebook 122 that 
expresses N first precoding matrices to be used for the first 
precoder and first indices indexing the first precoding matri 
ces and a second codebook 124 that expresses M second 
precoding matrices to be used for the second precoder and 
second indices indexing the second precoding matrices. 
The base station stores a restriction book 126 including 

ranks and an index (hereinafter referred to as a restriction 
index) corresponding to each pair of a first index and a second 
index with respect to each rank. The base station 120 deter 
mines a precoding matrix to be used/not used for each cell or 
for each user equipment, and may transmit, to the user equip 
ment 110, codebook restricting information 128 associated 
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6 
with the precoding matrix to be not used. In this example, the 
codebook restricting information 128 includes first informa 
tion that restricts a precoding matrix from being used as a first 
precoding matrix and second information that restricts a pre 
coding matrix from being used as a second precoding matrix 
in the first and second codebooks 122 and 124 with respect to 
each layer. 

FIG. 3 is a flowchart further illustrating a reference signal 
and signal transmission in the wireless communication sys 
tem that exchanges codebook restricting information and 
channel status information of FIG. 2. 

Referring to FIG.3, for transmission and reception of data 
between the user equipment 110 and the base station 120, the 
base station 120 at a transmitter side transmits a reference 
signal 130 as further illustrated in FIG. 3, and the user equip 
ment 110 at a receiver side estimates a channel using the 
reference signal 130. For example, in a case of downlink 
transmission, the user equipment 110 may estimate a down 
link channel. In particular, in a case of OFDM transmission, 
the user equipment 110 may estimate a channel of each Sub 
carrier. Conversely, in a case of uplink transmission, the base 
station 120 may estimate an uplink channel. 

For the channel estimation, a predetermined signal or sym 
bol may be inserted into a frequency-domain grid at regular or 
irregular intervals. In this example, the predetermined signal 
or symbol may be referred to as a reference signal or a refer 
ence symbol, a pilot symbol, and the like. In the specifica 
tions, the predetermined signal or symbol is referred to as a 
reference signal, but this may not be limited thereto. The 
reference signal 130 may not be used for only the estimation 
of the frequency-domain channel, but may be used for esti 
mation of a location required for wireless communication 
between a user equipment and a base station, transmission 
and reception of control information, transmission and recep 
tion of scheduling information, transmission and reception of 
feedback information, and the like. 

There may be various types of reference signals for down 
link or uplink transmission, and new reference signals for 
various purposes have been defined and discussed. For 
example, reference signals for the uplink transmission may 
include a DM-RS (Demodulation RS), an SRS (Sounding 
RS), and the like. Reference signals for the downlink trans 
mission may include a DM-RS (Demodulation RS), CRS 
(Cell-specific RS), an MBSFNRS, a UE-specific RS, and the 
like. Also, a CSI-RS is used as a reference signal that a base 
station transmits to obtain channel status information (CSI) of 
a center cell or adjacent cells from the user equipment 110 in 
a case of downlink transmission. The CSI-RS may be used for 
reporting a COI (Channel Quality Indicator)/PMI (Precoder 
Matrix Indicator)/RI (Rank Indicator), and the like. The CSI 
RS may be cell-specific so as to be distinguished for each cell 
included in a base station that transmits the CSI-RS, and may 
need to be sufficiently scattered in a frequency and a time for 
a low overhead. 

Referring again to FIG. 2, the user equipment 110 stores a 
first codebook 112 that expresses N first precoding matrices 
used for a first precoder and first indices indexing the first 
precoding matrices and a second codebook 114 that expresses 
M second precoding matrices used for a second precoder and 
second indices indexing the second precoding matrices. The 
first codebook 112 and the second codebook 114 may be 
identical to the first codebook 122 and the second codebook 
124 stored in the base station 120, respectively. 
The user equipment 110 stores a restriction book 116, 

which will be described with reference to Table 4, including 
ranks and a plurality of indices (hereinafter referred to as a 
restriction index) corresponding to each pair of a first index 
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and a second index included in each rank. The restriction 
book 116 stored in each user equipment 110 may be identical 
to the restriction book 126 stored in the base station 120. 

The user equipment 110 may receive codebook restricting 
information 128 from the base station 120. The codebook 
restricting information 128 includes at least one of first infor 
mation that restricts a precoding matrix from being used as a 
first precoding matrix and second information that restricts a 
precoding matrix from being used as a second precoding 
matrix in first and second codebooks for each layer. 
The user equipment 110 determines, based on the first 

information included in the codebook restricting information 
128, a first precoding matrix excluding precoding matrices 
that are restricted from being used as a first precoding matrix, 
and reports/feeds back 1 channel status information 132 
associated with the determined precoding matrix to the base 
station 120. Also, each user equipment 110 determines, based 
on the second information included in the codebook restrict 
ing information 128, a second precoding matrix excluding 
precoding matrices that are restricted from being used as a 
second precoding matrix, and reports/feeds back 2" channel 
status information 134 associated with the determined second 
precoding matrix to the base station 120. 
The base station 120 determines precoding matrices of the 

first precoder and the second precoder from the first codebook 
122 and the second codebook 124 based on the channel status 
information 132 and 134 reported from each user equipment 
110, and performs precoding of data symbols using the pre 
coding matrices. 

Referring again to FIG. 3, the base station 120 transmits a 
precoded signal 136 to the user equipment 110 as illustrated 
in FIG. 3. Conversely, the user equipment 110 receives the 
signal 136 and decodes the signal into original data. 
The process has been described in which a base station and 

a user equipment exchange codebook restricting information 
and channel status information in the wireless communica 
tion system when a multistage precoder is used in a case of 
codebook restriction. Hereinafter, a MIMO wireless commu 
nication system that transmits and receives codebook restrict 
ing information and the channel station information will be 
described. 

FIG. 4 is a block diagram illustrating a base station and a 
user equipment in a MIMO wireless communication system 
according to an embodiment of the present invention. FIG. 5 
illustrates a channel between a base station and a user equip 
ment that uses a polarized antenna array of FIG. 4. 

Referring to FIG. 4, a MIMO wireless communication 
system may include a user equipment 410 and a base station 
420. 
The user equipment 410 includes an antenna array 411 to 

receive a signal through a downlink channel, a post-decoder 
412 to process a received signal and to decode the received 
signal into original data using a precoding matrix, and a 
channel information feedback device 414. 
The antenna array 411 may use a plurality of antennas. In 

this example, the antenna array 411 may form a polarized 
antenna array. The array may be embodied as a dual polarized 
antenna array in which two antennas having different polari 
ties intersect each other so as to arrange a larger number of 
antennas in a limited space. 

Referring to FIG. 5, when "+" indicates a direction polar 
izing to the right from the vertical direction and '-' indicates 
a direction polarizing to the left from the vertical direction, 
the user equipment 410 includes a polarized antenna array 
411 including two pairs of antennas in which antennas 411aa 
and 411ab polarized at 45 degrees from the vertical direction 
and antennas 411ba and 411bb polarized at -45 degrees from 
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8 
the vertical direction intersect to each other, respectively. In 
this example, the antennas 411aa and 411ab polarized at +45 
degrees may be referred to as a first domain 411a or a first 
Subset of a transmitting side, and the antennas 411ba and 
411bb polarized at -45 degrees may be referred to as a second 
domain 411b or a second Subset of the transmitting side. 

Referring again to FIG. 4, the post-decoder 412 may cor 
respond to a first precoder 422 and a second precoder 424 of 
the base station 420. The post-decoder may transfer a 
received reference signal to the channel information feedback 
device 414. 
The channel information feedback device 414 may receive 

a reference signal and may estimate a channel using the 
reference signal. The channel information feedback device 
414 may generate channel information including 1 channel 
status information and 2" channel station information. The 
channel information feedback device 414 may feedback the 
channel information to the base station 420. 
The base station 420 may include a layer mapper 421 to 

map a codeword to a layer, a precoder 425 to perform pre 
coding of data symbols obtained through the layer mapping 
using a precoding matrix, and an antenna array 428 to trans 
mit a precoded signal on air. The precoder 425 may include 
the first precoder 422 and the second precoder 424 to perform 
precoding of data symbols. In this example, the first precoder 
422 and the second precoder 424 may perform precoding of 
data symbols using a corresponding first precoding matrix 
and a corresponding second precoding matrix, respectively. 
The antenna array 428 of the base station 420 may use a 

plurality of antennas. In this example, the antenna array 428 
may form a polarized antenna array. An array may be embod 
ied as a dual polarized antenna array in which two antennas 
having different polarities intersect each other so as to arrange 
a larger number of antennas in a limited space in a wireless 
communication system. In this example, although it is 
described that the antenna arrays 411 and 428 use a dual 
polarized antenna array, this may not be limited thereto. 

Referring to FIG. 5, the base station 420 includes a polar 
ized antenna array 428 including four pairs of antennas in 
which antennas 428aa through 428ad polarized at 45 degrees 
from the vertical direction and antennas 428ba through 428bd 
polarized at -45 degrees intersect each other, respectively. In 
this example, the antennas 428aa through 428ad polarized at 
+45 degrees are referred to as a first domain 428a or a first 
Subset of a receiving side, and the antennas 428ba through 
428bd polarized at -45 degrees are referred to as a second 
domain 428b or a second Subset of a receiving side. 
When a phase mismatch does not exist between polarized 

antennas of the user equipment 410 and the base station 420, 
an overall channel H may be expressed as shown in Equation 
1. 

H = t O Equation 1 
O H, 

In this example, H, denotes a channel between the first 
subset or the first domain 411a of the user equipment 410 and 
the first subset or the first domain 428a of the base station 420, 
and H, denotes a channel between the second subset or the 
second domain 411b and the second subset or the second 
domain 428b of the base station 420. 
As shown in Equation 1, when antennas polarized to dif 

ferent directions intersect each other and have no phase mis 
match, the antennas may not affect each other. Therefore, 
only H, and H may be estimated and thus, a channel may be 
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recognized. When a distanced between adjacent polarized 
antennas is shorter than a signal wavelength w, a correlation 
between antennas may be high. In this example, H, and H 
may be determined based on a distanced between antennas 
and an incident angle 0 of signal propagation that arrives at 
the user equipment 410. 
When a phase mismatch exists between polarized antennas 

of the user equipment 410 and the base station 420, for 
example, when pairs of antennas of the user equipment 410 
are tilted to the left by e, signals transmitted from each polar 
ized domain of the base station 420 may be received by two 
polarized domains of the user equipment 410 and thus, inter 
domain interference may occur due to a phase mismatch 
between the domains. Therefore, a channel may be affected 
by a degree of a phase error or a phase mismatch between 
polarized antennas of the user equipment 410 and the base 
station 420, that is, by e, and thus, the overall channel H may 
be expressed by Equation 2. 

Hicose - Hysine Equation 2 
H = 

Hisine Hcose 

Referring again to FIG. 4, the second precoder 424 may 
correct a phase mismatch to remove an effect from a phase 
error or a phase mismatch between polarized domains formed 
by the antenna array 428 including antennas intersecting in a 
horizontal direction and a vertical direction, and the first 
precoder may perform intra-domain precoding. 
When a dual polarized domain is configured based on a 

scheme of arranging two antennas at the same location, each 
polarized domain may have an identical spatial channel char 
acteristic. That is, each domain may be precoded based on an 
identical precoding matrix (HH-Ro), and a signal trans 
mitted through each polarized domain may have a different 
phase and size when arriving at the user equipment 410. In 
this example, a first precoding matrix and a second precoding 
matrix used in the first precoder 422 and the second precoder 
424 may be expressed by Equation 3. 

Equation 4 

In Equation 3, Ro denotes a value determined by a precod 
ing gain when the first is domain and the second domain have 
an identical spatial channel status, I denotes a unit matrix, 
and A denotes a phase mismatch correction value between 
the first domain and the second domain. 
A size of a signal received in each domain may be deter 

mined by a precoding gain of Ro of a first precoding matrix 
W, a second precoding matrix W corrects a phase mismatch 
between signals received in respective domains. When an 
operation proceeds in this manner, a first index PMI for 
setting the first precoding matrix W and a second index PMI 
for setting the second precoding matrix W may be indepen 
dently selected. 
As shown in Equation 3, the precoder 425 is a precoder 

configured of a first precoding matrix that performs precod 
ing using Ro determined by a precoding gain in each of the 
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10 
two domains (a polarized domain or a Subset of antennas) and 
a second precoding matrix that performs phase mismatch 
correction (co-phasing) between domains. Therefore, each of 
the two independent domains may be precoded by Ro deter 
mined by a precoding gain, and one of the domains may be 
phase-corrected by A and may be transmitted. 

In the precoder 425, the second precoding matrix corre 
sponds to a precoding matrix that corrects signal attenuation 
caused by a phase error between polarized domains in polar 
ized antennas. Also, the second precoding matrix may corre 
spond to a precoding matrix to correct signal attenuation 
caused by a phase error between polarized domains, or may 
correspond to a precoding matrix to correct a phase mismatch 
that naturally occurs between polarized antennas. The base 
station 420 stores a first codebook that expresses N (N is a 
natural number greater than or equal to 1) first precoding 
matrices used for the first precoder 422 and first indices 
indexing the first precoding matrices, and a second codebook 
that expresses M (M is a natural number greater than or equal 
to 1) second precoding matrices and second indices indexing 
the second precoding matrices. 

Table 2 and Table 3 correspond to examples of the first 
codebook and the second codebook that use 16 precoding 
matrices and 4 precoding matrices for each rank, respectively, 
when the antenna array 428, including 8 dual polarized anten 
nas 428a and 428b, simultaneously transmits a total of 8 
layers. 

TABLE 2 

PMI 

RI O 1 2 15 

1 bO b1 b2 b1S 

2 b16 b17 b18 b31 

8 b112 b113 b114 b127 

TABLE 3 

RI O 1 2 3 

1 cO c1 c2 c3 
2 c4 CS c6 cf 

8 c28 c29 c3O c31 

The base station 420 stores a restriction book including 
ranks and an index (hereinafter referred to as a restriction 
index) corresponding to each pair of a first index and a second 
index for each rank. Table 4 corresponds to a restriction book 
that uses 16 precoding matrices and 4 precoding matrices for 
each rank when the antenna array 428, including 8 dual polar 
ized antennas 428a and 428b, simultaneously transmits a total 
of 8 layers. 
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TABLE 4 

12 

PMIPMI 

RI (0.0) (0.1) (0.2) (0.3) (1.0) (1.1) (15.1) (15.2) 

1 aO a1 a2 a3 a4 aS a61 a62 
a64 a65 a66 a67 a68 a69 a125 a126 

8 a448 a449 a.450 a.451 a452 a453 aSO9 aS10 

In a case of codebook restriction, when codebook restrict 
ing information is transmitted based on a bitmap format that 
designates whether each precoding matrix is to be used using 
one bit, a total of 16x4x8–512 bits may be required for the 
ranks and pairs of a first index and a second index for respec 
tive ranks. 

However, as described in the foregoing, a first index PMI 
for setting a first precoding matrix W and a second index 
PMI for setting a second precoding matrix W may be inde 
pendently selected and thus, a codebook may be restricted 
independently with respect to each precoding matrix, for each 
rank and for each of the first precoder and the second pre 
coder. Table 5 expresses precoders that are restricted in a 
restriction book when codebook restriction is determined 
with respect to the first index=0 (PMI=0) and the second 
index=1 (PMI-1) in a rank 1. 

TABLE 6 

(PMIPMI) 

a452 aass...a509 as to 
Although not illustrated in Table 5, a codebook restriction 

may be independently performed on a first precoding matrix 
and a second precoding matrix with respect to 8 ranks, in the 
same manner as the codebook restriction performed on the 
rank 1. 
The base station 420 determines a precoding matrix to be 

used/not used for each cell or for each user equipment, and 
transmits codebook restricting information associated with 
the precoding matrix to be not used to the user equipment 410. 
In this example, the codebook restricting information may 
include first information that restricts a precoding matrix 
from being used as a first precoding and second information 
that restricts a precoding matrix from being used as a second 
precoding matrix in the first and second codebooks for each 
layer. 
As shown in Table 5, when codebook restriction on a first 

index=0 (PMI=0) and a second index=1 (PMI=1) is deter 
mined with respect to the rank 1, codebook restricting infor 
mation may include 0111111111111111 corresponding to 
first information and corresponding to second information in 
a bitmap format. As described in the foregoing, a correspond 
ing order of an available precoding matrix is expressed to be 
1, and a corresponding order of a precoding matrix not to be 
used is expressed to be 0. Accordingly, a codebook may be 
generally restricted with respect to second indices that make 
pairs with the first index=0 (PMI=0), for example, (PMI. 
PMI)=(0,1), (0,1), (0,2), (0.3) in Table 5. Also, a codebook 
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(15.3) 

a63 
a127 

aS11 

may be generally restricted with respect to the first indices 
that make pairs with the second index=1 (PMI=1), for 
example, (PMI, PMI)=(0,1), (1,1), . . . . (14.1), (15.1) in 
table 5. 
When a codebook restriction on a first index=1 (PMI=1) 

and a second index=2 (PMI-2) is determined with respect to 
a rank 2, codebook restricting information may include 
1011111111111111 corresponding to first information and 
1101 corresponding to second information. Accordingly, a 
codebook may be generally restricted with respect to second 
indices that make pairs with the first index=1 (PMI=1), for 
example, (PMI, PMI)=(1,1), (1,1), (1,2), (1.3) in Table 5. 
Also, a codebook may be generally restricted with respect to 
the first indices that make pairs with the second index=2 
(PMI-2), for example, (PMI, PMI)=(0,2), (1.2). . . . . 
(14.2), (15.2) in table 5. 
When a codebook restriction on a first index=0 (PMI=0) 

and a second index=3 (PMI-3) is determined with respect to 
a rank 8, codebook restricting information may include 
0111111111111111 corresponding to first information and 
1110 corresponding to second information. Accordingly, a 
codebook may be generally restricted with respect to second 
indices that make pairs with the first index=0 (PMI=0), for 
example, (PMI, PMI)=(0,1), (0,1), (0,2), (0.3) in Table 5. 
Also, a codebook may be generally restricted with respect to 
the first indices that make pairs with the second index=3 
(PMI-3), for example, (PMI, PMI)=(0.3), (1,3), . . . . 
(14.3), (15.3) in table 5. 

In other words, the codebook restricting information 
includes the first information and the second information. 
Accordingly, when a first precoding matrix is restricted from 
being used as a first precoding matrix based on the first 
information, the use of second precoding matrices that make 
pairs with the restricted first precoding matrix may be 
restricted. When a second precoding matrix is restricted from 
being used as a second precoding matrix based on the second 
information, the use of first precoding matrices that make 
pairs with the restricted second precoding matrix may be 
restricted. 

In the same manner, codebook restricting information with 
respect to each of a rank 3 through a rank 7 may include first 
information and second information in a bitmap format. In 
this example, although the codebook restricting information 
including the first information and the second information is 
provided in a bitmap format, this is merely an example and 
may not be limited thereto. 

In the same manner described in the foregoing, when the 
rank 1 through rank 8 transmit codebook restricting informa 
tion based on the same bitmap format, a total number of bits 
of the codebook restricting information that independently 
restricts a first precoding matrix and a second precoding 
matrix with respect to a total of 8 ranks may be (16+4)x 
8=16O. 
The base station 420 may transmit, to the user equipment 

410, codebook restricting information that expresses code 
book restriction based on a bitmap format using 20 bits for 
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each rank, that is, a total of 160 bits for the rank 1 through the 
rank 8. The codebook restricting information may be trans 
mitted as downlink control information, for example, an RRC 
signal, from the base station 420 to the user equipment 410 
through a Physical Downlink Shared Channel (PDSCH). In 
this example, the codebook restricting information may be 
transmitted from the base station 420 to the user equipment 
410 through a Physical Downlink Control Channel (PDCCH) 
in addition to the PDSCH. In this example, the codebook 
restricting information may sequentially include first infor 
mation and second information for each rank. For example, 
the codebook restricting information may include first infor 
mation and second information associated with the rank 1, 
first information and second information associated with the 
rank 2, . . . . and first information and second information 
associated with the rank 8, sequentially. 
The codebook restricting information may sequentially 

include first information for each rank, and then may sequen 
tially include second information for each rank. For example, 
the codebook restricting information may sequentially 
include first information associated with the rank 1 through 
the rank 8, and then may sequentially include second infor 
mation associated with the rank 1 through the rank 8. The first 
information and the second information included in the code 
book restricting information may be independently transmit 
ted for each rank from the base station 420 to the user equip 
ment 410. When a codebook is not restricted for a 
predetermined rank, codebook restricting information asso 
ciated with the predetermined codebook may not be included. 

Accordingly, when a pair of a first index and a second index 
is restricted, codebook restricting information of a total of 
512 bits is required. However, when restriction on a first index 
and a second index is independently determined and trans 
mitted, an amount of feedback overhead of the codebook 
restriction may be significantly reduced. 
When the first precoder 422 performs intra-domain pre 

coding using a first precoding matrix, for example, in a case 
where a codebook is restricted so that precoding matrices 
expressed to be a first index=7 (PMI-7) are not to be used 
since an intra-domain precoding gain is Small, any precoding 
matrix that is expressed to be PMI-7 when the second pre 
coder 424 performs phase mismatch correction using a sec 
ond precoding matrix may not obtain an excellent precoding 
gain. 

That is, determining restriction on a first precoding matrix 
that performs intra-domain precoding may take precedence 
over determining restriction on a second precoding matrix 
that performs phase mismatch correction. Therefore, when a 
codebook restriction is performed, only the first precoding 
matrix may be restricted. In this example, the codebook 
restricting information includes only first information that 
restricts the first precoding matrix and thus, a total of 
16x8=128 bits may be required. 
When inter-domain phase mismatch interference takes 

precedence in a condition of the same inter-domain interfer 
ence, only the second precoding matrix may be restricted. In 
this example, the codebook restricting information includes 
only second information that restricts the second precoding 
matrix and thus, a total of 4x8–32 bits may be required. 
As described in the foregoing, a scheme that restricts both 

the first precoding matrix and the second precoding matrix, 
independently, a scheme that restricts only the first precoding 
matrix, and a scheme that restricts only the second precoding 
matrix may be selectively used. In this example, the base 
station 420 may transmit, to the user equipment 410, a restric 
tion mode indicator of a total of 2 bits that indicates a restric 
tion mode. 
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14 
The channel information feedback device 414 of the user 

equipment 410 determines a first precoding matrix excluding 
precoding matrices that are restricted from being used as a 
first precoding matrix based on first information included in 
codebook restricting information, and reports/feeds back, to 
the base station 420, 1' channel status information associated 
with the first precoding matrix. In the example provided in the 
foregoing, when 0111111111111111 corresponding to first 
information of a bitmap format that restricts a codebook with 
respect to a first index=0 (PMI=O) in a rank 1 is received, the 
channel information feedback device 414 determines a first 
precoding matrix from among precoding matrices corre 
sponding to indices excluding the first index=0 (PMI=0), 
that is, from among precoding matrices excluding precoding 
matrices corresponding the first index=0, and reports/feeds 
back 1 channel status information associated with the first 
precoding matrix to the base station. Also, each user equip 
ment 410 determines a second precoding matrix excluding 
matrices that are restricted from being used as a second pre 
coding matrix based on second information included in code 
book restricting information, and reports/feeds back, to the 
base station 420, 2" channel status information associated 
with the second precoding matrix. In the example provided in 
the foregoing, when 1011 corresponding to second infor 
mation of a bitmap format that restricts a codebook with 
respect to a second index=1 (PMI=1) in a rank 2 is received, 
the channel information feedback device 414 determines a 
second precoding matrix from among precoding matrices 
corresponding to indices excluding the second index=1 
(PMI -1), that is, from among precoding matrices excluding 
precoding matrices corresponding to the second index=1, and 
reports/feeds back 2" channel status information associated 
with the second precoding matrix to the base station. 
When 1011111111111111 corresponding to first infor 

mation and 1101 corresponding to second information of a 
bitmap format that restrict a codebook with respect to a first 
index=1 (PMI=1) and a second index=2 (PMI-2) in the 
rank 2 are received, the channel information feedback device 
414 determines a first precoding matrix and a second precod 
ing matrix excluding precoding matrices corresponding to the 
first index=1 (PMI=1) and the second index=2 (PMI-2) 
with respect to the rank 2 as shown in Table 5, and reports/ 
feeds back, to the base station, the associated 1' channel 
status information and 2" channel status information. In the 
same manner, the channel information feedback device 414 
may determine a first precoding matrix and a second precod 
ing matrix excluding precoding matrices designated by first 
information and second information, with respect to the rank 
3 through the rank 8. 
As described in the foregoing, a scheme that restricts both 

the first precoding matrix and the second precoding matrix, 
independently, a scheme that restricts only the first precoding 
matrix, and a scheme that restricts only the second precoding 
matrix may be selectively used. When the base station 420 
transmits, to the user equipment 410, a restriction mode indi 
cator of a total of 2 bits that indicates a restriction mode, the 
channel information feedback device 414 of the user equip 
ment 410 may determine a first precoding matrix and a second 
precoding matrix based on the restriction mode, and gener 
ates and reports 1' channel status information and 2" chan 
nel status information. 
A feedback period or interval of the 1 channel status 

information and the 2" channel status information may be 
different from each other. For example, the 1 channel status 
information may be fed back to the base station 420 based on 
a short term, and the 2" channel status information may be 
fed back to the base station 420 based on a long term. In other 
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words, a long period/long term and a short period/short term 
are relative terms, and the long period/long term indicates a 
period that is longer than the short period/short term. 
The first precoder 422 and the second precoder 424 of the 

base station 420 determine first and second precoding matri 
ces based onfusing channel status information reported from 
each user equipment 410, and perform precoding of data 
symbols using the precoding matrices. 
The MIMO wireless communication system that transmits 

and receives codebook restricting information and channel 
status information according to another embodiment of the 
present invention has been described. Hereinafter, a commu 
nication method of a transmitting device according to another 
embodiment of the present invention will be described. 

FIG. 6 is a flowchart illustrating a communication method 
of a transmitting device according to another embodiment of 
the present invention. 

Referring to FIG. 6, a communication method 600 of a 
transmitting device according to another embodiment of the 
present invention includes a layer mapping step S610 to map 
a codeword to a layer, a precoding step S620 to perform 
precoding of symbols, and a transmitting step S630 to propa 
gate a precoded symbol into air through two or more anten 
nas. The layer mapping step S610, the precoding step S620, 
and the transmitting step S630 are identical as described in the 
foregoing and thus, detailed descriptions thereofwill be omit 
ted. 
A communication method 600 of a base station according 

to another embodiment of the present invention indepen 
dently performs codebook restriction on a first precoding 
matrix of Table 3 and a second precoding matrix of Table 4 
with respect to each rank by referring to Table 5, and trans 
mits, to the user equipment 410, codebook restricting infor 
mation that expresses codebook restriction in a bitmap format 
using 20 bits for each rank, that is, a total of 160 bits from a 
rank 1 through a rank 8. The codebook restricting information 
may be transmitted as downlink control information, for 
example, an RRC signal, from the base station 420 to the user 
equipment 410 through a Physical DownlinkShared Channel 
(PDSCH). In this example, the codebook restricting informa 
tion may be transmitted from the base station 420 to the user 
equipment 410 through another channel Such as a Physical 
Downlink Control Channel (PDCCH) in addition to the 
PDSCH. 

In the layer mapping step S610, the codebook restricting 
information may be mapped to a layer as a downlink control 
signal. 
The base station 420 determines a precoding matrix to be 

used/not to be used for each cell or each user equipment, and 
transmits codebook restricting information associated with 
the precoding matrix to the user equipment 410. In this 
example, the codebook restricting information includes first 
information to restrict a precoding matrix from being used as 
a first precoding matrix and second information to restrict a 
precoding matrix from being used as a second precoding 
matrix in first and second codebooks for each layer. 
As shown in Table 5, when codebook restriction is deter 

mined with respect to a first index=0 (PMI=0) and a second 
index=1 (PMI=1) in a rank 1, codebook restricting informa 
tion may include 0111111111111111 corresponding to first 
information and 1011 corresponding to second information 
in a bitmap format. 
The precoding step S620 may perform precoding of a data 

symbol obtained through layer mapping, using a first precod 
ing matrix and a second precoding matrix selected from a 
corresponding codebook. In this example, the precoding step 
S620 may perform precoding of data symbols using a first 
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precoding matrix and a second precoding matrix correspond 
ing to a first index and a second index received from a receiv 
ing device Such as a user equipment. In this example, the first 
index and the second index received from the receiving device 
may correspond to indices associated with precoding matri 
ces selected from precoding matrices excluding precoding 
matrices that are restricted based on the codebook restricting 
information in the first codebook of Table 3 and the second 
codebook of Table 4. 
As described in the foregoing, the transmitting device Such 

as a base station may include at least one antenna pair in 
which at least one antenna polarized in one direction and at 
least one antenna polarized in another direction intersect each 
other. 

In this example, as described with reference to Equation 3, 
a first precoding matrix performs precoding between one 
antenna and another antenna that intersect each other, and a 
second precoding matrix performs phase mismatch correc 
tion between one antenna and another antenna. 
The communication method of the transmitting device has 

been described. Hereinafter, a communication method of a 
receiving device will be described. 

FIG. 7 is a flowchart illustrating a communication method 
of a receiving device according to another embodiment of the 
present invention. 
A communication method 700 of a receiving device may 

include a codebook restricting information receiving step 
S710 to receive codebook restricting information from a 
transmitting device, and a channel information transmitting 
step S720 to transmit 1' channel status information and 2" 
channel status information to the transmitting device. 
The codebook restricting information receiving step S710 

may receive first information to restrict a precoding matrix 
from being used as a first precoding matrix and second infor 
mation to restrict a precoding matrix from being used as a 
second precoding matrix for each layer. In this example, the 
codebook restricting information includes first information to 
restrict a precoding matrix from being used as a first precod 
ing matrix and second information to restrict a precoding 
matrix from being used as a second precoding matrix in a first 
codebook and a second codebook for each layer. The channel 
information transmitting step S720 transmits, to the transmit 
ting device, 1 channel status information indicating a first 
precoding matrix and 2" channel status information indicat 
ing a second precoding matrix, the first precoding matrix and 
the second precoding matrix being selected, based on code 
book restricting information, from precoding matrices that 
are not restricted from being used as a first precoding matrix 
or a second precoding matrix in a codebook. 

Step S710 and step S720 will be described in detail in the 
following. When the receiving device receives 
0111111111111111 corresponding to first information and 
1011 corresponding to second information in a bitmap for 
mat that restrict a codebook with respect to a first index=0 
(PMI=0) in a rank 1 in step S710, the receiving device 
determines a first precoding matrix from among precoding 
matrices corresponding to indices excluding the first index=0 
(PMI=0), that is, from among precoding matrices excluding 
precoding matrices corresponding to the first index 0, as 
shown in Table 5, and reports/feeds back associated 1 chan 
nel status information to a base station, and determines a 
second precoding matrix from among precoding matrices 
corresponding to indices excluding the second index=1 
(PMI-1), that is, from among precoding matrices excluding 
precoding matrices corresponding to the second index=1, and 
reports/feeds back associated 2" channel status information 
to the base station in step S720. 
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Accordingly, a codebook may be generally restricted with 
respect to second indices that make pairs with the first 
index=0 (PMI=0), for example, (PMI, PMI)=(0,1), (0,1), 
(0, 2), (0.3) in Table 5. Also, a codebook may be generally 
restricted with respect to the first indices that make pairs with 
the second index=1 (PMI=1), for example, (PMI, PMI)= 
(0,1), (1,1), ..., (14.1), (15.1) in table 5. 
When the receiving device receives 1011111111111111 

corresponding to first information and 1101 corresponding 
to second information of a bitmap format that restrict a code 
book with respect to a first index=1 (PMI=1) and a second 
index=2 (PMI-2) in a rank 2 in step S710, the receiving 
device determines a first precoding matrix and a second pre 
coding matrix excluding precoding matrices corresponding 
to the first index=1 (PMI=1) and the second index=2 
(PMI-2) for the rank 2 as shown in Table 5, and reports/feeds 
back is associated 1 channel status information and associ 
ated 2" channel status information to the base station in step 
ST20. 

Accordingly, a codebook may be generally restricted with 
respect to second indices that make pairs with the first 
index=1 (PMI=1), for example, (PMI, PMI)=(1,1), (1,1). 
(1, 2), (1.3) in Table 5. Also, a codebook may be generally 
restricted with respect to the first indices that make pairs with 
the second index=2 (PMI-2), for example, (PMI, PMI)= 
(0.2), (1.2). . . . . (14.2), (15.2) in table 5. 

In other words, the codebook restricting information 
includes the first information and the second information. 
Accordingly, when a first precoding matrix is restricted from 
being used as a first precoding matrix based on the first 
information, the use of second precoding matrices that make 
pairs with the restricted first precoding matrix may be 
restricted. When a second precoding matrix is restricted from 
being used as a second precoding matrix based on the second 
information, the use of first precoding matrices that make 
pairs with the restricted second precoding matrix may be 
restricted. 

In the same manner, the receiving device may determine a 
first precoding matrix and a second precoding matrix for each 
of a rank 3 through a rank 8, excluding precoding matrices 
designated by first information and second information. 
The process in which a base station and a user equipment 

exchange codebook restricting information and channel sta 
tus information in a wireless communication system when a 
codebook is restricted in a case where a multistage precoder 
is used, a MIMO wireless communication system that trans 
mits and receives codebook restricting information and chan 
nel status information, and the transceiving method or com 
munication method of the transmitting device and the 
receiving device in the wireless communication system have 
been described. 

According to the embodiments of the present invention, 
information to restrict precoding matrices is determined for 
each multistage precoder, and codebook restricting informa 
tion including the determined information is transmitted and 
thus, an amount of transmission overhead of the codebook 
restricting information may be reduced. According to the 
embodiments of the present invention, the wireless commu 
nication system uses the codebook restriction scheme and 
thus, inter-cell interference may be controlled. 

According to a definition of a precoding matrix as 
described with reference to Equation 3, a precoding gain in 
each domain or a Subset of an antennais determined by a first 
precoding matrix. That is, an overall precoding gain is deter 
mined by again associated with the first precoding matrix and 
a coding gain of a second precoder matrix that performs phase 
mismatch correction (co-phasing) between domains or Sub 
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sets. In this example, the second precoding matrix performs 
phase mismatch correction (co-phasing) between domains or 
Subsets and thus, a maximum precoding gain that each user 
equipment is able to obtain may be determined by the first 
precoding matrix. In other words, power or receivable maxi 
mum power of a signal that each user equipment receives is 
determined by a first precoder or a first precoding matrix, and 
a second precoder or a second precoding matrix performs 
only phase correction of a signal received by each domain or 
Subset of an antenna. Interference by multiple-access may be 
significantly affected by a first precoder or a first precoding 
matrix. 

FIGS. 8 through 10 are conceptual diagrams illustrating a 
process of controlling inter-cell interference using a code 
book restriction scheme in a wireless communication system 
according to embodiments of the present invention. 

Referring to FIG. 8, inter-cell interference may occur 
among cell edge user equipments 810a through 810d during 
beam forming. For example, user equipments 810a and 810b 
exist in a coverage of a first base station and a second base 
station as shown in FIG. 8 and thus, when a signal is trans 
mitted that is precoded based on a first precoding matrix 
associated with a PMI-4 or PMI=6 of the first base station 
of a first cell 820a, transmission of a signal that is precoded 
based on a first precoding matrix associated with a PMI=13 
of the second base station or a second cell 820b may cause 
interference. 

In other words, the user equipments 810a and 810b receive 
both the transmitted signal that is precoded based on the first 
precoding matrix associated with the PMI=4 or PMI-6 of 
the first base station or the first cell 820a and the transmitted 
signal that is precoded based on the first precoding matrix 
associated with a PMI-13 of the second base station or the 
second cell 820b and thus, interference may occur. 

Also, user equipments 810c and 810d existina coverage of 
the first base station and the second base station as shown in 
FIG. 8 and thus, when a signal is transmitted that is precoded 
based on a first precoding matrix associated with a PMI-8 of 
the first base station 820a, transmission of a signal that is 
precoded based on a first precoding matrix associated with a 
PMI=2 or a PMI=11 of the second base station 820b may 
cause interference. 
The descriptions may be specifically provided using the 

user equipment 810b as an example as follows. The user 
equipment 810b receives a signal from both the first base 
station 820a and the second base station 820b as shown in 
FIG.8. The first base station 820a transmits a signal using the 
first precoding matrix corresponding to the PMI-6 to trans 
mit a signal to the user equipment 810b, and the second base 
station 820b uses the first precoder matrix corresponding to 
the PMI-13 to transmit a signal to the user equipment 810b. 
Accordingly, as illustrated in FIG. 8, when the second base 
station 820b transmits a signal to the user equipment 810b 
using the PMI=13, another user equipment 810a may 
receive multiple-access interference by the signal transmitted 
to the user equipment 810b. 
When the second base station 820b restricts a codebook so 

that the first precoder matrix corresponding to the PMI-13 is 
not to be used, the user equipment 810b receives a signal from 
only the first base station 820a and thus, inter-cell interfer 
ence due to multiple-interference may be prevented in 
advance. 

Other user equipments 810c and 810d may receive mul 
tiple-access interference due to inter-cell interference, like 
the user equipments 810a and 810b. 
When the first base station 820a restricts a codebook so that 

the first precoder matrix corresponding to the PMI-8 is not 
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to be used, user equipments 810c and 810d receive a signal 
from only the second base station 820b and thus, inter-cell 
interference due to multiple-interference may be prevented in 
advance. 

FIG. 9 conceptually illustrates a case in which a first pre 
coding matrix or an associated index that is expected to cause 
inter-cell interference is restricted by performing a codebook 
restriction based on the above-mentioned scheme, and a 
downlink MIMO is performed based on the restriction. 

Referring to FIG.9, when each base station 820a and 820b 
performs a PMI=13 based codebook restriction that restricts 
the use of a first precoding matrix corresponding to a 
PMI=13 or a PMI=8, occurrence of inter-cell interference 
may be avoided or reduced as illustrated in FIG.9. Therefore, 
when a codebook restriction is applied to only a PMI and is 
not applied to a PMI, inter-cell interference may be removed. 

Referring to FIG. 10, the user equipment 810b receives 
signals precoded based on a first precoding matrix associated 
with a PMI=6 of a first base station and a first precoding 
matrix associated with a PMI=13 of a second base station 
and thus, interference may occur. The user equipment 810c 
receives signals precoded based on a first precoding matrix 
associated with a PMI-8 of the first base station and a first 
precoding matrix associated with a PMI=2 of the second 
base station and thus, interference may occur. In this example, 
the first base station may allow the use of the PMI=6 and may 
restrict the use of the PMI=2, and conversely, the second 
base station may allow the use of the PMI-2 and may restrict 
the use of the PMI=6 and thus, interference between user 
equipments may be removed. 
As another example, to remove interference between user 

equipments, the first base station may allow the use of the 
PMI=8 and may restrict the use of the PMI=13, and con 
versely, the second base station may allow the use of the 
PMI=13 and may restrict the use of the PMI=8. 
As another example, to remove interference between user 

equipments, the first base station may allow the use of the 
PMI=6 and the PMI=8 and the second base station may 
restrict the use of the PMI=6 and the PMI=8. Conversely, 
the first base station may restrict the use of the PMI-6 and 
the PMI=8 and the second base station may allow the use of 
the PMI=6 and the PMI=8. 
As described in the foregoing, when each base station 820a 

and 820b performs the PMI based codebook restriction, 
occurrence of inter-cell interference may be avoided or 
reduced. 

Also, when codebook restriction is applied with respect to 
only the PMI, there is an advantage in that a codebook is 
restricted by a small number of bits. Also, no restriction is 
applied to the PMI that directly controls a precoding gain and 
thus, more precise precoding is available and a size of a 
codebook may be reduced. 

Although the embodiments of the present invention have 
been described in detail, the present invention may not be 
limited thereto. 
The embodiments of the present invention may be applied 

to an up/downlink MIMO system, and may be applied to all 
up/downlink MIMO systems such as a Coordinated multi 
point transmission/reception system (CoMP), a heteroge 
neous network, and the like, in addition to a single cell envi 
rOnment. 

Although a preferred embodiment of the present invention 
has been described for illustrative purposes, those skilled in 
the art will appreciate that various modifications, additions 
and Substitutions are possible, without departing from the 
Scope and spirit of the invention as disclosed in the accom 
panying claims. Therefore, the embodiments disclosed in the 
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present invention are intended to illustrate the scope of the 
technical idea of the present invention, and the scope of the 
present invention is not limited by the embodiment. The 
scope of the present invention shall be construed on the basis 
of the accompanying claims in Such a manner that all of the 
technical ideas included within the Scope equivalent to the 
claims belong to the present invention. 

The invention claimed is: 
1. A communication method of a transmitting device 

including a first precoder and a second precoder, the method 
comprising: 

determining a first bit sequence to restrict at least one 
precoding matrix from a first precoding matrix group, 
each bit of the first bit sequence corresponding to one 
precoding matrix of the first precoding matrix group, 
respectively, and the at least one precoding matrix of the 
first precoding matrix group being restricted from being 
used as a precoding matrix of the first precoder, 

determining a second bit sequence to restrict at least one 
precoding matrix from a second precoding matrix 
group, each bit of the second bit sequence corresponding 
to one precoding matrix of the second precoding matrix 
group, respectively, and the at least one precoding 
matrix of the second precoding matrix group being 
restricted from being used as a precoding matrix of the 
second precoder; and 

transmitting, to a receiving device, codebook restricting 
information including at least one of the first bit 
sequence and the second bit sequence, 

receiving, from the receiving device, information relating 
to the precoding matrix of the first precoder and infor 
mation relating to the precoding matrix of the second 
precoder, and 

wherein a period of receiving the information relating to 
the precoding matrix of the first precoder and a period of 
receiving the information relating to the precoding 
matrix of the second precoder are different from each 
other. 

2. The method of claim 1, further comprising: 
precoding data symbols through the first precoder and the 

second precoder using the precoding matrix of the first 
precoder and the precoding matrix of the second pre 
coder; and 

transmitting the precoded data symbols, 
wherein the information relating to the precoding matrix of 

the first precoder and the information relating to the 
precoding matrix of the second precoder correspond to 
channel status information. 

3. The method of claim 1, wherein the first matrix group 
includes N precoding matrices, and the first bit sequence is an 
N-bit sequence, where N is an integer. 

4. The method of claim 1, wherein the use of precoding 
matrices for the second precoder that make pairs with 
restricted precoding matrices of the first matrix group is 
restricted based on the first bit sequence, and the use of 
precoding matrices for the first precoder that make pairs with 
restricted precoding matrices of the second matrix group is 
restricted based on the second bit sequence. 

5. The method of claim 1, wherein the transmitting device 
includes at least one antenna pair in which a first domain 
including at least one antenna polarized in one direction and 
a second domain including at least one antenna polarized in 
another direction intersect each other, and 

the precoding matrix of the first precoder performs precod 
ing on the first domain and the second domain, sepa 
rately, and the precoding matrix of the second precoder 
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performs phase mismatch correction to remove an effect 
from a phase mismatch between the first domain and the 
second domain. 

6. The method of claim 5, wherein the precoding matrix of 
the first precoder corresponds to W1 in the following Equa 
tion, and the precoding matrix of the second precoder corre 
sponds to W2 in the following Equation: 

wherein Rodenotes a value determined by a precoding gain 
when the first domain and the second domain have an 
identical spatial channel status, I denotes a unit matrix, 
and A denotes a phase mismatch correction value 
between the first domain and the second domain. 

7. The method of claim 5, wherein a number of the antenna 
pairs corresponds to 4. 

8. The method of claim 1, wherein the period of receiving 
the information relating to the precoding matrix of the first 
precoder is longer than the period of receiving the informa 
tion relating to the precoding matrix of the second precoder. 

9. A transmitting device, the device comprising: 
a layer mapper to map a codeword to a layer, 
a precoder configured to precode a data symbol corre 

sponding to the codeword mapped to the layer by the 
layer mapper, the precoder precoding the data symbol 
using a precoding matrix of a first precoder and a pre 
coding matrix of a second precoder selected from cor 
responding codebooks; and 

an antenna array to transmit, to a receiving device, at least 
one of a first bit sequence and a second bit sequence, to 
receive, from the receiving device, information relating 
to the precoding matrix of the first precoder and infor 
mation relating to the precoding matrix of the second 
precoder, and to transmit signals output from the pre 
coder, 

wherein the first bit sequence restricts at least one precod 
ing matrix from a first precoding matrix group, the at 
least one precoding matrix of the first precoding matrix 
group being restricted from being used as the precoding 
matrix of the first precoder, 

wherein the second bit sequence restricts at least one pre 
coding matrix from a second precoding matrix group, 
the at least one precoding matrix of the second precod 
ing matrix group being restricted from being used as the 
precoding matrix of the second precoder, 

wherein each bit of the first bit sequence corresponds to one 
precoding matrix of the first precoding matrix group, 
respectively, and each bit of the second bit sequence 
corresponds to one precoding matrix of the second pre 
coding matrix group, respectively, and 

wherein a period of receiving the information relating to 
the precoding matrix of the first precoder and a period of 
receiving the information relating to the precoding 
matrix of the second precoder are different from each 
other. 

10. The device of claim 9, wherein the information relating 
to the precoding matrix of the first precoder and the informa 
tion relating to the precoding matrix of the second precoder 
correspond to channel status information. 

11. The device of claim 9, wherein the first matrix group 
includes N precoding matrices, and the first bit sequence is an 
N-bit sequence, where N is an integer. 
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12. The device of claim 9, wherein the use of precoding 

matrices for the second precoder that make pairs with 
restricted precoding matrices of the first matrix group is 
restricted based on the first bit sequence, and the use of 
precoding matrices for the first precoder that make pairs with 
restricted precoding matrices of the second matrix group is 
restricted based on the second bit sequence. 

13. The device of claim 9, wherein the antenna array 
includes at least one antenna pair in which a first domain 
including at least one antenna polarized in one direction and 
a second domain including at least one antenna polarized in 
another direction intersect each other, and 

the precoding matrix of the first precoder performs precod 
ing on the first domain and the second domain, sepa 
rately, and the precoding matrix of the second precoder 
performs phase mismatch correction to remove an effect 
from a phase mismatch between the first domain and the 
second domain. 

14. The device of claim 13, wherein the precoding matrix 
of the first precoder corresponds to W1 in the following 
Equation, and the precoding matrix of the second precoder 
corresponds to W2 in the following Equation: 

wherein Rodenotes a value determined by a precoding gain 
when the first domain and the second domain have an 
identical spatial channel status, I denotes a unit matrix, 
and A denotes a phase mismatch correction value 
between the first domain and the second domain. 

15. The device of claim 13, wherein the first domain and the 
second domain intersect each other. 

16. The device of claim 13, wherein a number of the 
antenna pairs corresponds to 4. 

17. A communication method of a receiving device in a 
wireless communication system, the method comprising: 

receiving codebook restricting information including at 
least one of a first bit sequence to restrict at least one 
precoding matrix from a first precoding matrix group 
and a second bit sequence to restrict at least one precod 
ing matrix from a second precoding matrix group, each 
bit of the first bit sequence corresponding to one precod 
ing matrix of the first precoding matrix group, respec 
tively, the at least one precoding matrix of the first pre 
coding matrix group being restricted from being used as 
a precoding matrix of a first precoder, each bit of the 
second bit sequence corresponding to one precoding 
matrix of the second precoding matrix group, respec 
tively, and the at least one precoding matrix of the sec 
ond precoding matrix group being restricted from being 
used as a precoding matrix of a second precoder; and 

transmitting, to a transmitting device, 1 channel status 
information indicating the precoding matrix of the first 
precoder and 2" channel status information indicating 
the precoding matrix of the second precoder, the precod 
ing matrix of the first precoder and the precoding matrix 
of the second precoder being selected, based on the 
codebook restricting information, from among precod 
ing matrices that are not restricted, 

wherein a period of transmitting the information relating to 
the precoding matrix of the first precoder and a period of 
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transmitting the information relating to the precoding 
matrix of the second precoder are different from each 
other. 

18. The method of claim 17, wherein the first matrix group 
includes N precoding matrices, and the first bit sequence is an 
N-bit sequence, where N is an integer. 

19. The method of claim 17, wherein the use of precoding 
matrices for the second precoder that make pairs with 
restricted precoding matrices of the first matrix group is 
restricted based on the first bit sequence, and the use of 
precoding matrices for the first precoder that make pairs with 
restricted precoding matrices of the second matrix group is 
restricted based on the second bit sequence. 

20. The method of claim 17, wherein the transmitting 
device includes at least one antenna pair in which a first 
domain including at least one antenna polarized in one direc 
tion and a second domain including at least one antenna 
polarized in another direction intersect each other, and 

the precoding matrix of the first precoder performs precod 
ing on the first domain and the second domain, sepa 
rately, and the precoding matrix of the second precoder 
performs phase mismatch correction to remove an effect 
from a phase mismatch between the first domain and the 
second domain. 

21. The method of claim 20, wherein the precoding matrix 
of the first precoder corresponds to W1 in the following 
Equation and the precoding matrix of the second precoder 
corresponds to W2 in the following Equation: 

wherein Rodenotes a value determined by a precoding gain 
when the first domain and the second domain have an 
identical spatial channel status, I denotes a unit matrix, 
and A denotes a phase mismatch correction value 
between the first domain and the second domain. 

22. The method of claim 17, wherein the period of trans 
mitting the information relating to the precoding matrix of the 
first precoder is longer than the period of transmitting the 
information relating to the precoding matrix of the second 
precoder. 

23. A receiving device in a wireless communication sys 
tem, the receiving device comprising: 

an antenna array to receive, as codebook restricting infor 
mation, at least one of a first bit sequence to restrict at 
least one precoding matrix from a first precoding matrix 
group and a second bit sequence to restrict at least one 
precoding matrix from a second precoding matrix 
group, each bit of the first bit sequence corresponding to 
one precoding matrix of the first precoding matrix 
group, respectively, the at least one precoding matrix of 
the first precoding matrix group being restricted from 
being used as a precoding matrix of a first precoder, each 
bit of the second bit sequence corresponding to one 
precoding matrix of the second precoding matrix group, 
respectively, and the at least one precoding matrix of the 
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second precoding matrix group being restricted from 
being used as a precoding matrix of a second precoder; 
and 

a channel information feedback device to transmit, to a 
transmitting device, information relating to the precod 
ing matrix of the first precoder and information relating 
to the precoding matrix of the second precoder, the pre 
coding matrix of the first precoder and the precoding 
matrix of the second precoder being selected, based on 
the codebook restricting information, from among pre 
coding matrices that are not restricted, 

wherein a period of transmitting the information relating to 
the precoding matrix of the first precoder and a period of 
transmitting the information relating to the precoding 
matrix of the second precoder are different from each 
other. 

24. The device of claim 23, wherein the first matrix group 
includes N precoding matrices, and the first bit sequence is an 
N-bit sequence, where N is an integer. 

25. The device of claim 23, wherein the use of precoding 
matrices for the second precoder that make pairs with 
restricted precoding matrices of the first matrix group is 
restricted based on the first bit sequence, and the use of 
precoding matrices for the second precoder that make pairs 
with restricted precoding matrices of the second matrix group 
is restricted based on the second bit sequence. 

26. The device of claim 23, wherein the transmitting device 
includes at least one antenna pair in which a first domain 
including at least one antenna polarized in one direction and 
a second domain including at least one antenna polarized in 
another direction intersect each other, and 

the precoding matrix of the first precoder performs precod 
ing on the first domain and the second domain, sepa 
rately, and the precoding matrix of the second precoder 
performs phase mismatch correction to remove an effect 
from a phase mismatch between the first domain and the 
second domain. 

27. The device of claim 26, wherein the precoding matrix 
of the first precoder corresponds to W1 in the following 
Equation, and the precoding matrix of the second precoder 
corresponds to W2 in the following Equation: 

wherein Rodenotes a value determined by a precoding gain 
when the first domain and the second domain have an 
identical spatial channel status, I denotes a unit matrix, 
and A denotes a phase mismatch correction value 
between the first domain and the second domain. 

28. The device of claim 23, wherein the period of transmit 
ting the information relating to the precoding matrix of the 
first precoder is longer than the period of transmitting the 
information relating to the precoding matrix of the second 
precoder. 
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APPARATUS AND METHOD FOR group with respect to a plurality of CCs based on a connec 
ESTABLISHING UPLINK tion mode of a UE in a wireless communication system . 

SYNCHRONIZATION IN A WIRELESS Another aspect of the present invention is to provide a 
COMMUNICATION SYSTEM method and apparatus for configuring a synchronization 

5 group based on characteristics of a plurality of CCs available 
CROSS - REFERENCE TO RELATED in a wireless communication system . 

APPLICATIONS Another aspect of the present invention is to provide a 
method and apparatus of a UE that may configure a UL 

This application is a continuation of U . S . patent applica - timing synchronization group with respect to a plurality of 
tion Ser . No . 13 / 578 , 531 , filed on Aug . 10 . 2012 , which is 10 CCs in a wireless communication system . 
the National Stage Entry of International Application No . Another aspect of the present invention is to provide a 
PCT / KR2011 / 000909 , filed on Feb . 10 , 2011 , and claims method and apparatus of a UE that may obtain synchroni 
priority from and the benefit of Korean Patent Application zation information associated with a plurality of CCs 
No . 10 - 2010 - 0012564 , filed on Feb . 10 , 2010 , Korean Patent through a random access procedure in a wireless commu 
Application No . 10 - 2010 - 0027230 , filed on Mar . 26 , 2010 , 15 nication system , and may establish and update synchroni 
and Korean Patent Application No . 10 - 2011 - 0008683 , filed zation with an eNB . 
on Jan . 28 , 2011 , all of which are hereby incorporated by In accordance with an aspect of the present invention , 
reference for all purposes as if fully set forth herein . there is provided a method for an eNB to establish an uplink 

( UL ) synchronization in a wireless communication system , 
BACKGROUND 20 the method including : receiving a synchronization request 

message from a user equipment ( UE ) through one or more 
Field delegate CCs in a UL timing group ; and transmitting UL 
The present invention relates to a method and apparatus synchronization information corresponding to the UL timing 

for establishing an uplink ( UL ) synchronization in a wireless group to the UE through the one or more CCs , so as to 
communication system , and more particularly , to a method 25 establish the UL synchronization , and the one or more 
and apparatus for configuring a UL synchronization with delegate CCs are selected by the UE based on a state of the 
respect to at least one Component Carrier ( CC ) . UL timing group and characteristics of a plurality of CCs 

Discussion of the Background forming the UL timing group , so as to establish the UL 
Synchronization between a user equipment ( UE ) and an synchronization . 

evolved node B ( NB ) is an important issue in a wireless 30 In accordance with another aspect of the present inven 
communication system since transmission / reception of tion , there is provided a method for a UE to establish a UL 
information between the UE and the eNB may not be synchronization in a wireless communication system , the 
performed without synchronization . method including : transmitting a synchronization request 

Current wireless communication system needs to satisfy a message to an eNB through one or more delegate CCs in a 
user demand through use of a plurality of CCs , unlike a 35 UL timing group ; receiving UL synchronization information 
conventional wireless communication system that supports a corresponding to the UL timing group for establishing the 
single component carrier ( CC ) or a single service band . UL synchronization , from the eNB through the one or more 
However , a detailed scheme for synchronization with delegate CCs ; and establishing synchronization by applying , 
respect to the plurality of CCs has not been provided yet . to the UL timing group , the UL synchronization information 

Accordingly , there is a desire for a scheme for effective 40 received through the one or more delegate CCs , and the one 
synchronization in a wireless communication using a plu - or more delegate CCs are selected by the UE based on a state 
rality of CCs since synchronization is a factor that has a of the UL timing group and characteristics of a plurality of 
great effect on an efficiency of a network . CCs forming the UL timing group , so as to establish the UL 

synchronization . 
SUMMARY 45 In accordance with another aspect of the present inven 

tion , there is provided an eNB to establish a UL synchro 
Therefore , the present invention has been made in view of nization in a wireless communication system , the eNB 

the above - mentioned problems , and an aspect of the present including : a controller to generate UL synchronization infor 
invention is to provide a method and apparatus for effec - mation corresponding to a UL timing group , so as to 
tively operating a synchronization process by configuring an 50 establish the UL synchronization , and a transceiving unit to 
uplink ( UL ) synchronization in a wireless communication receive a synchronization request message from a user 
network supporting a plurality of CCs of Carrier Aggrega equipment ( UE ) through one or more delegate CCs in the 
tion system for efficiency of a network , and secures stability UL timing group , and to transmit the UL synchronization 
of transmission / reception . information to the UE through the one or more delegate 

Another aspect of the present invention is to provide a 55 CCs , and the one or more delegate CCs are selected by the 
method and apparatus for establishing synchronization in a UE based on a state of the UL timing group and character 
wireless communication system . istics of a plurality of CCs forming the UL timing group , so 

Another aspect of the present invention is to provide a as to establish the UL synchronization . 
method and apparatus for transmitting / receiving synchroni - In accordance with another aspect of the present inven 
zation information to be used for establishing synchroniza - 60 tion , there is provided a UE to establish a UL synchroniza 
tion in a wireless communication system . tion in a wireless communication system , the UE including : 

Another aspect of the present invention is to provide a a transceiving unit to transmit a synchronization request 
method and apparatus for configuring a synchronization message to an eNB through one or more delegate CCs in a 
group with respect to a plurality of CCs in a wireless UL timing group , and to receive UL synchronization infor 
communication system . 65 mation corresponding to the UL timing group through the 

Another aspect of the present invention is to provide a one or more delegate CCs ; a controller to determine the UL 
method and apparatus for configuring a synchronization synchronization information received by the transceiving 
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unit ; and a UL timing adjusting unit to establish a UL Packet Access ( HSPA ) , and the like , and a mobile station 
synchronization of the UL timing group , based on the UL ( MS ) , a user terminal ( UT ) , a subscriber station ( SS ) , a 
synchronization information determined by the controller , wireless device and the like in Global System for Mobile 
and the one or more delegate CCs are selected by the UE Communications ( GSM ) . 
based on a state of the UL timing group and characteristics 5 The eNB or a cell may refer to a fixed station where 
of a plurality of CCs forming the UL timing group , so as to communication with the UE is performed , and may also be 
establish the UL synchronization . referred to as a Node - B , a base transceiver system ( BTS ) , an 

access point , and the like . 
BRIEF DESCRIPTION OF THE DRAWINGS The eNB or the cell may be construed as an inclusive 

10 concept indicating a portion of an area covered by a radio 
FIG . 1 is a diagram illustrating an example of configuring network controller ( RNC ) in WCDMA , and the like , and the 

a plurality of component carriers ( CCs ) ; concept may include various cell coverage areas , such as a 
FIG . 2 is a diagram illustrating an example associated megacell , macrocell , a microcell , a picocell , a femtocell , and 

with a timing advance ( TA ) of a synchronization process ; the like . 
FIG . 3 is a diagram illustrating a random access process 15 In the specifications , the UE and the eNB are used as two 

performed between a user equipment ( UE ) and an evolved inclusive transceiving subjects to embody the technology 
Node - B ( NB ) ; and technical concepts described in the specifications , and 

FIG . 4 is a diagram illustrating a process that obtains an may not be limited to a predetermined term or word . 
uplink ( UL ) synchronization according to an embodiment of A multiple access scheme applied to the wireless com 
the present invention ; 20 munication system may not be limited . The wireless com 

FIG . 5 is a diagram illustrating a process that obtains a Up m unication system may utilize varied multiple access 
Link ( UL ) synchronization according to another embodi - schemes , such as Code Division Multiple Access ( CDMA ) , 
ment of the present invention ; Time Division Multiple Access ( TDMA ) , Frequency Divi 

FIG . 6 is a diagram illustrating a process that obtains a UL sion Multiple Access ( FDMA ) , Orthogonal Frequency Divi 
synchronization according to still another embodiment of 25 sion Multiple Access ( OFDMA ) , Orthogonal Frequency 
the present invention ; Division Multiple Frequency Division Multiple Access 

FIG . 7 is a diagram illustrating a process in which an eNB ( OFDM - FDMA ) , Orthogonal Frequency Division Multiple 
enables the UE to obtain a UL synchronization in response Time Division Multiple Access ( OFDM - TDMA ) , Orthogo 
to a request from the UE according to an embodiment of the nal Frequency Division Multiple Code Division Multiple 
present invention ; 30 Access ( OFDM - CDMA ) , and the like . Uplink ( UL ) trans 

FIG . 8 is a diagram illustrating a process in which a UE mission and downlink ( DL ) transmission may be performed 
obtains a UL synchronization through use of a UL timing based on a time division duplex ( TDD ) scheme that per 
group according to an embodiment of the present invention ; forms transmission based on different times , or based on a 

FIG . 9 is a diagram illustrating a process in which a UE frequency division duplex ( FDD ) scheme that performs 
obtains a UL synchronization through use of a UL timing 35 transmission based on different frequencies . 
group according to an embodiment of the present invention ; An embodiment of the present invention may be appli 

FIG . 10 is a block diagram of an eNB according to an cable to an asynchronous wireless communication scheme 
embodiment of the present invention ; and that is advanced through GSM , WCDMA , and HSPA , to be 

FIG . 11 is a block diagram of a UE according to an LTE and LTE - advanced , and may be applicable to a syn 
embodiment of the present invention . 40 chronous wireless communication scheme that is advanced 

through CDMA and CDMA - 2000 , to be UMB . Embodi 
DETAILED DESCRIPTION OF THE ments of the present invention may not be limited to a 
ILLUSTRATED EMBODIMENTS specific wireless communication scheme , and may be appli 

cable to all technical fields to which a technical idea of the 
Hereinafter , exemplary embodiments of the present 45 present invention is applicable . 

invention will be described with reference to the accompa - FIG . 1 illustrates an example of a wireless communication 
nying drawings . In the following description , the same system that uses a plurality of CCs according to an embodi 
elements will be designated by the same reference numerals m ent of the present invention . 
although they are shown in different drawings . Further , in Referring to FIG . 1 , the wireless communication system 
the following description of the present invention , a detailed 50 may be a next generation communication system , including 
description of known functions and configurations incorpo an LTE system and an LTE - A system . 
rated herein will be omitted when it may make the subject The LTE / LTE - A system may extend a bandwidth to 
matter of the present invention rather unclear . satisfy a high data transmission rate corresponding to a 

The specifications will describe a wireless communica system requirement , and may use a plurality of component 
tion system as an example , and operations performed in 55 carriers ( CCs ) which are unit carriers . Here , a single CC may 
wireless communication may include all operations per have a maximum bandwidth of 20 megahertz ( MHz ) . 
formed in a system that manages the wireless communica Resource allocation may be performed within a bandwidth 
tion and a wireless communication device that transmits of 20 MHz depending on a service . However , it is merely an 
data . The wireless communication system may provide example during a process of embodying a system . Depend 
various communication services such as voice data , packet 60 ing on a configuration of a system , a single CC may be 
data , and the like . According to an embodiment , the wireless configured to have a bandwidth smaller than or equal to 20 
communication system may include , for example , a user MHZ . Also , a plurality of CCs may be bound and used as a 
equipment ( UE ) and an evolved Node - B ( eNB ) . single system band , and may be referred to as a carrier 

The UE may be an inclusive concept indicating a user aggregation ( CA ) . 
terminal utilized in a wireless communication , including a 65 As illustrated in FIG . 1 , when five CCs having a maxi 
UE in Wideband Code Division Multiple Access mum bandwidth of 20 MHz are used , a bandwidth may be 
( WCDMA ) , Long Term Evolution ( LTE ) , High Speed expanded up to 100 MHz to support a quality of service . In 

Case 5:22-cv-00113-RWS-JBB   Document 1-3   Filed 09/02/22   Page 16 of 28 PageID #:  84

IPR2023-01267, -01268, -01269, 
-01270, -1272, -01273 | Page 84



US 9 , 854 , 545 B2 

this example , an allocable frequency band , which may be mission scheme adopted by the wireless communication 
determined by each CC , may be contiguous or non - contigu system , such as CDMA , is capable of separately receiving 
ous based on a scheduling of the CA . the information . However , in a wireless communication 

Throughout the specifications , a component carrier may system that is based on OFDMA or FDMA , uplink trans 
be denoted by a CC and may be distinguished by names , for 5 mission information of all the UEs may be simultaneously 
example , CCO , CC1 , and the like . However , a number received by the eNB and may be demodulated and thus , a 
included in a name of each CC may not always match an reception performance may increase as the uplink transmis 
order of a corresponding CC or a location of a frequency sion information is received at an accurate time , and a 
band of the corresponding CC . reception performance may be rapidly deteriorated as a 

Referring to FIG . 1 , the CA may be configured to include 10 reception time difference of each UE signal received in the 
a first CC ( CC1 ) 110 , a second CC ( CC2 ) 120 , a third CC eNB is increased . 
( CC3 ) 130 , and an Nh CC ( CCN ) 140 . A UL and a DL Accordingly , in a wireless communication system that 
allocated to each CC may be different from each other , or utilizes OFDMA or SC - FDMA as a UL transmission 
may be the same as one another based on a scheduler . scheme , such as LTE , a timing alignment value may be 

In a wireless communication environment , an electric 15 calculated for each UE based on a random access scheme 
wave may experience a propagation delay while the electric and the like , to obtain a transmission delay time in a DL and 
wave is transferred from a transmitter to a receiver . Accord a transmission delay time in a UL , and each UE may be 
ingly , although both the transmitter and the receiver are informed of the calculated TA value , so that a UL synchro 
accurately aware of a time when the electric wave is nization is obtained . 
transmitted from the transmitter , a time when the electric 20 FIG . 2 illustrates an example associated with a timing 
wave is received by the receiver may be affected by a advance ( TA ) in a synchronization process according to an 
distance between the transmitter and the receiver , an ambi - embodiment of the present invention . 
ent propagation environment , and the like , and may vary In general , a UL radio frame i 220 may need to be 
over time when the receiver moves . When the receiver is not transmitted at the same point in time as a point in time when 
accurately aware of a point in time when a signal transmitted 25 a DL radio frame i 210 is transmitted , so as to perform 
from the transmitter is to be received , the receiver may fail communication between an eNB and a UE . However , a time 
to receive the signal , or may receive a signal distorted due difference may exist between the UE and the eNB due to 
to the propagation delay and may fail to perform commu propagation delay and the like . 
nication . Accordingly , a TA may be applied to enable the UE to 

Accordingly , in the wireless communication system , syn - 30 transmit the UL radio frame i 220 a little earlier than the DL 
chronization between the eNB and the UE may be estab - frame i 210 by taking the propagation delay into consider 
lished first to receive a signal , irrespective of a UL and a DL . ation , so that synchronization between the eNB and the UE 
That is , a synchronization process is an essentially important may be obtained . An equation to calculate the TA may be 
process in a communication system , and maintaining the expressed by Equation 1 . 
synchronization process may also significantly affect a sta - 35 
bility of the system and a quality of communication . TA = ( NTA + NTA offset ) - T , seconds [ Equation 1 ] 

There may be various types of synchronization , such as a Here , Nta denotes a value to be variable based on TA 
frame synchronization , an information symbol synchroniza command information transmitted from the NB , and 
tion , a sampling period synchronization , and the like . The N Taoffset denotes a value set based on a frame structure . T . 
sampling period synchronization may need to be obtained 40 denotes a sampling period . As shown in FIG . 2 , to obtain a 
basically , so as to distinguish a physical signal . UL synchronization , the UE may receive the TA command 

In DL transmission corresponding to a communication information provided by the eNB , and may proceed with a 
link of transmission in a direction from the eNB to the UE , TA based on the received TA command information so that 
synchronization may be obtained in the UE based on a signal UE may obtain synchronization with the eNB for wireless 
of the eNB . The eNB may transmit a predetermined signal 45 communication . 
that is mutually prearranged , so that the UE may readily FIG . 3 illustrates a random access process performed 
obtain a DL synchronization , and the UE may need to between a UE and an eNB according to an embodiment of 
accurately distinguish a time when the predetermined signal the present invention . 
is transmitted from the eNB . In a case of a DL , a single eNB To perform transmission and reception of data with an 
may simultaneously transmit the same synchronization sig - 50 eNB 390 , a UE 380 may need to obtain a UL synchroniza 
nal to a plurality of UEs and thus , each UE may indepen - tion . To obtain the UL synchronization , the UE 380 may 
dently obtain synchronization based on the synchronization proceed with a process of receiving information required for 
signal . synchronization , from the eNB 390 . FIG . 3 shows a random 

Conversely , in a case of a UL , the eNB may receive access procedure for receiving information required for 
signals transmitted from the plurality of UEs and thus , the 55 synchronization . The random access procedure may be 
eNB may have difficulty in obtaining synchronization based applicable when a UE is newly coupled to a network through 
on one of the UEs . Accordingly , a synchronization process a handover and the like . Also , upon completing the coupling , 
that is different from the DL may be required . the UE may proceed with the random access procedure even 

When distances between the UEs and the eNB are dif - under a circumstance such as synchronization , a state 
ferent from each other , the UEs may have different trans - 60 change , for example , from an RRC _ IDLE to an RRC _ CO 
mission delay times . When each UE transmits UL informa - NNECTED , and the like . 
tion based on a corresponding DL synchronization , The UE 380 may randomly select a preamble signature so 
information transmitted from each UE may be received by as to generate a random access preamble ( RAP ) . Subse 
the eNB at different times . quently , the UE 380 may transmit the selected preamble to 

Although the uplink information transmitted from each 65 the eNB 390 ( step S310 ) . The process of selecting the 
UE is received at different times , the information may be preamble signature may be contention - based selection or 
received with a complexity being increased when a trans contention - free selection . In this example , the eNB may 
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inform the UE of a previously reserved RAP , and the UE wasted . In this example , it is difficult to satisfy a UL quality 
may transmit , to the eNB 390 , a preamble selected based on of service ( QoS ) for an application program required by a 
received information ( step S310 ) . Also , according to the system . 
contention - free selection , a procedure associated with a When the wireless communication uses a plurality of 
contention resolution ( CR ) message , which is required in the 5 CCs , a transmission delay time may be different in a DL 
contention - based selection , may not need to be performed . based on a supporting scheme in a radio network and a 

Here , the UE 380 may recognize random access - radio characteristic of each CC with respect to a single UE . 
network temporary identifier ( RA - RNTI ) based on a trans Accordingly , when CCs or CCs having the same TA value 
mission time and a frequency resource temporarily selected are configured as a set , a UL synchronization standard may 
for selecting a preamble or for random access channel ? 10 be different for each CC set and thus , UL performance may 

be deteriorated . ( RACH ) transmission . Therefore , embodiments of the present invention for a The eNB 390 may perform random access response wireless communication system supporting a plurality of ( RAR ) with respect to the preamble received from the UE CCs , are provided so that the UE obtains a UL synchroni 
380 . In this example , the eNB 390 may transmit an RAR · 15 zation of a corresponding CC or a group of CCs based on a message through a physical downlink shared channel type of each CC , a location of a center frequency , a network 
( PDSCH ) . service type , and the like when CCs or groups including at 

Information transmitted through the RAR message may least one CC have different UL synchronization standards . 
include , for example , identification information of the UE Hereinafter , a user terminal may be referred to as a UE 
preamble received by the eNB , an identifier ( ID ) of the eNB , 20 and a base station may be referred to as an eNB . 
a temporary cell radio network temporary identifier FIG . 4 illustrates a process that obtains a UL synchroni 
( C - RNTI ) , information associated with a time slot where the zation according to an embodiment of the present invention . 
preamble is received , TA information , and the like . Timing FIG . 4 shows a process in which a UE configures a group 
information for a UL synchronization may be received associated with a timing from among a plurality of CCs and 
through the RAR message and thus , the UE 380 may 25 performs RAP through a delegate CC when an eNB trans 
perform the UL synchronization with the eNB 390 . The UE mits information associated with the CCs to the UE . 
380 may perform a scheduled transmission that transmits Referring to FIG . 4 , when an RRC connection mode is an 
data at a scheduled time determined based on the TA RRC _ CONNECTED mode indicating that a UE 480 and an 
information received in step S320 ( step S330 ) . In this eNB 490 are connected , step S410 may be performed . When 
example , the UE 380 may transmit synchronized data 30 the RRC connection mode is an IDLE mode or requires 
through a physical uplink shared channel ( PUSCH ) , and resetting , step S405 may be performed first , and then step 
may perform hybrid automatic repeat request ( HARD ) . S410 may be performed . 

Examples of a message transmitted in step S330 may In step S405 , RRC connection may be performed . When 
include a radio resource control ( RRC ) connection request , the RRC connection mode between the eNB 490 and the UE 
a tracking area update , a scheduling request , and the like . 35 480 is the IDLE mode or requires resetting , the eNB 490 
Also , one of the messages may include a temporary may have difficulty in defining a CC set of the corresponding 
C - RNTI , a C - RNTI ( if the UE already has one ) , UE iden UE and transmitting CC set information in the IDLE mode 
tification information , and the like . UE . Therefore , the CC set information may be formed by 

In steps S310 through 330 , collision may occur and thus , selecting at least one CC to perform RRC connection so that 
when the eNB 390 transmits a CR message ( step S340 ) , the 40 the RRC connection is performed ( step S405 ) . At least one 
UE 380 may i ) determine whether a received message CC to perform the RRC connection may be selected based 
corresponds to the UE 380 , and may transmit an acknowl - on one of the following methods . 
edgement ( ACK ) when the received message corresponds to i ) select a CC that is most appropriate for attempting RRC 
the UE 380 or ii ) may not transmit response data when the connection based on information measured by the UE 480 
received message corresponds to another UE . Also , the UE 45 ii ) attempt RRC connection based on information fixedly 
380 may not transmit the response data when the UE 380 set in a system and stored in an internal memory of the UE 
misses DL allocation or fails to decode the message . Also , 480 
the CR message may include a C - RNTI , UE identification iii ) attempt RRC connection based on information trans 
information , and the like . mitted to the UE 480 from the eNB 490 through system 
Unlike a process of obtaining a TA when a single carrier 50 information 

is utilized , in a wireless system that uses a plurality of CCs , iv ) attempt RRC connection through CCs corresponding 
TA values of the CCs may have a high probability of being to system information of the available CCs stored in an 
different from each other when locations of center frequen - internal memory of the UE 480 
cies of the CCs are significantly distant from each other as For example , a UE in an IDLE mode may select a single 
shown in FIG . 1 , when the CCs are supported by different 55 DL CC for the RRC connection based on the conditions , and 
devices in a network , or the like . may receive system information via a broadcasting channel 

Accordingly , when a synchronization obtaining scheme that is transmitted through the selected CC . Based on the 
used for a single carrier is applied as is , the CCs may have received system information , the selected DL CC and a UL 
difficulty in obtaining the UL synchronization for the CCs . CC having a linkage with the DL CC may be configured as 
Accordingly , the UE may perform stable UL communication 60 a primary serving cell ( PCell ) . The UE may transmit , to an 
for a few CCs that obtain UL synchronization from among eNB , an RRC connection request message through the 
available CCs . PCell . In this example , the UE may transfer the RRC 
When the UE transmits , based on the same UL synchro - connection request message to the eNB through an RACH 

nization standard , information through CCs of which UL procedure . 
synchronization standards are different from each other , a 65 Here , the DL CC corresponding to the PCell may be 
probability of transmission error may be significantly high , referred to as a DL primary CC ( DL PCC ) , and the UL CC 
and a time and resources for restoring the error may be corresponding to the PCell may be referred to as a UL 
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primary CC ( UL PCC ) . Also , a CC corresponding to a be transmitted by configuring CC2 as a removed DL CC list 
secondary serving cell ( SCell ) 920 in a DL may be referred and CC3 as an added DL CC list . 
to as a DL secondary CC ( DL SCC ) , and a CC corresponding The UE 480 may receive system information ( SI ) asso 
to the SCell in a UL may be referred to as a UL secondary ciated with CCs in the CC set , based on the received CC set 
CC ( UL SCC ) . 5 information ( step S420 ) . 

The PCell and the SCell have characteristics as follows . When a CC that is incapable of transmitting SI to a 
First , the PCell may be used for PUCCH transmission . corresponding CC exists from among the CCs in the CC set , 
Second , the PCell is always activated , whereas the SCell for example , an extension CC ( ECC ) , or a CC that is 

920 is activated or deactivated based on a predetermined incapable of receiving SI transmitted via a broadcasting 
condition . channel ( for example , a DL CC that belongs to an SCell ) 

Third , when the radio link failure ( RLF ) is detected via exists , the SI may be received by a CC that is capable of 
PCell , RRC reconnection PCell may be triggered . When the receiving the SI or may be received by a CC that is capable 
RLF is detected via SCell 920 , RRC reconnection on SCell of receiving SI that is transformed in a form of control 
may not be triggered . 15 information . 

Fourth , the PCell may be changed by a change of a The transformed SI may be transmitted to the UE together 
security key or by a handover procedure accompanying the with the CC set information included in the RRC reconfigu 
RACH procedure . In a case of an MSG4 ( contention reso ration message transmitted by the eNB , or may be transmit 
lution ) , only a PDCCH that indicates the MSG4 may be ted to the UE through the RRC reconfiguration message 
transmitted through the PCell , and MSG4 information may 20 after the CC set information is received . Also , the current 
be transmitted through the PCell or the SCell . stage may be performed without receiving the SI associated 

Fifth , non - access stratum ( NAS ) information may be with the corresponding CC . 
received through the PCell . The UE 480 may configure a UL timing group including 

Sixth , the PCell may be configured as a pair of a DL PCC CCs in the CC set as elements of the UL timing group , based 
and a UL PCC . 25 on the received SI ( step S432 ) . When the UL timing group 

Seventh , each UE sets a different CC as the PCell . is configured , considerations may be as follows . 
Eighth , a procedure such as , reconfiguration , adding , and First , whether a plurality of CCs is assigned to different 

removal of the SCell may be performed by an RRC layer . To groups may be determined based on the following condi 
add a new SCell , RRC signaling may be used to transmit tions . That is , a CC that satisfies at least one of the conditions 
system information associated with a dedicated SCell . 30 may be configured to be a different group . 

Technical concept of the PCell and the SCell in embodi a - i ) CCs of which a difference in center frequency values 
ments of the present invention may not be limited to the is greater than or equal to a threshold , are assigned to 
descriptions provided in the foregoing , and may include different groups . When a difference in the center frequency 
further examples . values is high , delay occurring in a wireless signal propa 
When RRC connection setup is completed through one of 35 gation process may be changed and thus , a difference in TA 

the methods , and the RRC connection mode between the values may also increase . 
eNB 490 and the UE is the RRC _ CONNECTED mode , step a - ii ) CCs to which different beamforming schemes are 
S410 may be performed . applied are assigned to different groups . TA values are 

The eNB 490 may allow the UE 480 to use a plurality of highly likely to be different from each other when the 
CCs based on a performance of hardware of the UE 480 , 40 beamforming schemes are different from each other . 
available frequency resources of the eNB 490 , and the like , a - iii ) CCs that are set to be updated every time a UL 
and may define the plurality of CCs to be a CC set . The eNB synchronization update request exists are assigned to differ 
490 may transmit , to the UE 480 , CC set information ent groups . The setting may be included in SI set by the eNB 
associated with the CC set that is allowed to the UE 480 490 for transmission , or may be included in other messages 
( step S410 ) . 45 for transmission . 

As described in the foregoing , the UE 480 and the eNB a - iv ) CCs that do not provide services in a macrocell or 
490 maintain the RRC CONNECTED mode from step CCs that provide services in a space superposed on the 
S405 or before . That is , a UL synchronization of a UL CC macrocell by a femtocell , a picocell , a microcell , a relay , a 
through which the RRC connection of the UE 480 is set up repeater , and the like may have different characteristics from 
is maintained . The UE 480 may receive the CC set infor - 50 CCs that provide services by the macrocell and thus , the CCs 
mation determined based on the above condition , from the are configured to be different groups . 
eNB 490 . a - v ) a CC that has a UL synchronization update request 

According to a scheme of transmitting and receiving the from the eNB 490 may be a CC that has a changed 
CC set information , the eNB 490 may include the CC set synchronization and thus , the CC may be assigned to a 
information in an RRC reconfiguration message for trans - 55 different group . 
mission to the UE 480 , or may use another message for As described in the foregoing , examples of a condition for 
transmission . setting CCs to be a UL timing group may be a - i ) through 

Also , the CC set information may be configured by a - V ) . In addition , CCs are configured to be a single group or 
adding / removing each CC . For example , when initial CC set to be different groups based on a wireless propagation 
information is transmitted , the CC set information config - 60 characteristic , a predetermined measurement value , and the 
ured of DL CC1 , DL CC2 , and DL CCN may be configured like . 
as an added DL CC list and the list may include CC1 , CC2 , When one of the following conditions are satisfied , CCs 
and CCN . In the same manner , UL CC set information may may be configured to be a single group . 
be configured as an added UL CC list . b - i ) CCs of which a difference in center frequency values 

As another example , when the CC set information is 65 is within a threshold range may have similar propagation 
changed , that is , when the configured DL CC set is changed characteristic and thus , the CC may be configured to be a 
into CC1 , CC3 , and CCN , the DL CC set information may single group . 

up 
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TOUT 

Kout 

b - ii ) CCs to which the same beamforming scheme is sub - carrier in a single OFDM symbol ) through which a 
applied may be configured to be a single group PDCCH / physical control format indicator channel ( PC 

b - iii ) CCs used in devices in the same radio network may FICH ) is transmitted , to an average RE energy of the CRS 
be configured to be a single group based on a dB unit may be used as a criterion . 

b - iv ) CCs that do not satisfy conditions a - I through a - v for 5 From among the parameters , a parameter Qout that is a 
assigning CCs to different groups may be configured to be criterion to determine an out - of - sync state may be config 
a single group ured based on a parameter set for transmitting a PDCCH / 

A method for the UE 480 to generate a group may include PCFICH and a value of which a block error rate ( BER ) of 
two schemes , that is , a scheme of generating groups by hypothetical PDCCH ( based on a DCI format 1A ) transmis 
distinguishing CCs that belong to different groups and a 10 sion based on an error of the PCFICH is greater than or equal 
scheme of generating a group by distinguishing CCs to be to 10 % . The value may be changed based on a number of 
included in the same group . The two schemes may be used antenna ports through which the CRS is transmitted . 
together or one of the two schemes may be used . Conditions For example , when the CRS is transmitted through a 
to be used in a process of applying each scheme have been single antenna port , a ratio of energy between the PDCCH 
described in the foregoing . 15 and the CRS to be determined as may be based on 4 dB , 

When the UL timing group is generated , the UE 480 may and when the CRS is transmitted through two or more 
select a delegate CC for each group ( step S434 ) . In this antenna ports , Qout may be based on 1 dB . From among the 
example , the delegate CC may be selected based on follow - parameters , a parameter Qin that is a criterion to determine 
ing conditions , from among CCs that are capable of obtain synchronization restoration or in - sync state may be deter 
ing a TA value to be used for obtaining a UL synchroniza - 20 mined based on a value having a sufficiently large reliability 
tion . when compared to Qout . 

c - i ) a CC having a lowest center frequency value That is , a parameter set for transmitting the PDCCH / 
c - ii ) a CC having a center frequency value that is closest PCFICH and a value of which a BER of hypothetical 

to a mean value PDCCH ( based on a DCI format 1C ) transmission based on 
c - iii ) a CC having a highest center frequency value 25 an error of the PCFICH is greater than or equal to 2 % may 
C - iv ) a CC having a broadest frequency band be used . The value may be changed based on a number of 
C - V ) a CC that is set to be used for monitoring DL quality antenna ports through which the CRS is transmitted . 
ACC satisfying one of the conditions may be selected as For example , when the CRS is transmitted through a 

a delegate CC . single antenna port , a ratio of energy between the PDCCH 
Here , a CC may be defined to include a DL CC or both the 30 and the CRS to be determined as Qiy , may be based on 0 dB , 

DL CC and a UL CC , and may be defined to be a cell or a and when the CRS is transmitted through two or more 
serving cell . In other words , the cell may be defined by only antenna ports , Qin may be based on - 3 dB . 
DL frequency resources ( for example , a CC ) through which A reason that an energy ratio used for determining Qin is 
a wireless signal recognized by a UE reaches a predeter - lower than lout , is that the energy ratio is based on the 
mined area , and may be defined to be a pair of the DL 35 parameter set for transmitting the PDCCH / PCFICH and the 
frequency resources that is used by the UE to receive a BER of the hypothetical PDCCH transmission . The param 
signal from the eNB and UL frequency resources that is used eters set for transmitting the PDCCH / PCFICH may include 
by the UE to transmit a signal to the eNB . a DCI format of a PDCCH , a number of OFDM symbols 

Therefore , with respect to only a UE that is able to form through which control information of a subframe is trans 
a plurality of CCs , the eNB may be able to form a plurality 40 mitted , an aggregation level indicating a self - duplication 
of serving cells to perform transmission and reception of rate of the PDCCH , and the like . The parameters may be 
data with the UE affected by a bandwidth of a DL . Qow and Qin may be 

In this example , a PCell may indicate a single serving cell affected based on whether a UE performs discontinuous 
that provides a security input and NAS mobility information reception ( DRX ) with respect to a corresponding cell . 
in an RRC establishment state or re - establishment state . 45 Therefore , the UE or the eNB may select a delegate CC 
Also , based on the capabilities of the UE , at least one cell in each group . In this example , the UE or the eNB may select 
may be configured to form a serving cell set with the PCell , the delegate CC by selecting an SCell including the delegate 
and the at least one cell may be referred to as an SCell . CC . In this example , the delegate CC or the SCell may be 

Accordingly , a serving cell set configured for a single UE selected based on the conditions c - i ) through C - v ) , from 
may be configured of a single PCell or of a single PCell and 50 among CCs that are capable of obtaining a TA value to be 
at least one SCell . An adjacent cell in a frequency of the used for obtaining a UL synchronization . That is , one of the 
PCell and / or an adjacent cell in a frequency of the SCell may c - i ) through c - v ) may be selected as a delegate CC . 
be in the same carrier frequency , and adjacent cells in In this example , according to a method of selecting a 
frequencies of the PCell and the SCell may be in different delegate CC for each UL timing group , the same criterion 
carrier frequencies . 55 may be used for all groups or a different criterion may be 
Here , a CC set for monitoring the DL quality may include used for each timing group . That is , the delegate CC may be 

an SCell to which a radio link monitoring ( RLM ) is defined . selected based on a network state of each group , character 
In particular , the RLM may include a process in which a UE istics of CCs forming each group , and the like . 
monitors DL quality based on a cell - specific reference After completing steps S432 and S434 for setting a UL 
( CRS ) signal so as to detect DL quality of a serving cell set 60 timing group and a corresponding delegate CC , to obtain a 
between the UE and an eNB . UL synchronization , the UE 480 may set an RAP through a 

In this example , the UE may predict the DL quality based delegate CC of each group , and may transmit the set 
on predetermined parameters which are defined by a ratio of preamble by selecting one of the resources defined in SI of 
the measured CRS to energy of control channels . each CC ( step S440 ) . The preamble may be included in a 

The RLM may be set based on following conditions . To 65 synchronization request message through which the UE 
predict the DL quality through the RLM , a value that requests synchronization . Transmission of the correspond 
expresses a ratio of reception energy of an RE ( single ing preamble may include a case in which the UE 480 
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sequentially , simultaneously , or randomly transmits a pre Subsequently , when the UE 480 determines that the TA 
amble through a selected CC in time / frequency resources set value received in a CR procedure ( step S460 ) is valid , the 
by the eNB 490 . UE 480 may apply the TA value to another CC in the group 

Cases that require obtaining a UL synchronization may be for updating ( step S470 ) . 
as follows . Although a condition does not satisfy one of the 5 As described in the foregoing , when a procedure of 
cases described below , when the UE 480 determines that it obtaining a UL synchronization is performed with respect to 
is required , the UE 480 may generate an RAP and may all the groups , TA values associated with CC1 and CC3 may 
transmit the RAP to the eNB 490 . be applied to CCs each included in group 1 and group 2 . 

d - i ) a case in which the eNB 490 requires re - establish When a TA value of CC3 is received for group 2 , the TA 
10 value may be applied to CCs included in group 2 . ment of the entire DL synchronization FIG . 5 illustrates a process that obtains a UL synchroni d - ii ) a case that initializes and retries all UL data trans zation according to another embodiment of the present mission invention . Here , FIG . 5 shows that an eNB 590 configures d - iii ) a case in which a time alignment timer of the UE 480 a UL timing group . expires 15 Referring to FIG . 5 , the eNB 590 determines a mode 

The UE 480 may transmit a preamble to be used for ( RRC CONNECTED / RRC IDLE ) of a UE before trans 
obtaining a UL synchronization with respect to total avail - mitting UL timing information . When the eNB 590 is not 
able CC groups . connected to the UE , the eNB 590 may proceed with RRC 

Also , the UE 480 may need to obtain a UL synchroniza - connection ( step S505 ) , and may use a PCell for RRC 
tion with respect to a few available CC groups . Relevant 20 connection , which will be performed in the same manner as 
cases will be described as follows . step S405 of FIG . 4 . 

e - i ) a case in which a CC set is initially set and a TA value A scheme of generating a group in the eNB 590 may be 
does not exist in a corresponding group performed based the conditions a - i ) through a - v ) or b - i ) 

e - ii ) a case in which a response is not obtained in response through b - iv ) of FIG . 4 . 
to UL transmission data transmitted through CCs in a group 25 Accordingly , the eNB 590 may transmit CC set informa 
of the UE 480 tion of the UE 580 and UL timing group information of the 

e - iii ) a case in which an RRC connection between the set UL timing group to the UE 580 ( step S510 ) . Here , the UL 
eNB 490 and the UE 480 is reconfigured timing group information may be included in a CC set 

e - iv ) a case in which the UE 480 performs handover of a information message for transmission to the UE 580 , or a 
predetermined CC group to an eNB 490 that is physically 30 separate other message may be used for transmission . A case 

that uses a separate message will be described with reference different from the UE 480 to FIG . 6 . The CC set information message provided for e - v ) a case in which the eNB 490 requests reconfiguration each UE may be an RRC ( L3 ) message , an L1 signaling , or with respect to a predetermined CC group associated with a an L2 signaling . DL synchronization . 35 The UE 580 may receive SI of CCs in a set , based on the e - vi ) a case in which a CC time alignment timer expires received CC set information ( step S520 ) . In this example , 
( the timer is set for each CC or for each group ) . When a the UE 580 may use the UL timing group generated by the 
condition satisfies one of the cases , a process for obtaining NB 590 in step S508 as it is , or may slightly change the UL 
a UL synchronization with respect to a CC group including timing group based on a current network state as shown in 
a corresponding CC may be performed . 40 step S432 of FIG . 4 . This may indicate that the UE 580 may 

For example , in steps S432 and S434 , CC1 , CC2 , CC3 , change the UL timing group when the UL timing group 
CC4 , and CC5 exist , and CC1 and CC2 are configured to be generated by the eNB 590 is inappropriate for an environ 
group 1 , and CC3 , CC4 , and CC5 are configured to be groupm ent of the UE 580 . 
2 . A delegate CC of group 1 is CC1 , a delegate CC of group That is , after receiving a UL timing group or after 
2 is CC3 . In this example , when a UL synchronization for 45 changing or newly generating a UL timing group , the UE 
the total available CC groups is required , the UE 480 may 580 may select a delegate CC for each UL timing group ( step 
transmit an RAP through CC1 and CC3 . When synchroni S534 ) . The conditions taken into consideration when a 
zation needs to be obtained for a few CC groups , that is , delegate CC is selected for each UL timing group have been 
when synchronization needs to be obtained for group 2 , the described in step S434 of FIG . 4 . 
UE 480 may transmit an RAP through CC3 . 50 After completing selection of a delegate CC for each UL 

When a UL synchronization needs to be re - established timing group in step S534 , when a UL synchronization 
while data is transmitted through a UL , the UE 480 may needs to be obtained , the delegate CC in each group may set 
perform the following operation first , for example , initial an RAP , and may transmit the selected preamble by selecting 
izing UL data transmission , and then may perform initial - one of the resources defined in SI of each CC ( step S540 ) . 
izing HARQ buffers , releasing a physical uplink control 55 The preamble may be included in a synchronization request 
channel ( PUCCH ) / releasing sounding reference signal message through which the UE requests synchronization . 
( SRS ) , initializing semi - persistent scheduling allocation Here , the UE 580 may transmit an RAP transmit message 
allowance , and the like , as a procedure to obtain a UL and the like for obtaining the UL timing information . Also , 
synchronization . the corresponding preamble may be sequentially , simulta 

The eNB 490 may calculate a TA value for each group 60 neously , or randomly selected and transmitted by the UE 580 
with respect to each CC group ( each delegate CC ) based on in time / frequency resources set by the eNB 590 . 
the received RAP signal . The eNB 490 may transmit , to the A case that requires the UE 580 to obtain a UL synchro 
UE 480 , UL grant information and a TA value of a UL timing nization may be associated with conditions d - i ) through 
group ( a delegate CC ) through an RAR message ( step S450 ) . d - iii ) . Also , the UE 580 may transmit a preamble to obtain 
The TA value may be an example of UL synchronization 65 a UL synchronization with respect to available total CC 
information required when the UE adjusts a UL transmission groups . The UE 580 may need to obtain a UL synchroni 
time . zation with respect to a few available CC groups . 
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The eNB 590 may calculate a TA value for each group message and the like for transmission , and The UL timing 

with respect to each CC group ( each delegate CC ) based on group information may be transmitted independently with 
the received RAP signal , and may include the corresponding the CC set information through use of a separate message . 
TA value together with UL grant information in RAR The UL timing group information may be transmitted 
information for transmission to UE 580 ( step S550 ) . The TA 5 through a channel , such as a PDCCH channel , an RRC 
value may be an example of UL synchronization information signaling , and a broadcasting channel , and may be trans 
required when the UE adjusts a UL transmission time . mitted through an L2 ( MAC element control ) message . 

For example , the eNB 590 may calculate a TA value based The UE 680 that receives the CC set information message 
on the UL timing group set in step S508 , and may transmit may use the received UL timing group as it is , or may 
the calculated TA value . Also , the eNB 590 may transmit the 10 slightly change the UL timing group based on a current 
RAR message through a predetermined CC , and may trans - network state . This may include a case in which the UE 680 
mit the RAR message through all CCs in the corresponding changes the UL timing group when the UL timing group 
UL timing group . generated by the eNB 690 is inappropriate for an environ 

When the UE 580 determines that a TA value received in ment of the UE 680 . After receiving the UL timing group or 
a CR procedure ( step S560 ) is valid , the UE 580 may apply 15 after changing or newly generating the UL timing group , the 
the TA value to remaining CCs in a group so as to update a UE 680 may select a delegate CC for each UL timing group 
TA value for each UL timing group ( step S570 ) . ( step S634 ) . The conditions taken into consideration when a 

FIG . 6 illustrates a process that obtains a UL synchroni - delegate CC is selected for each UL timing group have been 
zation according to still another embodiment of the present described in step S434 of FIG . 4 , and step S534 of FIG . 5 . 
invention . Here , FIG . 6 shows that an eNB 690 configures 20 After completing selection of a delegate CC for each UL 
a UL timing group and transmits group information through timing group in step S634 , when a UL synchronization 
a separate message . needs to be obtained , the delegate CC in each group may set 

Referring to FIG . 6 , the eNB 690 determines a mode an RAP , and may transmit the selected preamble by selecting 
( RRC _ CONNECTED / RRC _ IDLE ) of a UE 680 . When the one of the resources that are allocated for random access and 
eNB 690 is not connected to the UE 680 , the eNB 690 may 25 defined in SI of each CC ( step S640 ) . The preamble may be 
proceed with an RRC connection setup ( step S605 ) , and may sequentially , simultaneously , or randomly selected and 
use a PCell for RRC connection , which will be performed in transmitted by the UE 680 in time / frequency resources set 
the same manner as step S405 of FIG . 4 and step S505 of by the eNB 690 . The preamble may be included in a 
FIG . 5 . synchronization request message through which the UE 

The eNB 690 may allow the UE 680 to use a plurality of 30 requests synchronization . 
CCs based on a performance of hardware of the UE 680 , The eNB 690 may calculate a TA value for each CC group 
available frequency resources of the eNB 690 , and the like , ( each delegate CC ) based on the received RAP signal , and 
and may define the plurality of CCs to be a CC set . The eNB may include the corresponding TA value together with UL 
690 may transmit CC set information of the UE 680 to the grant information in RAR information for transmission to 
UE 680 ( step S610 ) . ACC set information message provided 35 UE 680 ( step S650 ) . For example , the eNB 690 may 
for each UE may be a message used for an RRC ( L3 ) calculate a TA value based on the UL timing group set in step 
message and the like or may be an L1 signaling or an L2 S624 , and may transmit the calculated TA value in advance . 
signaling . Also , the eNB 690 may transmit the RAR message through 
As described in the foregoing , the UE 680 and the eNB a predetermined CC , and may transmit the RAR message 

690 maintain the RRC _ CONNECTED mode from step 40 through all CCs in the corresponding UL timing group . The 
S605 or before . That is , a UL synchronization of a UL CC T A value may be an example of UL synchronization infor 
through which the RRC connection of the UE 680 is set up mation required when the UE adjusts a UL transmission 
is maintained . The UE 680 may receive the CC set infor - time . 
mation determined based on the above condition , from the When the UE 680 determines that a TA value received in 
eNB 690 . As one of the schemes of receiving the CC set 45 a CR procedure ( step S660 ) is valid , the UE 680 may apply 
information , the eNB 690 may include the CC set informa - the TA value to remaining CCs in a group so as to update a 
tion in an RRC reconfiguration message for transmission , TA value for each UL timing group ( step S670 ) . 
and other messages may be used for transmission . As described in FIG . 6 , the UE 680 may receive a set UL 

The UE 680 may receive SI of CCs in a set based on the timing group from the eNB 690 , and may perform a random 
received CC set information ( step S620 ) . 50 access procedure based on a representative value of a 

The eNB 690 may set a UL timing group with respect to corresponding group . Subsequently , the UE 680 may receive 
CCs assigned to the UE 580 ( step S624 ) . In the process of a TA value of the timing group based on a preamble 
configuring the UL timing group in the eNB 690 , CCs may associated with the random access procedure , and may 
be configured to be different groups of at least two or to be adjust a UL timing for obtaining synchronization . 
the same group . The conditions a - i ) through a - v ) or b - i ) 55 FIG . 7 illustrates a process in which an eNB supports the 
through b - iv ) may use to set a UL timing group . UE to obtain a UL synchronization in response to a request 

A method for the eNB 690 to generate a group may from the UE according to an embodiment of the present 
include two schemes , that is , a scheme of generating groups invention . 
by distinguishing CCs that belong to different groups and a Referring to FIG . 7 , the eNB determines an RRC mode of 
scheme of generating a group by distinguishing CCs to be 60 the UE ( step S702 ) . When the RRC mode between the eNB 
included in the same group . The two schemes may be used and the UE is an RRC _ CONNECTED mode ( step S704 ) , the 
together or one of the two schemes may be used . Conditions eNB may proceed with step S710 . 
to be used in a process of applying each scheme have been When the RRC mode is different from the RRC _ CON 
described in the foregoing . NECTED mode , the eNB may proceed with step S705 . The 

The eNB 690 may transmit the UL timing group infor - 65 eNB may determine whether an RRC connection request 
mation to the UE 680 ( step S626 ) . The UL timing group from the UE exists in step S705 . The eNB may receive the 
information may not be included in the CC set information RRC connection request from the UE ( step S705 ) , and may 
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complete RRC connection ( step S706 ) . In this example , the FIG . 8 illustrates a process in which a UE obtains a UL 
eNB may receive an RRC connection request message from synchronization through use of a UL timing group according 
the UE , may transmit an RRC connection setup message , to an embodiment of the present invention . 
and may receive an RRC connection setup complete mes Referring to FIG . 8 , the UE may determine an RRC mode 
sage from the UE so as to complete RRC connection . As 5 ( step S802 ) . When the RRC mode is different from an 
described in steps $ 405 . S505 and 5605 . a PCell may be RRC _ CONNECTED mode , that is , when the RRC mode is 
used for RRC connection . an IDLE mode , the UE may perform RRC connection setup . 

The eNB may set a CC set including at least one available Accordingly , the UE may select a predetermined CC 
CC with respect to an RRC _ CONNECTED UE , and may through which RRC connection is performed ( step S806 ) , 
transmit CC set information associated with the CC set to the 10 may transmit an RRC connection request message to the 
UE ( step S710 ) . selected predetermined CC , may receive an RRC connection 

setup message from the eNB through the selected predeter The eNB may transmit SI associated with at least one mined CC , and may transmit an RRC connection setup predetermined CC in the CC set , based on the CC set complete message to the eNB so as to complete RRC 
information of the UE ( step S720 ) . Here , the CC set infor 15 connection setup ( step S808 ) . mation may be transmitted through an RRC message . Also , When the UE corresponds to the RRC _ CONNECTED 
the SI of the CC set may be transmitted through a broad - mode ( step S804 ) , whether a UL is continuously maintained 
casting channel . may be determined ( step S810 ) . 

The eNB may determine whether a subject of generating When the UL is not maintained , step S812 may be 
a UL timing group is the eNB ( step S722 ) . When the UL 20 performed . In step S812 , the UE may determine whether an 
timing group is generated by the eNB , the eNB may generate RRC connection setup reconfiguration message is received 
a UL timing group based on the CC set information of the from the eNB ( step S812 ) . 
UE , and may transmit information associated with the Here , when the RRC mode of the UE is the IDLE mode , 
generated UL timing group to the UE ( step S726 ) . Here , the or when the RRC connection setup reconfiguration is per 
UL timing group information may be generated at the same 25 formed , the eNB may have difficulty in defining a CC set and 
point in time when the CC set information is generated and transmitting CC set information . Accordingly , the UE may 
transmitted in step S710 , or may be transmitted together f - i ) select a CC that is most appropriate for attempting RRC 
with the CC set information . connection based on information measured by the UE , or 

The eNB may receive an RAP from the UE ( step S740 ) . may select at least one CC to perform RRC connection 
The preamble may be included in a synchronization request 30 through use of one of f - ii ) information fixedly set in a system 
message through which the UE requests synchronization . and stored in an internal memory of the UE , f - iii ) informa 
Step S740 may include a case in which the subject of tion transmitted to the UE from the eNB through SI , or f - iv ) 
generating the UL timing group is the UE . That is , the UE SI of available CCs stored in an internal memory of the UE 
may generate a UL timing group based on available CC set and thus , may form the CC set information . When the mode 
information of step S710 and SI of a corresponding CC of 35 of the UE is changed to the RRC _ CONNECTED mode after 
step S720 , may set a delegate CC for each timing group , and completing RRC connection setup , step S830 may be per 
may transmit an RAP through a corresponding delegate CC . formed . 
Therefore , the eNB may receive the preamble transmitted When the UE performs handover , the UE may determine 
from the UE . Here , the eNB may receive a synchronization the received RRC connection setup reconfiguration message 
request message , for example , the preamble , simultaneously 40 ( step S814 ) , and determine mobility control information 
through a plurality of delegate CCs , or at separated time , that ( MCI ) ( step S816 ) . The UE may determine information to be 
is , sequentially through a delegate CC for each UL timing used for obtaining synchronization of a corresponding CC 
group . from a target eNB ( T - eNB ) , based on the MCI information . 

Subsequently , the eNB may transmit an RAR message That is , the UE may obtain a UL synchronization from the 
with respect to the received preamble . In this example , the 45 T - eNB . When the UE does not perform handover , the UE 
eNB may transmit UL grant information for the UE and TA may merely determine the received RRC connection setup 
information for each UL timing group along with the RAR reconfiguration message ( step S814 ) , and may not proceed 
message ( step S750 ) . with steps S816 and S818 . 

The TA value may be an example of UL synchronization In other words , when the UE does not perform handover 
information required when the UE adjusts a UL transmission 50 in the process of obtaining a UL synchronization , the UE 
time . Also , the TA information for each UL timing group may proceed with a procedure for obtaining a UL synchro 
may be transmitted through a plurality of delegate CCs , nization between a source eNB ( S - eNB ) and a correspond 
simultaneously or at separated time . Here , the TA informa - ing CC so as to obtain the UL synchronization . As another 
tion for each UL timing group may be transmitted in a form example , when the UE performs handover , the UE may 
of a table including a TA value corresponding to a group 55 proceed with a procedure for obtaining a UL synchroniza 
index . Also , the TA information for each UL timing group tion of a corresponding CC based on SI of a CC of a T - eNB 
may be transmitted in a form including a unit error for each received from an S - eNB , so as to obtain the UL synchroni 
timing group based on a reference TA value . In this example , zation . Desirably , a random access procedure may be used , 
the error for each group may be expressed by an integer - and other procedures may also be applicable . 
multiple of a predetermined unit value , or may be specified 60 Subsequently , to obtain synchronization with the S - eNB 
in detail . The TA information for each UL timing group may or the T - eNB , the UE may select a preamble and may 
be transmitted in a form of an indicator indicating a TA transmit the preamble to the S - eNB or the T - eNB ( step 
based on a predetermined rule . S820 ) . The preamble may be included in a synchronization 

The eNB may transmit a CR message to the UE ( step request message through which the UE requests synchroni 
S760 ) . This may include an operation that enables the UE to 65 zation . The UE may receive an RAR message from the 
determine the validity of the received TA value and to update S - eNB or the T - NB in response to transmission of the 
a TA value of a corresponding group . preamble . In the RAR message , UL grant information for the 
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UE and TA information for each group including at least one the operations of the UE when setting of an initial UL timing 
CC to be used for obtaining a UL synchronization may be group is performed in an eNB . 
included ( step S822 ) . Referring to FIG . 9 , the UE may receive CC set infor 

The UE may verify whether the TA received through a CR mation from the eNB ( step S972 ) . The CC set information 
procedure in step 8822 is valid ( step S824 ) , and the UE may 5 may be received via a PCC or a Pcell . The PCC may 
update a UL timing group including at least one CC based correspond to the PCell as described in the foregoing . A UE 
on the received TA value ( step S826 ) when the UE deter in an IDLE mode may select a single DL CC based on the mines that the TA is valid . condition described in the foregoing , for RRC connection , When the RRC connection setup reconfiguration message and may receive SI through a broadcasting channel trans is not received , step S820 may be performed . mitted through the selected CC . The CC set information may When a UL is maintained or when the UE obtains a UL be transmitted through an RRC message . synchronization , the UE may receive CC set information 
from the eNB ( step S830 ) . Also , the UE may receive SI of The UE may receive SI associated with CCs in the CC set , 
the received CC set ( step S832 ) . based on the received CC set information ( step S974 ) . The 

Subsequently , the UE may determine whether UL timing 15 SI may be transmitted to a plurality of UEs in common 
group information is received ( step S840 ) . In this example , through a broadcasting channel or may be transmitted 
when the UL timing group information is generated by the through an RRC message in a form of a dedicated channel . 
eNB , the UE may receive the UL timing group through the The SI may be transmitted through the PCC . Accordingly , 
CC set information receiving process or through a separate the UE may configure UL CCs in the CC set based on the 
message . The UL timing group information may include 20 SI . 
delegate CC information for each group . When the delegate In step S974 , the UE may receive an RAP of each CC or 
CC information for each group is included in the UL timing information associated with time / frequency resources to be 
group , step S852 may not be performed . When the delegate used by the UE , from the eNB . The UE may configure an 
CC information for each group is not included in the UL initial UL timing group based on the received RAP of each 
timing group , the UE may determine the received UL timing 25 CC or the information associated with the time / frequency 
group , and may set a delegate CC for the corresponding UL resources . The RAP or the information associated with the 
timing group ( step S852 ) . The delegate CC may be set based time / frequency resources may be included in the SI for 
on the conditions c - i ) through c - V ) of FIG . 4 . Also , the transmission through the PCC , or may be transmitted in a 
delegate CC used for adjusting a TA value of each UL timing form of an RRC message . 
group may be set by applying the same criterion to all 30 The UE may determine whether simultaneous transmis 
groups , or by applying a different criterion based on a sion of the RAP through all UL CCs configured for obtaining 
characteristic of each UL timing group . a UL synchronization is possible , based on CC parameters 
When the UL timing group information is not received or and RACH information included in the received SI ( step 

when the received timing group is inappropriate for a radio S976 ) . 
network state where the UE is located or inappropriate for 35 Here , the UE may determine a UE - specific RACH param 
the UE , the UE may set UL timing group information based eter from among RACH parameters of the UL CCs config 
on the received CC set information ( step S850 ) . Also , the UE ured by the eNB . 
may set a predetermined CC in the set UL timing group , as In this example , when RAP information is set in the 
a delegate CC for the timing group ( step S852 ) . UE - specific RACH parameter , the UE may determine the 

The UE may select a preamble and may transmit the 40 RAP information of the UE and may set an RAP to be 
preamble through the delegate CC ( step S854 ) . This may transmitted through each of the configured UL CCs . Here , 
also be applicable when a TA needs to be updated after the the RAP information may be preamble information set to be 
delegate CC is set . different for each UE for distinguishing the UEs . 

The UE may receive an RAR message from the eNB . In When time / frequency resource information is set in the 
this example , the UE may receive UL grant information for 45 UE - specific RACH parameter , the UE may determine the 
the UE and the TA information for each UL group ( step time / frequency resource information of the UE , and may set 
S856 ) . Here , the UE may determine a TA value in a form of an RAP to be transmitted to the configured UL CCs . Here , 
a table corresponding to a group index of each UL timing the time / frequency resource information may be set by the 
group . Also , the UE may determine a TA difference value in eNB to be different for each UE . 
a form including a unit error for each timing group based on 50 When simultaneous transmission of the RAP through all 
a predetermined reference TA value . Also , the UE may the configured UL CCs is possible in step S976 , the UE may 
determine an error for each UL timing group that has a size simultaneously transmit the RAP ( step S978 ) . 
of an integer - multiple of a predetermined unit value , and Conversely , when it is determined that the UE is incapable 
may also determine an error for each UL timing group that of simultaneously transmitting the RAP through all the UL 
is specified in detail . Also , the UE may determine a TA 55 CCs in step S976 , the UE may proceed with step S990 . 
indicator determined to be an indicator based on a prede With respect to the simultaneous transmission of the RAP , 
termined rule . the UE may determine RACH parameters included in SI of 

Subsequently , the UE may verify the validity of a TA each of a plurality of UL CCs , and determine a plurality of 
through a CR procedure ( step S860 ) . time / frequency resources defined in the RACH parameters , 
When the UE determines that the TA is valid , the UE may 60 and may select a RAP transmission time ( rach _ t ) for trans 

update a TA value for each UL timing group ( step 8870 ) . mitting the RACH at the same time . The RAP transmission 
Here , the UE may transmit the updated TA value for each time ( rach _ t ) may correspond to a time when the RAPs are 

UL timing group to the eNB through a delegate CC . That is , simultaneously transmitted by the UE through all the UL 
a procedure of determining the TA value may be additionally CCs . 
performed to obtain accurate synchronization with the eNB . 65 When the UE is incapable of setting the RAP transmission 

FIG . 9 illustrates operations of a UE according to an time ( rach _ t ) , that is , when the UE is incapable of transmit 
embodiment of the present invention . Here , FIG . 9 shows ting the RAP through all the configured UL CC at the same 
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time , the UE may transmit an RAP resource information ACK message received from the eNB is identical to 
request message to the eNB ( step S990 ) . C - RNTI , T _ C - RNTI , or UE identity assigned to the UE , so 

For example , it is assumed that a time for determining the as to simultaneously verify the validity of the TA . Here , the 
RACH parameters of all the UL CCs and transmitting RAP UE may transmit an L2 / L3 message including the C - RNTI , 
is limited to t0 and t1 . When the UE determines that 5 the T C - RNTI . or the UE identity to the NB . and may 
transmitting RAP through CC1 , CC3 , and CCN is allowed receive an L1 / L2 message from the eNB since the ACK 
at to , and is not allowed at t1 , and the UE determines that message is based on the HARQ operation . 
transmitting RAP through CC2 is allowed at t1 , and is not The UE may recognize that the eNB sets UL CCs having allowed at to , the UE may transmit an RAP resource linkages with the received DL CC through which the RAR information request message to the eNB . is received as delegate CCs in a group , and may set the UL Subsequently , in response to the RAP resource informa CCs as the delegate CCs in the group ( step S986 ) . tion request , the UE may receive an RAP resource informa The UE may apply a TA value of the delegate CC received tion response message from the eNB ( step S992 ) . Here , the 
eNB that receives the RAP resource information request in step S972 to remaining CCs in each group for updating 
message may determine that the UE is incapable of simul - 15 ( step 900 ) . 
taneously transmitting the RAP through all the CCs . There FIG . 10 illustrates a configuration of a transmitting appa 
fore , the eNB may include transmission time / frequency ratus according to an embodiment of the present invention . 
resource to be used for RAP transmission of the UE and a Referring to FIG . 10 , a transmitting apparatus 1000 may 
type of a preamble in the RAP resource information include a connection mode determining unit 1005 to deter 
response message for transmission to the UE . 20 mine an RRC mode of a UE , a CC set determining unit 1020 

Accordingly , the UE may transmit the RAP through all to determine a CC set including at least one CC available to 
UL CCs configured based on information included in the the UE , a UL timing group generating unit 1030 to generate 
RAP resource information response message ( step S994 ) . a UL timing group , a transceiving unit 1050 , and a controller 
When the RAP resource information does not exist in the 1010 to control the above component elements . 
RAP resource information response message received from 25 The controller 1010 may generate UL synchronization 
the eNB , a time that is closest to the time when the RAP information corresponding to the UL timing group , so as to 
needs to be transmitted may be selected so that the RAP may establish a UL synchronization . The transceiving unit 1050 
be simultaneously transmitted through all the UL CCs . In may receive a synchronization request message from the UE 
this example , the same RAP may be selected from all the through at least one delegate CC in the UL timing group , and CCs and may be simultaneously transmitted . may transmit the UL synchronization information to the UE Subsequently , the UL timing group information may be through the at least one delegate CC . The at least one received from the eNB through a PCC . That is , the eNB may delegate CC may be selected by the UE based on a state of determine RAPs transmitted from the UE , may determine the UL timing group and characteristics of a plurality of CCs that the UE requests configuration of a UL timing group , 
may calculate a TA value based on the preambles received 35 formin 35 forming the UL timing group , so as to obtain the UL 
through the RAPs , and may generate the UL timing group of synchronization . In particular , the at least one delegate CC 
the UE based on the calculated TA . The UL timing group may correspond to at least one of c - i ) through c - v ) . The CC 
information of the generated UL timing group may be may be included in the serving cell as described in the 
transmitted to the UE . foregoing . 

The UL timing group information may be received 40 In particular , the RRC mode determining unit 1005 may 
through the PCC ( PCell ) in a form of a PDCCH or control determine a connection mode between the UE and the eNB , 
information of a MAC message , or may be received through and when the UE and the eNB are not connected , that is , 
an RRC message . when the connection mode is an RRC _ IDLE mode or UL 

The UE may simultaneously receive RAR from the eNB synchronization is not established , the RRC mode determin 
through a few or all of DL CCs having linkages with all the 45 ing unit 1005 may change the connection mode of the UE to 
configured UL CCs ( step S982 ) . The linkage may be set an RRC _ CONNECTED mode or may enable the UL syn 
fixedly in a wireless communication system , or may be set chronization to be established . In this example , RRC con 
for each eNB based on SI , or may be set for each UE or for nection setup may be performed through use of the UE and 
each UE group based on an RRC message . a PCC as described in the foregoing . 

The RAR message may include , for example , identifica - 50 For example , the RRC mode determining unit 1005 may 
tion information of the UE preamble received by the eNB , operate the transceiving unit 1050 to receive an RRC 
an identifier ( ID ) of the eNB , a temporary C - RNTI , infor - connection request transmitted from the UE , and to transmit 
mation associated with a time slot where the UE preamble an RRC connection setup message to the UE . Also , the RRC 
is received , UL grant information , TA information for mode determining unit 1005 may receive an RRC connec 
obtaining a UL synchronization , and the like . 55 tion setup complete message from the UE , may complete the 

Accordingly , the UE may transmit data through a PUSCH RRC connection setup , and may determine an 
through use of time / frequency resource information UE RRC _ CONNECTED mode . 
included in the UL grant information at a scheduled time The CC set determining unit 1020 may determine at least 
determined based on the received TA information , and may one CC available to the UE , and may set a CC set of the UE . 
perform HARQ . 60 In this example , the CC set for the UE may be set based on 

The UE may simultaneously verify the validity of the TA a difference in UL synchronization times of the available 
with respect to CCs through which the RAR is received ( step ( configurable ) CCs , type information of each CC , a center 
S984 ) . In this example , when RAP information is set in the frequency location of each CC , a service type of each CC , 
UE - specific RACH parameter , the UE may omit verifying a network service for each CC , and the like . 
the validity of the TA . 65 The controller 1010 may set the CC set determined by the 
As described in the foregoing , the UE may determine CC set determining unit 1020 as a CC set to be used by the 

whether C - RNTI , T _ C - RNTI , or UE identity included in an UE , and the transceiving unit 1050 may transmit informa 
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tion associated with the set CC set to the UE through a PCell for the UL timing group may be transmitted through one or 
or a primary CC , before receiving the synchronization more delegate CCs , simultaneously or at separated time . 
request message . The UL synchronization information , as described in the 

The UL timing group generating unit 1030 may generate foregoing , may be calculated by comparing , with a prede 
the UL timing group of the UE based on the CC set 5 termined threshold , a difference in center frequency values 
determined by the CC set determining unit 1020 . Here , the of a plurality of CCs in the CC set configured for the UE , or 
UL timing group may be generated to satisfy at least one of may be calculated to enable the CCs to have different 
the conditions a - i ) through a - v ) or b - i ) through b - iv ) , and transmission times by determining whether the CCs corre 
may be determined by comparing a difference in center spond to CCs having the same beamforming scheme , cor 
frequency values of CCs with a threshold , determining 10 respond to CCs updated in response to a synchronization 
whether the CCs have the same beamforming scheme or update request , or correspond to CCs that do not provide 

services in a macrocell but provide services in a space different beamforming schemes , determining whether the superposed by a coverage cell smaller than the macrocell . CCs are updated in response to a UL synchronization update Also , the controller 1010 may control all component request , or determining whether the CCs correspond to CCs the es correspond to CS 15 elements , and a few component elements may independently 
that are incapable of providing services in a macrocell but operate . The component elements of FIG . 10 may be con are capable of providing services in a space superposed by figured as a single module or two or more modules , or may 
a cell smaller than the macrocell , such as a femtocell , a be configured to perform a single function in two or more 
picocell , a microcell , a relay , a repeater , and the like . modules . 

The transceiving unit 1050 may transmit the CC set 20 FIG . 11 illustrates a configuration of a receiving apparatus 
information and UL timing group information to the UE . In according to an embodiment of the present invention . 
this example , the transceiving unit 1050 may transmit the Referring to FIG . 11 , a receiving apparatus 1110 may 
UL timing group information together with the CC set include a connection mode determining unit 1105 , a CC set 
information as shown in FIG . 5 , or may transmit the UL determining unit 1107 , a controller 1110 , a UL timing 
timing group information and the CC set information sepa - 25 adjusting unit 1120 , a UL timing group generating unit 1130 , 
rately as shown in FIG . 6 . Also , the transceiving unit 1050 and a transceiving unit 1150 . 
may additionally transmit SI after transmitting the CC set The transceiving unit 1150 may transmit a synchroniza 
information . Therefore , the UE may be able to configure the tion request message to an eNB through one or more CCs in 
UL timing group based on the CC set information and the SI . a UL timing group , and may receive UL synchronization 

The transceiving unit 1050 may receive , from the UE , the 30 information through the one or more CCs . The controller 
synchronization request message requesting synchroniza - 1110 may control the transceiving unit . The controller 1110 
tion , for example , a message including an RAP . That is , the may determine the UL synchronization information received 
RAP transmitted through the delegate CC determined by the through the transceiving unit . The UL timing adjusting unit 
UE for the UL timing group may be determined , and a TA 1120 may establish a UL synchronization of the UL timing 
value for each UL timing group may be transmitted . The 35 group based on the UL synchronization information deter 
synchronization request message may be received through at mined by the controller . That is , the UL timing adjusting unit 
least one delegate CC , simultaneously or sequentially at 1120 may establish the UL synchronization of the UL timing 
separated time . group based on the UL synchronization information 

The transceiving unit 1050 may change a portion or all of received through the transceiving unit . Here , the controller 
the UL timing group determined by the UL timing group 40 1110 may determine UL grant information and a TA value 
generating unit 1030 , based on the RAP message transmitted calculated to adjust a UL transmission time for each group 
from the UE . corresponding to the UL timing group , through an RAR 

The controller 1010 may control the transceiving unit message received in response to the synchronization request 
1050 to generate information associated with synchroniza message transmitted through the transceiving unit . The UL 
tion based on the received RAP , for example , a message 45 timing adjusting unit 1120 may establish a UL synchroni 
including UL grant information , TA information associated Zation based on the UL synchronization information deter 
with the synchronization , and the like , and to transmit the mined by the controller . In this example , the UL timing 
generated information to the UE . In this example , the adjusting unit 1120 may establish the UL synchronization 
message including the TA information may include an RAR based on a TA value distinguished based on the UL timing 
message . The information associated with the synchroniza - 50 group , based on a unit error distinguished based on the UL 
tion may include TA information required to move up a UL timing group , or based on an error distinguished based on 
transmission time . Therefore , the controller 1010 may con - the UL timing group and having a size of an integer - multiple 
trol the transceiving unit 1050 to generate and transmit of a determined unit value , or using an indicator associated 
synchronization information with respect to the UL timing with a rule determined based on the UL timing group . The 
group . 55 UL synchronization information may be distinguished based 
Here , the controller 1010 may generate TA information on a group index of the UL timing group 

for each UL timing group in a form of a table including a TA Here , the one or more delegate CCs may be selected by 
value corresponding to a group index , in a form of a TA the UE based on a state of the UL timing group and 
value including a unit error for each timing group . The error characteristics of a plurality of CCs forming the UL timing 
for each timing group may have a size of an integer - multiple 60 group , so as to obtain the UL synchronization . In particular , 
of a predetermined unit value , or may be specified in detail . the one or more delegate CCs may correspond to at least one 
Also , the controller 1010 may control the transceiving unit of c - i ) through c - v ) . The CCs may be included in a serving 
1050 to transmit the TA information for each UL timing cell as described in the foregoing . 
group as an indicator indicating a TA based on a predeter - In particular , the connection mode determining unit 1105 
mined rule . The TA value may be an example of the UL 65 may determine a connection mode with the eNB . That is , 
synchronization information required when the UE adjusts a when the connection mode is an UE RRC _ IDLE mode or 
UL transmission time , and the synchronization information UL synchronization with the eNB is not established , the 
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connection mode determining unit 1105 may enable the UE Also , the controller 1110 may control the UL timing group 
to change the connection mode to an RRC _ CONNECTED generating unit 930 to change a portion or all of the 
mode or enable the UL synchronization to be established . In determined UL timing group , based on the RAR message . 
this example , RRC connection setup may be performed In particular , the controller 1110 may perform controlling 
through use of the UE and a PCC as described in the 5 so as to determine a TA value associated with each UL 
foregoing timing group based on the set UL timing group included in 

For example , the connection mode determining unit 1005 the RAR message . Also , the controller 1110 may perform 
may transmit an RRC connection request message to the controlling so as to determine frequency resource informa 

tion assigned for UL transmission of the UE . eNB through use of the transceiving unit 1050 , may receive 
an RRC connection setup message from the eNB , and may 10 The UL timing adjusting unit 1120 may determine the TA 

value determined by the controller 1110 , and may apply the complete RRC connection setup through use of an RRC TA value to all CCs of the corresponding UL timing group connection setup complete message . where the delegate CC is included . That is , the TA value may The transceiving unit 1150 may perform transmission and be applied to the corresponding UL timing group for syn 
reception of information with the eNB . For example , the 15 chronization with the eNB . Here . TA information for each 
transceiving unit 1150 may receive CC set information and UL timing group may be in a form of a table including a TA 
information associated with synchronization from the eNB . value corresponding to a group index , in a form of a TA 
In particular , the transceiving unit 1150 may receive the CC value including a unit error for each timing group , in a form 
set information from the eNB through a PCell or a primary of an error having a size of an integer - multiple of a prede 
CC , before transmitting the synchronization request mes - 20 termined unit value , for each timing group , in a form of an 
sage . After receiving the CC set information , the transceiv error specified in detail for each timing group , or in a form 
ing unit 1150 may receive SI associated with the CCs in the of an indicator indicating a TA based on a predetermined 
CC set , from the eNB . The SI may include frequency band rule . Therefore , the UL timing adjusting unit 1120 may 
information of a CC , information associated with an avail obtain synchronization by applying a determined TA to each 
able frequency magnitude , and the like . 25 UL timing group . The TA value may be an example of UL 

The CC set determining unit 1107 may determine at least synchronization information required when the UE adjusts a 
one CC available to the UE , from the CC set information . UL transmission time , and the synchronization information 
The CC set may be determined based on a difference in UL for the UL timing group may be received through one or 
synchronization times of the CCs available to the UE , type more delegate CCs simultaneously or at separated time . 
information of each CC , a center frequency location of each 30 For example , when the TA information is included in the 
CC , a service type of each CC , a network service for each synchronization information , the TA information may be set 
CC , and the like . equally to all CCs in the UL timing group . 

The UL timing group generating unit 1130 may generate As described in the foregoing , the controller 1110 may 
a UL timing group of the UE based on the CC set determined control all component elements , and a few component 
by the CC set determining unit 920 . Here , the UL timing 35 elements may independently operate . The component ele 
group may be configured by the UE based on the conditions ments of FIG . 11 may be configured as a single module or 
described in FIG . 10 ( at least one of conditions a - i ) through two or more modules , and may be configured to perform a 
a - v ) or b - I through b - iv ) ) . Also , the UL timing group single function in two or more modules . 
generating unit 1130 may select a delegate CC of the UL Based on the descriptions of FIG . 9 , the transceiving unit 
timing group . 40 1150 may receive SI of CCs in the CC set based on the CC 

For example , when the UL timing group generating unit set information , and the controller 1110 may control the 
1130 receives , from the eNB , UL timing group information transceiving unit 1105 to simultaneously transmit the syn 
of CCs together with the CC set information , the UL timing chronization request message to the eNB through all UL 
group generating unit 1130 may select a delegate CC from CCs in the CC set , based on the received SI . 
the received UL timing group . Also , the UL timing group 45 Subsequently , the transceiving unit 1105 may receive UL 
generating unit 1130 may receive , through the transceiving timing group information from the eNB , and simultaneously 
unit 1150 , the UL timing group information separately from receive UL synchronization information through a few or all 
the CC set information , through a separate signaling . of DL CCs associated with the received UL timing group , 

Therefore , when the transceiving unit 1150 does not and the controller 1110 may set a UL CC associated with a 
receive the UL timing group information of CCs or the UL 50 CC through which the UL synchronization information is 
timing group information generated by the eNB is inappro - received as a delegate CC of the received UL timing group . 
priate for a network state of the UE , the UL timing group Therefore , according to an embodiment of the present 
generating unit 1130 may configure a new UL timing group . invention , when a plurality of CCs is used , a different UL 

Also , the controller 1110 may control the transceiving unit synchronization may be obtained for each CC or for each CC 
1150 to transmit a synchronization request message request - 55 group and thus , when the UE transmits information in a UL 
ing synchronization to the eNB through the delegate CC , and through a plurality of CCs , data transmission error due to an 
to receive information associated with synchronization from error in obtaining synchronization and delay in receiving 
the eNB through the delegate CC . information in the eNB may be effectively reduced . 

For example , the controller 1110 may control the trans Also , when a UL synchronization standard is different for 
ceiving unit 1150 to transmit a message including a RAP 60 each of the plurality of CCs , the UE may obtain a UL 
selected by the UE , and to receive an RAR message trans - synchronization based on a type of each CC , a center 
mitted from the eNB . Also , the controller 1110 may control frequency location , and a service type . 
the transceiving unit 1150 to perform , with the eNB , trans 
mission and reception of a message for RRC reconfiguration What is claimed is : 
and synchronization . The synchronization request message 65 1 . A method for establishing an uplink ( UL ) synchroni 
may be transmitted through one or more delegate CCs z ation in a wireless communication system by an evolved 
simultaneously or at separated time . NodeB ( NB ) , the method comprising : 
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transmitting , to a User Equipment ( UE ) , Radio Resource tive UL timing group , wherein each TA value is trans 
Control ( RRC ) signaling including a UL timing group mitted from the eNB for the respective UL timing 
information set through a primary Component Carrier group based on the transmitted RAP associated with a 
( CC ) , the UL timing group information set comprising delegate CC of the respective UL timing group ; and 
one or more UL timing groups , the one or more UL 5 applying each TA value to CCs in the respective UL 
timing groups each comprising one or more UL CCs ; timing group . 

receiving a Random Access Preamble ( RAP ) through one 3 . A User Equipment ( UE ) to establish an uplink ( UL ) 
or more UL CCs , each of the one or more UL CCS synchronization in a wireless communication system , the transmitting an RAP being set as a delegate CC in the UE comprising : respective UL timing group ; and 

transmitting a Random Access Response ( RAR ) including a transceiver configured to receive a Radio Resource 
Control ( RRC ) signaling including a UL timing group a Timing Advance ( TA ) value for UL CCs in the 
information set , which has been set by an evolved respective UL timing group , 

wherein each TA value is calculated by the eNB for the NodeB ( eNB ) ; 
respective UL timing group based on the received RAP 15 a controller configured to configure one or more UL 
associated with a delegate CC of the respective UL timing groups based on the UL timing group informa 
timing group , and tion set , the one or more UL timing groups each 

wherein each TA value is configured to be applied to CCs comprising one or more UL CCS , 
in the respective UL timing group . wherein the transceiver transmits a Random Access Pre 

2 . A method for establishing an uplink ( UL ) synchroni - 20 amble ( RAP ) through one or more UL CCs , each of the 
zation by a User Equipment ( UE ) , the method comprising : one or more UL CCs transmitting an RAP being set as 

receiving a Radio Resource Control ( RRC ) signaling a delegate CC in the respective UL timing group , and 
including a UL timing group information set , which has receives a Random Access Response ( RAR ) including 
been set by an evolved NodeB ( eNB ) ; a Timing Advanced ( TA ) value for UL CCs in the 

configuring one or more UL timing groups based on the 25 respective UL timing group , 
UL timing group information set , the one or more UL wherein each TA value is transmitted from the eNB for the timing groups each comprising one or more UL CCs ; respective UL timing group based on the transmitted transmitting a Random Access Preamble ( RAP ) through RAP associated with a delegate CC of the respective one or more UL CCs , each of the one or more UL CCS UL timing group , and transmitting an RAP being set as a delegate CC in the 30 
respective UL timing group ; wherein the controller applies each TA value to CCs in the 

receiving a Random Access Response ( RAR ) including a respective UL timing group . 
Timing Advanced ( TA ) value for UL CCs in the respec * * * * * 
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THE RNC INFORMS THE SOURCE NODE - B WHEN THE WTRU 
WILL STOP TRANSMISSION AND RECEPTION IN SOURCE CELL . 

515 

THE ANC SENDS ANACTIVATION TIMER TO THE SOURCE NODE - B TO SET THE TIME FOR HANDOVER , 

520 AS MANY DATA PACKETS AS POSSIBLE THAT WERE PREVIOUSLY NACKED 
ARE RETRANSMITTED BEFORE THE ACTIVATION TIMER EXPIRES . 

525 
THE SOURCE NODE - B ADJUSTS THE PRIORITY OF RETRANSMISSIONS . 

530 

THE SOURCE NODE - BADJUSTS THE MODULATION AND CODING SCHEME OF THE RETRANSMISSIONS 

HANDOVER IS COMPLETED AT THE EXPIRATION OF THE ACTIVATION TIMER . 
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SUPPORTING UPLINK TRANSMISSIONS RNC 115. When a change in the cell offering the best radio 
conditions is determined between cells 120A and 120B , a 

CROSS REFERENCE TO RELATED handover process is initiated . 
APPLICATIONS An “ intra - Node - B handover ” occurs when a WTRU 

changes from one cell to another cell controlled by the same 
This application is a continuation of U.S. patent applica- Node - B , as shown in FIG . 1. An “ inter - Node - B handover " 

tion Ser . No. 16 / 545,398 , filed Aug. 20 , 2019 , which is a occurs when a WTRU changes from one cell to another cell 
continuation of U.S. patent application Ser . No. 16 / 283,407 , controlled by a different Node - B . In the latter case , the 
filed Feb. 22 , 2019 , which is a continuation of U.S. patent Node - B that controls the cell before the handover is called 
application Ser . No. 157699,418 filed on Sep. 8 , 2017 , now a source Node - B , and the Node - B that controls the cell after 
U.S. Pat . No. 10,219,196 issued on Feb. 26 , 2019 , which is the handover is called a target Node - B . 
a continuation of U.S. patent application Ser . No. 14/869 , During soft handover , a WTRU establishes a plurality of 
313 , filed on Sep. 29 , 2015 , now U.S. Pat . No. 9,763,156 connections with a plurality of Node - Bs in an active set . In 
issued on Sep. 12 , 2017 , which is a continuation of U.S. this situation , a problem may arise for scheduling and 
patent application Ser . No. 13 / 908,242 filed on Jun . 3 , 2013 , H - ARQ operation . A WTRU may receive conflicting EU 
now U.S. Pat . No. 9,215,636 issued on Dec. 15 , 2015 , which transmission scheduling from more than one Node - B . It is 
is a continuation of U.S. patent application Ser . No. 13/308 , also difficult for the WTRU to receive , decode and process 
950 filed on Dec. 1 , 2011 , now U.S. Pat . No. 8,457,072 H - ARQ positive and negative acknowledgements ( ACKs / 
issued on Jun . 4 , 2013 , which is a continuation of U.S. patent 20 NACKS ) generated by a plurality of Node - Bs . The soft 
application Ser . No. 11 / 434,330 filed on May 15 , 2006 , now buffer of an H - ARQ process in Node - Bs may be corrupted 
U.S. Pat . No. 8,130,720 issued on Mar. 6 , 2012 , which is a during soft handover . 
continuation of U.S. patent application Ser . No. 10 / 962,720 One method to support H - ARQ across multiple Node - Bs , 
filed Oct. 12 , 2004 , now U.S. Pat . No. 7,046,648 issued on when the WTRU is in soft handover , is to place the ACK / 
May 16 , 2006 , which claims the benefit of U.S. Provisional 25 NACK generation function in the RNC , which derives a 
Application Ser . No. 60 / 578,674 filed Jun . 10 , 2004 ; 60/520 , single ACK / NACK based on the results from the multiple 
692 filed Nov. 17 , 2003 ; 60 / 519,990 filed Nov. 14 , 2003 ; and Node - Bs . However , this approach presents a significant 
60 / 517,656 filed Nov. 5 , 2003 , all of which are incorporated delay to the ACK / NACK process , which is highly undesir 
by reference as if fully set forth . This application is also able for performance reasons . 
related to a co - pending patent application , entitled “ Sup When a WTRU undergoes an inter - Node - B hard han 
porting Uplink Transmissions ” , Ser . No. 17 / 008,468 , filed dover , there is a possibility that a source Node - B , which is 
on Aug. 31 , 2020 . a Node - B before hard handover is completed , may not 

successfully receive EU transmissions for data packets that 
FIELD OF INVENTION have been NACKed prior to hard handover activation time . 

35 Other WTRUs competing for UL resources may not be 
The present invention is related to a wireless communi provided with enough physical resources in the source cell . 

cation system . More particularly , the present invention is If data blocks that have been NACKed prior to the handover 
are retransmitted to the source Node - B before the handover related to a method and apparatus for coordinating Node - Bs 

and supporting enhanced uplink ( EU ) transmissions during 40 with the previous data blocks for H - ARQ decoding . In this activation timer expires , those data blocks can be combined 
handover . way , the decoding takes the advantage of previous , although 

failed , transmissions of those data blocks in the source cell . BACKGROUND If data blocks that have been NACKed prior to the handover 
are not retransmitted to the source Node - B before the Many schemes have been proposed to improve coverage , 45 handover activation timer is expired , they have to be trans 

throughput , and transmission latency for EU transmissions mitted again in the target cell as new data blocks . In this in third generation partnership project ( 3GPP ) . One of the case , the previous transmissions of those data blocks in the developments is to move the functions for scheduling and source cell are not utilized . 
assigning uplink ( UL ) physical channel resources from a 
radio network controller ( RNC ) to a Node - B . A Node - B can 50 SUMMARY 
make more efficient decisions and manage UL radio 
resources on a short - term basis better than the RNC , even if An enhanced uplink user equipment is in soft handover . A 
the RNC retains overall control over Node - Bs . A similar radio network controller selects a primary Node - B out of a 
approach has already been adopted in downlink for high plurality of Node - Bs supporting the soft handover . The radio 
speed data packet access ( HSDPA ) in both universal mobile 55 network controller receiving successfully received enhanced 
telecommunication system ( UMTS ) frequency division uplink data packets from the plurality of Node - Bs . The radio 
duplex ( FDD ) and time division duplex ( TDD ) modes . network controller reordered the successfully received 

It has also been recognized that performance is greatly enhanced uplink data packets for in - sequence deliver . The 
enhanced with the use of medium access control ( MAC ) primary Node - B sends specified scheduling information to 
level automatic repeat request ( ARQ ) and hybrid ARQ 60 the user equipment that the other Node - Bs does not transmit . 
( H - ARQ ) . Application of these techniques during soft han- At least the primary Node - B transmits acknowledgements 
dover provides additional significant benefits . and negative acknowledgements to the user equipment . 
FIG . 1 shows a conventional wireless multi - cell commu 

nication system 100 including a wireless transmit / receive BRIEF DESCRIPTION OF THE DRAWINGS 
unit ( WTRU ) 105 , a Node - B 110 , an RNC 115 , and at least 65 
two cells 120A , 120B . Each of the cells 120A , 120B , is A more detailed understanding of the invention may be 
served by the Node - B 110. Node - B 110 is controlled by the had from the following description , given by way of 
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example and to be understood in conjunction with the primary Node - B 210A in a primary cell 260A . However , the 
accompanying drawings wherein : primary Node - B 210A cannot send the scheduling informa 

FIG . 1 shows a conventional wireless communication tion to the non - primary Node - Bs 210B in every transmission 
system ; time interval ( TTI ) . In order to allow the primary Node - B 
FIG . 2 shows a system which uses a UL scheduler located 5 210A to allocate resources for the WTRU 205 to transmit in 

in a primary Node - B during soft handover for EU in cells controlled by the non - primary Node - Bs 210B , those 
accordance with the present invention ; resources scheduled by the primary Node - B 250A in a 
FIG . 3 shows a system which uses an ACK / NACK plurality of cells 260B controlled by the non - primary Node 

generation function located in a primary Node - B during soft Bs 210B cannot be assigned by the non - primary Node - Bs handover for EU in accordance with the present invention ; 10 210B . Therefore , some physical resources common to all of FIG . 4 is a flowchart of a process including method steps the cells in the active EU subset should be assigned and for coordinating Node - Bs during soft handover in accor reserved by a particular Node - B for the WTRU 205 during dance with one embodiment of the present invention ; and the soft handover , so that those resources can be used only FIG . 5 is a flowchart of a process including method steps 
for prioritizing the transmission of NACKed data in a source 15 by the primary Node - B 210A . 
Node - B before hard handover is completed in accordance The UL scheduler 255 located in the primary Node - B 
with a separate embodiment of the present invention . 210A considers the interference level caused by the EU 

transmission at any cell 260A , 260B , 260C , in the EU active 
DETAILED DESCRIPTION OF THE subset to be below a predetermined maximum allowed 
PREFERRED EMBODIMENTS 20 interference level . Thus , the primary Node - B 250A limits 

the transmit power level of the WTRU 205 such that the 
The present invention will be described with reference to interference levels are also within the maximum allowed 

the drawing figures wherein like numerals represent like interference levels at other cells 260B , 260C . To achieve 
elements throughout . this , the RNC 215 needs to relay necessary information , 

Hereafter , the terminology “ WTRU ” includes but is not 25 such as transmission power level and interference level , of 
limited to a user equipment ( UE ) , a mobile station , a fixed the cells 260B controlled by the non - primary Node - Bs 210B 
or mobile subscriber unit , a pager , or any other type of to the primary Node - B 210A , which then uses the informa 
device capable of operating in a wireless environment . tion to schedule the UL transmissions . 
When referred to hereafter , the terminology “ Node - B ” The EU scheduling information is transmitted to the 

includes but is not limited to a base station , a site controller , 30 WTRU 205 only by the primary Node - B 210A through the 
an access point or any other type of interfacing device in a primary cell 260A . During soft handover , the WTRU 205 
wireless environment . receives EU scheduling information only in the primary cell 

The present invention may be implemented in any type of 260A , although the EU scheduling information is valid in all 
wireless communication systems , such as UMTS - FDD , other cells 260B , 260C . 
TDD , time division synchronous code division multiple 35 In one embodiment , the primary Node - B 250A is selected 
access ( TDSCDMA ) , code division multiple access 2000 by either the RNC 215 or the WTRU 205. The RNC 215 may 
( CDMA2000 ) ( EV - DO and EV - DV ) or any other type of choose a Node - B that has the highest percentage of correctly 
wireless communication system . received data blocks during a predefined time window as a 

The features of the present invention may be incorporated primary Node - B . 
into an IC or be configured in a circuit comprising a 40 In another embodiment , the RNC 215 generates statistics 
multitude of interconnecting components . for each Node - B , such as a bit error rate ( BER ) or a frame 

FIG . 2 shows a wireless multi - cell communication system error rate ( FER ) , or the like , over a predetermined time 
200 which uses a UL scheduler located in a primary Node - B period . Then , the RNC 215 may select a Node - B having the 
in accordance with the present invention . The wireless best performance to be the primary Node - B 210A . The RNC 
multi - cell communication system 200 includes a WTRU 45 215 then notifies the WTRU 205 and all other Node - Bs 
205 , a plurality of Node - Bs 210 ( i.e. , 210A , 210B ) , an RNC about the primary Node - B 210A via radio resource control 
215 and a plurality of cells 260 ( i.e. , 260A , 260B , 260C ) . ( RRC ) and lub signaling , respectively . 
Cells 260A and 260C are served by the Node - B 210A . Cells In another embodiment , the WTRU 102 may choose a 
260B are served by the Node - Bs 210B . All of the Node - Bs Node - B 210 that has the best downlink pilot power , ( i.e. , 
210 are controlled by the RNC 215 . 50 best downlink path loss or highest code power ) , as a primary 

During soft handover , the WTRU 205 establishes multiple Node - B 210A . The WTRU 205 measures the power of pilot 
connections with the Node - Bs 210 included in an active set . signals received from all Node - Bs 210 and selects the 
Each transmission from the WTRU 205 is processed inde- Node - B 210 having the highest pilot power to be the primary 
pendently at each of the Node - Bs 210. One of the Node - Bs Node - B 210A . The WTRU 205 then notifies all other 
210 in the active set is designated as a primary Node - B 55 Node - Bs about the primary Node - B 210A via fast physical 
210A , and the other Node - Bs are designated as non - primary layer signaling . 
Node - Bs 210B . The WTRU 205 may report the downlink pilot power of 
As shown in FIG . 2 , the primary Node - B 210A includes all cells 260 to the RNC 215. The RNC 215 then chooses one 

a MAC entity 250A including a UL scheduler 255. Each of Node - B 210 to be the primary Node - B 210a based on the 
the non - primary Node - Bs 210B also includes a MAC entity 60 combined uplink and downlink quality . The uplink quality of 
250B . Each of the MAC entities 250A , 250B , handles EU a cell 260 based on the percentage of correctly received data 
transmissions . The UL scheduler 255 in the MAC entity blocks , ( or BER , FER , or the like ) , during a predefined time 
250A is responsible for scheduling the EU transmissions . window , and the downlink quality of a cell 260 is based on 

In accordance with one embodiment of the present inven- the WTRU received downlink pilot power . Then , the RNC 
tion , the UL scheduler 255 is implemented only at the 65 215 notifies the WTRU 205 and all of the Node - Bs 210 
primary Node - B 210A during soft handover . The WTRU about the primary Node - B 210A via RRC and Iub signaling , 
205 receives a UL transmission schedule only from the respectively . 
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The present invention is advantageous over prior art primary Node - Bs 210B may simply perform an ARQ , with 
systems . Using the present invention , a WTRU does not out using an incremental combining process . This eliminates 
receive conflicting scheduling of EU transmissions from the soft buffer corruption problem . 
Node - Bs during soft handover . In addition , EU transmission In the case where non - primary Node - Bs 210B perform 
is scheduled in consideration of an interference level and 5 simple ARQ without incremental combining , the WTRU 
radio resources in cells controlled by non - primary Node - Bs . 205 must transmit self - decodable data packets to ensure that 
Signaling delay from the primary Node - B 210A to the all of the Node - Bs 210 may decode transmissions , regard 
WTRU 205 is much lower as compared to signaling delay less of the result of earlier transmissions . Preferably , the 
from the RNC 215 to the WTRU 205 . H - ARQ functionality is terminated at the Node - Bs 210 . 

In a separate embodiment , FIG . 3 shows a wireless 10 Each of the Node - Bs 210 sends to the RNC 215 successfully 
multi - cell communication system 300 , similar to the system decoded data packets with explicit identification of trans 
200 shown in FIG . 2. As shown in FIG . 3 , the primary mission , such as a transmission sequence number ( TSN ) . 
Node - B 210A includes a MAC entity 250A including an The RNC 215 may optionally use data packets delivered 
ACK / NACK generator 305. Only the primary Node - B 210A from the non - primary Node - Bs 210B . A MAC entity 310 , 
has the ACK / NACK generator 305. The primary Node - B 15 located in the RNC 215 , is used to implement an in - sequence 
210A may perform H - ARQ with incremental redundancy , or delivery process for delivering data to higher layers over all 
only ARQ without implementing incremental redundancy . of the packets received from the Node - Bs 210. After the 

Still referring to FIG . 3 , the primary Node - B 210A RNC MAC entity 310 has completed its re - ordering process , 
receives at least one data packet from the WTRU 205 it sends the data to a radio link control ( RLC ) ( not shown ) . 
through the primary cell 260A and performs an error check 20 Missed packets are identified at the RNC 215 and the WTRU 
on the data packet . Any error checking method , such as a 205 is informed through RLC messaging . 
cyclic redundancy check ( CRC ) , may be utilized . If the Alternatively , EU transmissions may identify WTRU ID , 
primary Node - B 210A correctly decodes the data packet , H - ARQ process , transmission sequence and / or new data 
such as passing the CRC , the primary Node - B 210A trans- indication ( NDI ) to allow for soft combining in the non 
mits an ACK to the WTRU 205 and also transmits the 25 primary Node - B's 210B . If this method is used to allow soft 
correctly decoded data packet to the RNC 215. If the combining in the non - primary Node - Bs 210B , the primary 
primary Node - B 210A fails to correctly decode the data Node - B 210A may not have to rely on scheduling and 
packet , the primary Node - B 210A transmits a NACK to the H - ARQ ACK / NACK decisions to determine when combin 
WTRU 205 . ing should be performed . 

The non - primary Node - Bs 210B also perform an error 30 There are two options for the transmission of ACK / 
check on the data packet . However , the non - primary Node- NACK messages . The first option is a synchronous trans 
Bs 210B do not send ACKS or NACKs to the WTRU 205 . mission . The ACK / NACK messages are transmitted after a 
Instead , the non - primary Node - Bs send successfully unique time delay with respect to the corresponding uplink 
decoded data packets to the RNC 215. During soft handover , transmission or the EU channel allocation message . The 
only the primary Node - B 210A generates H - ARQ ( or ARQ ) , 35 second option is an asynchronous transmission . There is no 
ACKs and NACKs , and controls retransmissions . unique delay between the transmission of ACK / NACK 

The MAC layer WTRU identities received by the non- messages and the corresponding uplink transmission or the 
primary Node - Bs 210B may be used for routing of success- EU channel allocation message . Explicit information in the 
fully received transmissions in a universal terrestrial radio ACK / NACK message identifies the corresponding uplink 
access network ( UTRAN ) . Since the non - primary Node - Bs 40 transmission to enable the WTRU 205 to make the correct 
210B are not aware of which WTRUs have been scheduled association between the ACK / NACK message and the trans 
for EU transmission by the primary Node - B 210A , the mission . This association is made by either identifying the 
non - primary Node - Bs 210B may rely on in - band MAC layer H - ARQ process number and / or a unique sequence number , 
signaling of the WTRU ID to route correctly received such as a TSN with each ACK / NACK feedback message to 
transmissions to the correct RNC radio link . Even though the 45 the WTRU 205 . 
primary Node - B 210A may be aware of which WTRU is In a separate embodiment , preferably implemented for the 
scheduled , the same method may be implemented by the asynchronous ACK / NACK feedback case , the non - primary 
primary Node - B 210A . Node - Bs 210B may provide H - ARQ ACK / NACK results to 

Preferably , the primary Node - B 210A may use soft com- the primary Node - B 210A in order to avoid unnecessary 
bining to process transmissions , while the non - primary 50 retransmissions for transmissions that are not correctly 
Node - Bs 210B may process each transmission without soft received by the primary Node - B 210A , but are correctly 
combining . If the primary Node - B sends a NACK to the received by the non - primary Node - Bs 210B . A non - primary 
WTRU 205 , the NACKed data packet is stored in a buffer Node - B 210B does not directly send an ACK or NACK 
of the primary Node - B 210A , and the NACKed data packet message to the WTRU 205. The non - primary Node - Bs 210B 
is combined with a retransmitted data packet . In contrast , the 55 sends ACK / NACK or CRC results to the RNC 215. Then , 
non - primary Node - Bs 210B do not store the NACKed data the RNC 215 sends ACK or CRC results to the primary 
packets . This eliminates the problem of soft buffer corrup- Node - B 210A . 
tion between the Node - Bs 210 , and the complexities of In order to speed up H - ARQ processing , the first ACK 
multiple independent ACKs and / or NACKs . message from any non - primary Node - B 210B received by 
When an incremental combining process is implemented , 60 the RNC is preferably immediately forwarded to the primary 

measures should be taken to avoid soft buffer corruption . Node - B 210A . The primary Node - B 210A also immediately 
Sequence information or a new data indicator is required to generates an ACK message if the transmission is received 
enable a Node - B 210 to detect that the WTRU 205 is no correctly in the primary Node - B 210A without waiting for 
longer repeating data for a particular WTRU H - ARQ pro- feedback from the non - primary Node - Bs 210B . The primary 
cess , but instead is sending new data . This is specifically 65 Node - B 210A also generates an ACK message immediately 
required because the Node - B 210 has no other way to learn upon reception of a forwarded ACK message from the RNC , 
that a new transmission has started . Alternatively , the non- even if other ACK messages may be forwarded . Since an 
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ACK is generated if any of the paths are successful , an ACK expires , the source Node - B 210 adjusts the priority of 
can be generated as soon as the first successful transmission transmissions ( step 525 ) and , in step 530 , the source node - B 
is found . 210 adjusts the MCS of the transmissions ( step 530 ) . Higher 

Alternatively , in order to simplify the design of the priority of scheduling is given to the data packets that have 
ACK / NACK generator 205 , only a subset of the generating 5 been NACKed . If the radio resources are sufficient , a more 
nodes may be used . For example , ACKs may be generated robust MCS may be used to increase the probability of 
only at the RNC , or at the RNC and the primary Node - B successful transmissions from the WTRU 205 to the source 
210A . Node - B 210. In step 535 , the handover is completed at the 
When the WTRU 205 sends an uplink transmission , for expiration of the activation timer . 

each H - ARQ process the WTRU 205 waits at least the time 10 In order for the WTRU 205 to understand that the 
required for the primary Node - B 210A to send ACK / NACK scheduled uplink transmission is intended for data blocks 
feedback . For each H - ARQ process , if an ACK is received with previous transmission failures , the source Node - B 210 
by the WTRU 205 , the WTRU 205 may send new data in the uplink scheduler 255 may specify that the scheduled UL 
next available or assigned opportunity . transmission is intended for the data blocks that were 
A NACK message can only originate in the RNC 215 15 previously NACKed . This may be implemented by includ 

since it is the only node that has all of the information ing H - ARQ process identification in the UL scheduling 
necessary in the soft handover to determine that there have information that is sent from the source Node - B 210 to the 
been no successful receptions at any Node - B 210. The RNC WTRU 205. By receiving the scheduling information from 
215 generates a NACK command if the RNC 215 receives the source Node - B 210 , the WTRU 205 knows that the 
no ACK from the Node - Bs 210 within a predetermined time 20 scheduled transmission is for specific data associated with 
interval . The RNC 215 forwards the NACK message to the HARQ process identification sent together with the sched 
WTRU 205 via the primary Node - B 210A . uling information . 

It is also possible that this procedure can be implemented While this invention has been particularly shown and 
without an explicit NACK command . In this case , the lack described with reference to preferred embodiments , it will 
of ACK reception within a particular period of time is 25 be understood by those skilled in the art that various changes 
considered the same as an explicit NACK command at either in forms and details may be made therein without departing 
the primary Node - B 210A and / or the WTRU 205 . from the scope of the invention as described above . 
FIG . 4 is a flowchart of a process 400 including method 

steps for coordinating Node - Bs during soft handover in What is claimed is : 
accordance with one embodiment of the present invention . 30 1. A wireless transmit / receive unit ( WTRU ) comprising : 
In step 405 , the RNC 215 makes a decision to initiate an at least one transceiver ; and 
inter - Node - B soft handover . In step 410 , the WTRU 205 a processor ; 
establishes connections with at least two Node - Bs 210 in an wherein the at least one transceiver and the processor are 
active set . In step 415 , one of the Node - Bs 210 in the active configured to cause the WTRU to : 
set is designated as a primary Node - B 210A and the one or 35 transmit , using a hybrid automatic repeat request 
more Node - B ( s ) 210 remaining in the active set are desig- ( H - ARQ ) process , a data block to a base station ; 
nated as a non - primary Node - Bs 210B . In step 420 , the receive uplink scheduling information from the base 
primary Node - B 210A controls UL transmissions during soft station , wherein the uplink scheduling information 
handover by performing EU scheduling and H - ARQ opera includes a H - ARQ process identification for the 
tions . H - ARQ process ; and 
FIG . 5 is a flowchart of a process 500 including method determine whether to retransmit the data block based on 

steps for prioritizing the transmission of NACKed data in a the received uplink scheduling information and not 
source Node - B before hard handover is completed in accor- based on whether the WTRU has received a negative 
dance with a separate embodiment of the present invention . acknowledgement ( NACK ) from the base station . 
In step 505 , the RNC 215 makes a decision to initiate a hard 45 2. The WTRU of claim 1 , wherein the at least one 
handover for a WTRU 205 connected to a source Node - B transceiver and the processor are further configured to cause 
210. In step 510 , the RNC 215 informs the source Node - B the WTRU to , in response to a determination to retransmit 
210 when the WTRU 205 will stop transmission and recep- the data block , retransmit the data block . 
tion in the source cell 260. In step 515 , the RNC 215 sends 3. The WTRU of claim 2 , wherein the data block is 
an activation timer to the source Node - B 210 to set the time 50 retransmitted using physical channel resources included in 
for handover . the uplink scheduling information . 

Still referring to FIG . 5 , if the source Node - B 210 4. The WTRU of claim 1 , wherein the reception of the 
determines that there are data packets that were previously uplink scheduling information initiates retransmission of a 
NACKed , as many previously NACKed data packets as negatively acknowledged ( NACK’ed ) data block . 
possible should be retransmitted before the handover acti- 55 5. The WTRU of claim 1 , wherein the uplink scheduling 
vation timer expires . Otherwise , the system may lose the information includes physical channel resources . 
benefit of incrementally combining the previous transmis- 6. The WTRU of claim 1 , wherein the uplink scheduling 
sion with the retransmission . Therefore , the source Node - B information is received from a primary cell and the WTRU 
scheduler 255 takes the handover activation time into transmits to the primary cell and at least one secondary cell . 
account when it schedules the data packets that have been 60 7. The WTRU of claim 1 , wherein the at least one 
NACKed . If there is not enough radio resource for the transceiver and the processor are further configured to cause 
source Node - B 210 to schedule transmission of all the the WTRU to receive an ACK / NACK signal from the base 
NACKed data packets in time , the source Node - B 210 station . 
should manage to schedule transmission of as many 8. The WTRU of claim 1 , wherein the scheduling infor 
NACKed data packets as possible . 65 mation indicates a modulation and coding scheme . 

Still referring to FIG . 5 , in order to transmit as many 9. The WTRU of claim 1 , wherein the transmitted data 
NACKed data packets as possible before the activation timer block has a first modulation and coding scheme ( MCS ) and 

40 
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the scheduling information indicates a second MCS , 13. The method of claim 12 , wherein the data block is 
wherein the first MCS and the second MCS are different . retransmitted using physical channel resources included in 

10. The WTRU of claim 9 , wherein the at least one the uplink scheduling information . 
transceiver and the processor are further configured to cause 14. The method of claim 11 , wherein the reception of the 
the WTRU to , in response to a determination to retransmit 5 uplink scheduling information initiates retransmission of a negatively acknowledged ( NACK'ed ) data block . the data block , retransmit the data block using the second 15. The method of claim 11 , wherein the uplink sched MCS . uling information includes physical channel resources . 11. A method comprising : 16. The method of claim 11 , wherein the uplink sched 

transmitting , by a wireless transmit / receive unit ( WTRU ) , uling information is received from a primary cell and the 
a data block to a base station using a hybrid automatic WTRU transmits to the primary cell and at least one 
repeat request ( H - ARQ ) process ; secondary cell . 

receiving , by the WTRU , uplink scheduling information 17. The method of claim 11 further comprising receiving , 
from the base station , wherein the uplink scheduling by the WTRU , an ACKNACK signal from the base station . 
information includes a H - ARQ process identification 18. The method of claim 11 , wherein the scheduling 
for the H - ARQ process ; and information indicates a modulation and coding scheme . 

determining , by the WTRU , whether to retransmit the 19. The method of claim 11 , wherein the transmitted data 
data block based on the received uplink scheduling block has a first modulation and coding scheme ( MCS ) and 
information and not based on whether the WTRU has the scheduling information indicates a second MCS , 

wherein the first MCS and the second MCS are different . received a negative acknowledgement ( NACK ) from 20 
the base station . 20. The method of claim 19 further comprising , in 

12. The method of claim 11 further comprising , in response to a determination to retransmit the data block , 
response to a determination to retransmit the data block , retransmitting the data block using the second MCS . 
retransmitting , by the WTRU , the data block . 

15 
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METHOD AND APPARATUS FOR 
TERMINATING TRANSMISSION OFA 
MESSAGE IN AN ENHANCED RANDOM 

ACCESS CHANNEL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 12/238,910 filed Sep. 26, 2008, which claims the 
benefit of U.S. Provisional Application No. 60/975,985 filed 
on Sep. 28, 2007; U.S. Provisional Application No. 60/982, 
528 filed on Oct. 25, 2007; U.S. Provisional Application No. 
61/018.999, filed on Jan. 4, 2008; U.S. Provisional Applica 
tion No. 61/025,441 filed on Feb. 1, 2008; U.S. Provisional 
Application No. 61/038,576 filed on Mar. 21, 2008; U.S. 
Provisional Application No. 61/074.288 filed on Jun. 20. 
2008; and U.S. Provisional Application No. 61/083,409 filed 
on Jul. 24, 2008, which are incorporated by reference as if 
fully set forth. This application is also related to the applica 
tion referred to as Ser. No. 14/319,975 filed on the same date 
herewith and is incorporated by reference as if fully set forth. 

FIELD OF INVENTION 

The present application is related to wireless communica 
tion. 

BACKGROUND 

In wireless communications systems, access to radio 
resources is controlled by a radio network. When a wireless 
transmit receive unit (WTRU) has data to transmit to the 
network, the WTRU requires access to the radio resources 
before transmitting its data payload. In a Third Generation 
Partnership Project (3GPP) network, the WTRU may trans 
mit on the uplink using a contentious channel known as a 
random access channel (RACH). Because access to the 
RACH is contentious, a collision might occur when multiple 
WTRUs are accessing the resources simultaneously. 
The current RACH access procedure in the 3GPP com 

prises a preamble phase with power ramp-up, followed by 
channel acquisition information and message transmission 
for random access. Because the RACH is a shared channel, in 
order to avoid WTRUs holding the shared radio resource for 
a long time, only relatively short message payloads are trans 
mitted on the RACH; this leads to a relatively small data rate. 
The RACH is thus used for the transmission of short control 
messages. Typically, the WTRUS demanding larger data rates 
may be configured by the network to use dedicated resources. 
The data rate provided by the RACH is sufficient for the 

transmission of short control messages Supporting mostly 
speech communications, however it may be inefficient for 
transmission of data messages associated to the new non 
real-time data services Such as internet browsing, e-mail, etc. 
For such data services, the traffic is ruptured by nature and 
long periods of inactivity may exist between Successive trans 
missions. For example, applications requiring frequent trans 
mission of keep-alive messages, may result in an inefficient 
utilization of dedicated resources. In Such cases, it may be 
advantageous for the network to use shared resources for data 
transmission instead. The difficulty however, resides in the 
low data rate offered by the RACH. 
To overcome these difficulties, it was proposed to use the 

enhanced dedicated channel (E-DCH) in the CELL FACH 
state to increase the data rate of the shared channel. 
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2 
FIG. 1 is a diagram of an enhanced RACH (E-RACH) 

access. The E-RACH procedure may include, a RACH pre 
amble phase and an E-RACH message phase. During the 
initial RACH preamble phase, a WTRU transmits a RACH 
preamble, it continues transmitting the preamble while ramp 
ing up the power of the transmission until it receives an initial 
resource assignment. The WTRU may also perform collision 
detection and resolution, if other WTRUs are attempting to 
access the RACH during this time. Once the WTRU has 
received permission to access the RACH, the WTRU may 
transmit data until the resources are released or the WTRU 
transitions to another state. 
As mentioned above, it was proposed to use the E-DCH in 

a CELL FACH state to increase the data rate of the shared 
channel. However, in the current standard, there are no meth 
ods to terminate the E-RACH message phase. Accordingly, it 
would be beneficial to provide a method and apparatus to 
terminate an E-RACH message phase in an E-RACH. 

SUMMARY 

A method and an apparatus is provided for terminating an 
E-RACH message in an E-RACH transmission. Triggers for 
terminating the E-RACH message are also provided. The 
actions upon termination of the E-RACH messages or tran 
sition to CELL DCH state are provided in order to release the 
shared E-DCH resources while in the CELL FACH state. 
A method for terminating an enhanced random access 

channel (E-RACH) message in an E-RACH transmission 
determining that a buffer is empty; triggering a transmission 
of a scheduling information (SI) with the value of total 
enhanced dedicated channel (E-DCH) buffer status (TEBS) 
equal to Zero; determining last hybrid automatic repeat 
request (HARQ) data transmission; and releasing the E-DCH 
resources allocation is provided. 
A method for terminating an enhanced random access 

channel (E-RACH) message in an E-RACH transmission 
where the network waits until a HARQ buffer is empty and 
when the SI with a value of zero is received, the resources are 
released. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more detailed understanding may be had from the fol 
lowing description, given by way of example and to be under 
stood in conjunction with the accompanying drawings 
wherein: 

FIG. 1 is a diagram of an E-RACH access with an E-DCH: 
FIG. 2 shows a wireless communication system; 
FIG. 3 is a functional block diagram of a WTRU and the 

base station of the wireless communication system shown in 
FIG. 2: 

FIG. 4 is a flow diagram of a E-DCH resource allocation 
and de-allocation; 

FIG. 5 is a diagram of triggers for starting the timer that the 
WTRU may initiate for the timers: 

FIG. 6 is a flow diagram of a method to release E-DCH 
resources based on the status of a WTRU’s queue or buffer; 

FIG. 7 is a flow diagram of a network configured to deter 
mine termination of an E-RACH message transmission; 

FIG. 8 is a flow diagram of E-DCH resources release when 
the WTRU transitions from the CELL FACH state to the 
CELL DCH state; and 

FIG.9 is a flow diagram for releasing the E-DCH resources 
while in the CELL FACH state. 

DETAILED DESCRIPTION 

When referred to hereafter, the terminology “wireless 
transmit/receive unit (WTRU)” includes but is not limited to 
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a user equipment (UE), a mobile station, a fixed or mobile 
Subscriber unit, a pager, a cellular telephone, a personal digi 
tal assistant (PDA), a computer, or any other type of user 
device capable of operating in a wireless environment. When 
referred to hereafter, the terminology “base station' includes 
but is not limited to a Node-B, a site controller, an access point 
(AP), or any other type of interfacing device capable of oper 
ating in a wireless environment. 
When referred to herein, the term RACH and E-RACH 

may be used to describe a resource that is selected by a WTRU 
for uplink contention based access. The term E-RACH 
resource may also indicate any combination of a scrambling 
code, a channelization code, a timeslot, an access opportu 
nity, or a signature sequence that are associated to an 
E-RACH channel in a future system architecture. The term 
E-RACH may also indicate the use of the E-DCH in CELL 
FACH, CELL PCH, URA PCH states or Idle mode. 
When referred to hereafter, the term enhanced medium 

access control (MAC)-e/es entities may refer to the MAC 
entities used to perform E-DCH transmission in the CELL 
FACH state, which in release 8 is referred to as MAC-i/is. 
MAC-efes and MAC-i/is are the MAC entities that handle the 
transport channel Such as the enhanced dedicated transport 
channel (E-DCH). 

FIG. 2 shows a wireless communication system 200 
including a plurality of WTRUs 210, a base station 220, a 
CRNC 230, an SRNC 240, and a core network 250. As shown 
in FIG. 2, the WTRUs 210 are in communication with the 
base station 220, which is in communication with the CRNC 
230 and the SRNC 240. Although three WTRUs 210, one base 
station 220, one CRNC 230, and one SRNC 240 are shown in 
FIG. 3, it should be noted that any combination of wireless 
and wired devices may be included in the wireless commu 
nication system 200. 

FIG. 3 is a functional block diagram 300 of a WTRU 210 
and the base station 220 of the wireless communication sys 
tem 200 of FIG. 2. As shown in FIG. 3, the WTRU 210 is in 
communication with the base station 220 and both are con 
figured to perform a method to terminate transmission of a 
message in an E-RACH. 

In addition to the components that may be found in a 
typical WTRU, the WTRU 210 includes a processor 215, a 
receiver 216, a transmitter 217, and an antenna 218. The 
processor 215 is configured to perform a method to terminate 
transmission of a message in an E-RACH. The receiver 216 
and the transmitter 217 are in communication with the pro 
cessor 215. The antenna 218 is in communication with both 
the receiver 216 and the transmitter 217 to facilitate the trans 
mission and reception of wireless data. 

In addition to the components that may be found in a 
typical base station, the base station 220 includes a processor 
225, a receiver 226, a transmitter 227, and an antenna 228. 
The processor 225 is configured to perform a method to 
terminate transmission of a message in an E-RACH. The 
receiver 226 and the transmitter 227 are in communication 
with the processor 225. The antenna 228 is in communication 
with both the receiver 226 and the transmitter 227 to facilitate 
the transmission and reception of wireless data. 

FIG. 4 is a flow diagram of E-DCH resource allocation and 
de-allocation 400 using triggering for a WTRU. The first state 
corresponds to a WTRU 210 that operates with no E-DCH 
resources allocated to it 405. Once uplink (UL) data has to be 
transmitted, the WTRU 210 requests E-DCH resources from 
the network, by transmitting a preamble and waiting for the 
response on the acquisition indication channel (AICH). In 
other words, the WTRU 210 may remain in this state until it 
receives a positive acknowledgement (ACK) on the AICH, or 
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4 
a negative acknowledgement (NACK) on the AICH followed 
by a resource assignment index over the E-AICH, which may 
also be referred to as the WTRU 210 receiving an E-DCH 
index. After receiving the E-DCH resource assignment, the 
WTRU may transition to the next state wherein E-DCH 
resources are allocated for enhanced uplink transmissions 
410. The WTRU210 may use these E-DCH resources for UL 
transmission until it receives a trigger, at which point the 
WTRU 210 will release the resources 415. After the WTRU 
210 releases the resources, it returns to the initial state. As will 
be described in further detail hereafter, the trigger may be 
timer based, it may be based on the WTRU buffer status, or 
may be based on signaling from the RNC or the Node-B 220. 

In one embodiment, the WTRU 210 may be configured to 
include a timer module. The timer module may include mul 
tiple timers, wherein a timer may be associated to each logical 
channel or each MAC-d flow. The timer module may be 
configured to indicate the maximum allowable transmission 
time for a logical channel (i.e., dedicated control channel 
(DCCH), dedicated traffic channel (DTCH), common control 
channel (CCCH), etc.). The values for the timer module may 
be preconfigured or signaled to the WTRU 210. The timers 
may be activated upon the WTRU’s 210 first transmission, 
once an E-DCH resource index is received. The WTRU may 
be configured to release an E-DCH resource upon expiry of its 
associated timer. For example, the WTRU 210 may be con 
figured to release a common E-DCH resource when the maxi 
mum common E-DCH resource allocation time for the 
CCCH has been reached. This embodiment would allow the 
flexibility to configure a smaller transmission time duration 
for a logical channel such as the CCCH. 
The timer module may also be configured based on logical 

channel identity and the absence of an E-DCH radio network 
temporary identifier (E-RNTI). More specifically, a maxi 
mum E-DCH allocation time may be allocated to the CCCH 
transmission when an E-RNTI is not present. If the timer 
expires, and the WTRU 210 that is performing a CCCH 
transmission does not have the E-RNTI present, the E-RACH 
access is terminated and the resources are released. If a 
CCCH transmission is occurring and an E-RNTI is present, 
(which may occur during period cell update procedure) then 
the WTRU 210 is not configured to have a maximum E-DCH 
allocation time and the timer will not affect the WTRU 210. 

Alternatively, the network may configure the transmission 
duration timer based on the presence or absence of an 
E-RNTI. The WTRU 210 may be configured to have a maxi 
mum E-DCH allocation time if it has data (user plane or 
control plane) to transmit and no E-RNTI is present. Other 
wise if an E-RNTI is present the WTRU 210 is not configured 
with a maximum E-DCH allocation time. 

FIG. 5 shows a diagram of triggers for starting the timer 
that the WTRU210 may initiate for the timers T and T, 500. 
The timers such as collision resolution T and CCCH timer T. 
are started according to one of the triggers 501 to 505. This 
embodiment may include any combination of at least one of 
the shown trigger 501-505 for starting the timer 506. The 
timer may start if an ACK associated to the preamble signa 
ture transmitted is received on the AICH or E-AICH501. The 
timer may start as soon as the radio resource control (RRC) 
provides the MAC with the timer values, and after receiving 
the E-DCH resource index 502. The timer may start if the 
WTRU 210 starts the first dedicated physical control channel 
(DPCCH) preamble transmission 503. The timer may start 
when the initial DPCCH transmission is completed after 
E-DCH transmission backoff transmission time intervals 
(TTIs) or the first MAC protocol data unit (PDU) is passed to 
the physical layer 504. Or, the timer may start when the 
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WTRU 210 starts the E-DCH transmission 505. In addition, 
the WTRU 210 may initiate the timer when the collision 
resolution E-DCH absolute grant channel (E-AGCH) carry 
ing the WTRU 210 E-RNTI is received. Other triggers may 
also be used as designed. 5 

Alternatively, the WTRU 210 timer module may be con 
figured such that the length of time available to the WTRU 
210 is based on the number of data bits that need to be 
transmitted. The length of the time variable to the WTRU210 
may also be based on the number of radio link controller 10 
(RLC) or MAC PDUs. Additionally, it may also be based on 
the number of RLC service data units (SDUs). 

Alternatively, the E-RACH message duration may be fixed 
at either 10 msec or 20 msec (as is specified in the current 
3GPP standards). As a result, the E-RACH message phase 15 
may be active for a maximum number of frames or Sub 
frames. An E-RACH message duration information element 
(IE) may be broadcast as part of the system information 
broadcast (SIB), or may be included as part of L1 signaling. 
For example, the E-RACH message duration IE may be trans- 20 
mitted with the initial resource assignment or during the 
collision resolution phase. In addition, the E-RACH message 
duration may be linked to an access service class. 

Alternatively, the WTRU 210 may count the number of 
transmissions and retransmissions and use the count as a 25 
trigger to stop the transmission of the E-RACH message 
phase. For example, if the WTRU 210 is configured for repeat 
automatic repeat request (ARQ) type of operation and trans 
mission on consecutive TTIs, then the WTRU may be con 
figured to terminate the transmission of the E-RACH message 30 
phase after K retransmissions. It is noted that the value of K 
may be preconfigured in the WTRU, broadcasted as part of 
the SIB, or signaled during the E-RACH allocation phase. 

FIG. 6 is a flow diagram of a method to release E-DCH 
resources based on the status of a WTRU’s 210 queue or 35 
buffer. When the WTRU 210 has data in the transmit buffer, 
the WTRU 210 may transmit the data 605. After a transmis 
sion, the WTRUs 210 may check if the transmit buffer is 
empty 610. If the transmit buffer is not empty, then the WTRU 
210 will transmit the data that is in the buffer 605. If the 40 
transmit buffer is empty 610 (i.e., the Total E-DCH Buffer 
Status (TEBS) is equal to zero), optionally it is checked if an 
inactivity timer has expired 615. If the inactivity timer has 
expired, then the WTRU 210 may be configured to transmit a 
special or reserved value of the SI where TEBS is set to zero 45 
620. The WTRU 210 may be configured to release E-DCH 
resource 630 after the inactivity timer has expired 615, 
wherein the inactivity timer is started once the TEBS is equal 
to Zero. The WTRU 210 is considered to be inactive, if no UL 
or downlink (DL) traffic has been received. Alternatively, the 50 
implicit release timers (i.e., the inactivity timer) may be 
restarted based on a trigger mechanism when the WTRU 210 
decodes its H-RNTI on the high speed shared control channel 
(HS-SCCH). Once the inactivity timer has expired, the 
WTRU 210 may be configured to transmit a special or 55 
reserved value of the SI 620. For example, the special or 
reserved value of the SI may comprise a TEBS with a value set 
to zero 620. The SI with the TEBS set to zero may be used to 
signal to the network for releasing the resources. After Suc 
cessfully transmitting the SI and emptying the HARQ buffers 60 
625, the WTRU 210 releases the E-DCH resources 630. 

Alternatively, the WTRU 210 may transmit a signal to the 
network indicating to release the resources. The signal may 
comprise a special combination of the SI and a Happy Bit, a 
new MAC signaling, where a special combination of MAC 65 
header fields may be re-interpreted. Alternatively, a field may 
be added in the enhanced MAC-e header or MAC-e trailer 

6 
denoting a request to terminate transmission of the E-RACH 
message phase. For example, the WTRU 210 may transmit 
this signal to the network via a reserved data description 
indicator (DDI) combination. In another alternative, the sig 
nal may be a new RRC message; special value of the 
enhanced transport format combination index (E-TFCI) field 
in the E-DPCCH or a special combination of the E-DPCCH 
fields; or, a new Ll message. The final decision to release the 
resources may be determined by the network; which may 
indicate the release of resources back to the WTRU 210. 
Alternatively, the WTRU 210 may simply stop transmission 
of the E-DCH as a means to indicate the termination of the 
E-RACH message phase, at which point the network may 
release the radio resources. 

Alternatively, the timer module may be configured to start 
when the WTRU 210 has transmitted all PDUs which were 
present when the E-RACH was initiated, or the buffer has 
passed a predetermined threshold level. The threshold level 
may be an absolute value or based on a relative measure using 
the initial queue size. 

Releasing the resources upon the transmission of all PDUs 
in the buffer that pass a predetermined threshold level, may 
free up the E-RACH resources for other WTRUs 210. For 
example, the threshold levels may be set to allow the network 
to tradeoff fairness between WTRUs 210 and transmission 
delay. These levels may be configured through system infor 
mation or they may be preconfigured in the WTRU 210. 

In addition, there may be procedures for physical layer that 
may trigger a termination of the E-RACH message transmis 
Sion. This includes cell reselection and measurements con 
trolled by the FACH measurement occasions or detection of 
radio link (RL) failure. 

Alternatively, the WTRU 210 may suspend all transmis 
sion during the measurement occasion. Also, the scheduler at 
the Node-B 220 may be aware of the measurement occasion 
and may also suspend any grant, ACK, or NACK downlink 
transmission. Upon resuming normal operation, the network 
may optionally transmit an initial grant so that the power 
control loop may be re-established. Or, the network may wait 
for an indication from the WTRU210 using a preamble power 
ramp or similar procedure. Optionally, the WTRU 210 may 
indicate the reason for termination in the termination signal or 
the termination message. Reasons for E-RACH termination 
may include a RL failure and E-RACH transmission com 
plete. 

FIG. 7 shows a flow diagram of a network configured to 
determine termination of an E-RACH message transmission 
700. The termination of the E-RACH message phase may be 
established by the network based on the reception of the 
amount of data indicated in an initial SI 705 by the Universal 
Mobile Telecommunications System (UMTS) Terrestrial 
Radio Access Network (UTRAN). Alternatively, it may be 
established based on the UTRAN receiving the amount of 
data indicated in Subsequent SIS or indicated using a different 
mechanism. The UTRAN may use the values of SI to deter 
mine when to terminate the message transmission. More spe 
cifically, an SI with TEBS set to Zero 710 signals to the 
network that the WTRU 210 is releasing the resources once 
the transmission of data in the HARQ buffers is completed. 
The UTRAN releases E-DCH resources 720 after SI with 
TEBS set to Zero is received and there is no more HARQ 
transmission 715. 

Alternatively, the UTRAN may simply turn off transmis 
sion of the associated F-DPCH and explicit additional signal 
ing is not used. This approach may be used in the case where 
both the WTRU 210 and the network are aware that the 
transmission is to be terminated. 
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Alternatively, SI may be transmitted every time the buffer 
occupancy changes. Alternatively, an SI may be transmitted 
every time the buffer occupancy changes by a pre-defined or 
signaled amount (i.e., additional data is received in the 
buffer), even if the new data is not from higher priority logical 
channels. If the TEBS is equal to Zero then the SI triggering 
mechanism may be modified to allow the SI to be transmitted. 
The SI with TEBS set to zero signals to the network that the 
WTRU is releasing the resources once the transmission of 
data in the HARQ buffers is completed and the UTRAN also 
releases the E-DCH resources. Alternatively, an SI may be 
transmitted in every HARQ transmission when the WTRU 
210 is in CELL FACH state or occupying E-RACH 
SOUCS. 

In another termination option, the UTRAN may explicitly 
signal the end of the E-RACH transmission. Once the 
UTRAN determines the end of the E-RACH message trans 
mission, it signals to the WTRU 210 by transmitting a special 
value over the E-AGCH (e.g., a 0 grant). Or, the UTRAN 
signals to the WTRU 210 by transmitting an RRC message 
over the FACH or over the High Speed Downlink Shared 
channel (HS-DSCH) if the WTRU 210 is configured for HS 
DSCH in CELL FACH state. Alternatively, the network sig 
nals to the WTRU 210 by using L1 signaling. This may 
include stopping the fractional dedicated physical channel 
(F-DPCH) or transmitting a flag or combination of pre-deter 
mined fields on the HS-SCCH if the WTRU210 is configured 
for HS-DSCH in CELL FACH state, for example, using an 
HS-SCCH order. 

Alternatively, the termination of the E-RACH message 
may be established based on a lack of activity on the enhanced 
dedicated physical data channel (E-DPDCH) or enhanced 
DPCCH (E-DPCCH) transmission. 
The termination of the E-RACH part may also be estab 

lished based on the status of the WTRU 210 scheduling 
requests. As an example, the UTRAN may monitor the 
received SI or Happy Bit status. If this information indicates 
low usage, the network may decide to terminate the current 
transmission of the E-RACH message so that the other 
WTRUs 210 may have an opportunity to access the resources. 
Alternatively, if this information indicates high usage and 
continued need with the Happy Bit set to unhappy, then the 
UTRAN may decide to transition the WTRU 210 to CELL 
DCH state. As another alternative, the UTRAN may use the 

traffic volume measurement report (such as uplink RRC mea 
surement report) to determine that the WTRU 210 does not 
have any further data or a small amount of data to transmit. 

Alternatively, the UTRAN may implicitly signal the 
WTRU 210 to release the E-RACH resource by not transmit 
ting predefined physical channels or signals for a predeter 
mined amount of time. In other words, the WTRU 210 
releases the E-RACH resources if it does not receive any 
transmission from the UTRAN on either channel E-AGCH 
destined to the WTRU 210, E-RGCH associated with 
E-RACH resource that is used by the WTRU 210, F-DPCH 
associated with the E-RACH resource that is used by the 
WTRU210, and/or, HS-SCCH or high speed physical down 
link shared channel (HS-PDSCH) that is destined to the 
WTRU 210. 

Optionally, the UTRAN may indicate the reason for termi 
nation in the termination signal or termination message. Rea 
sons for E-RACH termination may include, but are not lim 
ited to an RL failure, completion of the E-RACH 
transmission, and network congestion. 

FIG. 8 is a flow diagram of the E-DCH resources released 
when the WTRU 210 transitions from the CELL FACH state 
to the CELL DCH state. The WTRU 210 operates without 
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8 
any E-DCH resources allocated 805. Upon receiving an 
E-DCH resource assignment on the AICH or E-AICH or a 
NACK on the AICH followed by a resource assignment index 
over the E-AICH, which may also be referred to as the WTRU 
210 receiving an E-DCH index, the WTRU 210 may access 
the E-DCH resources allocated to it in the CELL FACH state 
810. The WTRU 210 retains control of the E-DCH resources 
until it receives a reconfiguration message, (e.g., via the 
FACH or the HS-DSCH), indicating that a switch to the 
CELL DCH state may be performed. The E-DCH resources 
are then released 815. And, the WTRU 210 may transition to 
the CELL DCH state 820. If the UTRAN reconfigures the 
WTRU 210 to the CELL DCH state with dedicated E-DCH 
resources while the WTRU 210 is transmitting over the 
E-RACH, then the WTRU 210 may release the E-RACH 
resources at the activation time that is specified in the recon 
figuration message in the case of synchronous reconfigura 
tion. Alternatively, the WTRU 210 may release the E-RACH 
resources at a fixed delay prior to or after the activation time. 
Alternatively, the WTRU 210 may release the E-RACH 
resources immediately upon reception of the RRC reconfigu 
ration message. 

Additionally, the WTRU 210 may be configured to release 
the E-RACH resources at the same time as it configures itself 
for a transmission over the dedicated E-DCH resources. 
Alternatively, the WTRU 210 may release the E-RACH 
resources at a fixed delay prior to or after configuring itself for 
transmission using the dedicated E-DCH resources; or, 
release the E-RACH resources once the WTRU 210 is fully 
synchronized with the UTRAN with the dedicated E-DCH 
SOUCS. 

FIG. 9 is a flow chart of a procedure for releasing the 
E-DCH resources while in the CELL FACH state or idle 
mode, when the E-RACH termination triggers occur. The 
WTRU210 begins the E-RACH termination process905. The 
WTRU 210 may be configured to stop any E-AGCH, 
E-RGCH, and E-HICH reception procedures that are occur 
ring 910. The WTRU 210 may be further configured to stop 
any E-DPCCH and E-DPDCH transmission procedures that 
are occurring 915. The WTRU210 may then perform a MAC 
reset procedure 920 and release HARQ buffers 930. The 
enhanced MAC-eles reset procedure may include flushing the 
HARO processes, discarding any remaining segments in the 
segmentation entity of the enhanced MAC-efes and resetting 
the CURRENT transmission sequence number (TSN) value 
to Zero. Alternatively, if the remaining segment is from a 
DTCH or a DCCH logical channel the WTRU 210 may 
resume transmission of the segment at a remaining process. 
An indication may be transmitted to the SRNC 240 via Iub 
signaling to discard any stored segment and reset the TSN 
reordering numbers. 

If the E-DCH has terminated and the DTCH or the DCCH 
transmission is active, the WTRU 210 may flush the HARQ 
processes 930 and discard any remaining segments in the 
segmentation entity of the MAC-i/is. 
The other logical channels or queues of the MAC-i/is entity 

that do not correspond to the CCCH are not reset. The Node-B 
220 may be configured to perform a reset of the MAC-is entity 
of the CCCH. In other words, any segment may be discarded 
and the expected TSN is set to its initial value. If the MAC-is 
entity is in the CRNC 230, Node-B 220 uses Iub signaling 
indicating to the MAC-is entity to perform a reset. In addition, 
the MAC-i entity associated to the E-DCH resource is reset 
(i.e., HARQ soft buffers are flushed). 
When the WTRU 210 performs a full MAC-i/is reset, the 

MAC-is entity in the SRNC 240 may be notified via a new 
Iub/Iur signaling that E-RACH access has been terminated: 
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thus MAC-is entity in the SRNC 240 may also perform a 
reset. More specifically, when the Node-B 220 terminates the 
E-DCH connection with the WTRU 210, it releases the 
E-DCH resources, flushes the HARQ buffers, and notifies the 
SRNC 240 or CRNC 230 that the connection has been termi 
nated and thus the CRNC 230 or SRNC 240 also perform a 
reset of the MAC. The CRNC 230 or SRNC 240 is notified via 
Iub or Iur signaling. A new control bit may be introduced in 
the Ilub or Iur frame format or a new frame format may be 
defined to signal to the SRNC 240 or CRNC 230 the release 
of the resources. 

Also, optionally, the reset of the MAC-i?is or only discard 
ing of the segments may be performed after a time interval 
(Tr) because the termination of the E-RACH resource. The 
timer is also initiated in the network side. Tr may be a system 
configured timer signaled to the WTRU 210 via RRC mes 
sage, via system information block (SIB), or preconfigured in 
the WTRU 210. The timer is initiated as soon as the E-DCH 
resources are terminated in the WTRU 210. 
The WTRU 210 may be configured to stop the timer if it is 

running and if the WTRU 210 attempts to perform E-RACH 
access. Also, the WTRU 210 may also stop the timer, if the 
WTRU 210 attempts the E-RACH access and obtains the 
E-DCH resources assigned, or the WTRU 210 obtains the 
E-DCH resources assigned and resolves the contention reso 
lution phase. 

Alternatively, the WTRU 210, the Node-B 220 and/or the 
RNCs may be configured with a TSN RESET TIMER, 
wherein the WTRU 210 is configured to perform a TSN reset 
when the timer expires. Optionally, the WTRU 210 may per 
form a full enhanced MAC-e?es reset procedure when the 
timer expires. 

The E-DCH resources are released when a transition from 
CELL FACH to CELL DCH occurs. 
The WTRU210 and the RNC may reset the value of the last 

used TSN number (i.e., CURRENT TSN) to the initial value 
upon the release of the E-DCH resource set being used by the 
WTRU 210. The WTRU 210 and the RNC may each include 
synchronized timers, wherein the expiry of the timer signals 
the release of the E-DCH resources. After the timer expires 
and the resources are released, the WTRU 210 may reset the 
TSN and optionally perform a full enhanced MAC-e?es reset 
procedure. 

Alternatively, the UTRAN may order the release of the 
resources. The UTRAN may signal the WTRU indicating that 
the resources must be released. In this case, upon reception of 
the message, the WTRU 210 and UTRAN reset the TSN to an 
initial value. 

Alternatively, the TSN number may be reset upon the expi 
ration of an inactivity timer. In this case, an inactivity timer 
may be started in both the WTRU 210 and the network after 
the last MAC-e PDU is transmitted and received, respec 
tively. If the timer expires, the WTRU210 and the RNC resets 
the TSN to its initial value. Optionally, a full enhanced MAC 
efes reset procedure may be performed. 

In another alternative, the TSN number may not reset. The 
last TSN values used are stored in memory and continuously 
incremented for each new transmission, regardless of the 
E-DCH resource set being used or the time in which the 
transmission is taking place. 

Alternatively, the TSN number may be set to its initial 
value and optionally a full enhanced MAC-e/es reset may take 
place when a cell reselection occurs. Resetting the TSN or the 
MAC-eles may always occur after the WTRU 210 performs 
cell reselection. Alternatively, it may only occur when a serv 
ing radio network subsystem (SRNS) relocation occurs. The 
RNC may signal the TSN reset via an explicit enhanced 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
MAC-eles reset indicator or the WTRU 210 may implicitly 
detect that SRNS relocation has occurred due to the presence 
or the change of a new UTRAN RNTI (U-RNTI). 

Although features and elements are described above in 
particular combinations, each feature or element may be used 
alone without the other features and elements or in various 
combinations with or without other features and elements. 
The methods or flow charts provided herein may be imple 
mented in a computer program, Software, or firmware tangi 
bly embodied in a computer-readable storage medium for 
execution by a general purpose computer or a processor. 
Examples of computer-readable storage mediums include a 
read only memory (ROM), a random access memory (RAM), 
a register, cache memory, semiconductor memory devices, 
magnetic media such as internal hard disks and removable 
disks, magneto-optical media, and optical media Such as CD 
ROM disks, and digital versatile disks (DVDs). 

Suitable processors include, by way of example, a general 
purpose processor, a special purpose processor, a conven 
tional processor, a digital signal processor (DSP), a plurality 
of microprocessors, one or more microprocessors in associa 
tion with a DSP core, a controller, a microcontroller, Appli 
cation Specific Integrated Circuits (ASICs), Field Program 
mable Gate Arrays (FPGAs) circuits, any other type of 
integrated circuit (IC), and/or a state machine. 
A processor in association with Software may be used to 

implement a radio frequency transceiver for use in a wireless 
transmit receive unit (WTRU), user equipment (UE), termi 
nal, base station, radio network controller (RNC), or any host 
computer. The WTRU may be used in conjunction with mod 
ules, implemented in hardware and/or software, such as a 
camera, a video camera module, a videophone, a speaker 
phone, a vibration device, a speaker, a microphone, a televi 
sion transceiver, a hands free headset, a keyboard, a Blue 
tooth R module, a frequency modulated (FM) radio unit, a 
liquid crystal display (LCD) display unit, an organic light 
emitting diode (OLED) display unit, a digital music player, a 
media player, a video game player module, an Internet 
browser, and/or any wireless local area network (WLAN) or 
Ultra Wide Band (UWB) module. 

What is claimed is: 
1. A method performed by a wireless transmit/receive unit 

(WTRU) to communicate with a base station using an 
enhanced dedicated channel (E-DCH) resource while in a cell 
forward access channel (CELL FACH) state, the method 
comprising: 

determining if a E-DCH buffer is empty; 
transmitting to the base station scheduling information 

(SI), wherein the SI includes a total E-DCH buffer status 
(TEBS) equal to zero when the E-DCH buffer is deter 
mined to be empty; 

determining if a hybrid automatic repeat request (HARQ) 
buffer is empty; 

and 
releasing the E-DCH resource when the transmission of the 

SI with the TEBS equal to Zero has been made and the 
HARQ buffer is empty. 

2. The method as in claim 1, further comprising starting an 
inactivity timer when the E-DCH buffer is empty. 

3. The method as in claim 2, further comprising triggering 
the transmission of the SI when the inactivity timer expires. 

4. The method as in claim 1, further comprising transmit 
ting using the E-DCH resource when a response is received 
on an E-DCH acquisition indication channel (E-AICH) to a 
preamble transmitted by the WTRU. 
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5. The method as in claim 1, further comprising completing transmitting to the base station scheduling information 
an E-DCH transmission when a cell reselection or a radio link (SI), wherein the SI includes a total E-DCH buffer status 
failure occurs. (TEBS) equal to zero for the empty E-DCH buffer; 

6. A wireless transmit/receive unit (WTRU) capable of determining if a last hybrid automatic repeat request 
communicating with a base station using an enhanced dedi- 5 (HARQ) buffer is empty; and 
cated channel (E-DCH) resource while in a cell forward releasing the E-DCH resource when the transmission of the 
access channel (CELL FACH) state, the WTRU comprising: SI with the TEBS equal to Zero has been made and the 

a E-DCH buffer; last HARQ buffer is empty. 
a transmitter; 
a hybrid automatic repeat request (HARQ) buffer; and 10 
a processor; 
wherein the processor: 

determines if the E-DCH buffer is empty; 
causes the transmitter to transmit to the base station exp1res. 

scheduling information (SI), wherein the SI includes 15 19. The method as in claim 16, further comprising trans 
a total E-DCH buffer status (TEBS) equal to zero for mitting using the E-DCH resource when a response is 

17. The method as in claim 16, further comprising starting 
an inactivity timer when the E-DCH buffer is empty. 

18. The method as in claim 17, further comprising trigger 
ing the transmission of the SI when the inactivity timer 

the E-DCH buffer when the processor has determined received on an E-DCH acquisition indication channel 
that the E-DCH buffer is empty; (E-AICH) to a preamble transmitted by the WTRU. 

determines if the HARQ buffer is empty; and 20. The method as in claim 16, further comprising com 
releases the E-DCH resource when the transmission of 20 pleting an E-DCH transmission when a cell reselection or a 

the SI with the TEBS equal to zero has been made and radio link failure occurs. 
the HARQ buffer is empty. 21. A method performed by a wireless transmit/receive unit 

7. The WTRU as in claim 6, wherein the processor com- (WTRU) to communicate with a base station using an 
pletes an E-DCH transmission when a cell reselection or a enhanced dedicated channel (E-DCH) resource while in a cell 
radio link failure occurs. 25 forward access channel (CELL FACH) state, the method 

8. The WTRU as in claim 6, wherein the processor starts an comprising: 
inactivity timer when the E-DCH buffer is empty. determining that a E-DCH buffer is empty; 

9. The WTRU as in claim 8, wherein the transmitter trans- transmitting to the base station scheduling information 
mits the SI when the inactivity timer expires. (SI), wherein the SI includes a total E-DCH buffer status 

10. The WTRU as in claim 6, wherein the transmitter 30 (TEBS) equal to zero for the empty E-DCH buffer; and 
transmits using the E-DCH resource when a response is releasing the E-DCH resource when the transmission of the 
received on an E-DCH acquisition indication channel SI with the TEBS equal to zero has been made and a 
(E-AICH) to a preamble transmitted by the WTRU. hybrid automatic repeat request (HARQ) buffer is 

11. A wireless transmit/receive unit (WTRU) capable of empty. 
communicating with a base station using an enhanced dedi- 35 22. The method as in claim 21, further comprising starting 
cated channel (E-DCH) resource, the WTRU comprising: an inactivity timer when the E-DCH buffer is empty. 

a transmitter; and 23. The method as in claim 22, further comprising trigger 
a processor; ing the transmission of the SI when the inactivity timer 
wherein the processor: expires. 

determines if an E-DCH buffer is empty; 40 24. The method as in claim 21, further comprising trans 
transmits to the base station scheduling information mitting using the E-DCH resource when a response is 

(SI), wherein the SI includes a total E-DCH buffer received on an E-DCH acquisition indication channel 
status (TEBS) equal to zero for the E-DCH buffer (E-AICH) to a preamble transmitted by the WTRU. 
when the processor has determined that the E-DCH 25. The method as in claim 21, wherein an E-DCH trans 
buffer is empty; 45 mission is completed when a cell reselection or a radio link 

determines if a last hybrid automatic repeat request failure occurs. 
(HARO) data transmission has been made; and 26. A wireless transmit/receive unit (WTRU) capable of 

releases the E-DCH resource when the transmission of communicating with a base station using an enhanced dedi 
the SI with the TEBS equal to zero has been made and cated channel (E-DCH) resource while in a cell forward 
the last HARQ data transmission has been made. 50 access channel (CELL FACH) state, the WTRU comprising: 

12. The WTRU as in claim 11, wherein the processor a E-DCH buffer; 
completes an E-DCH transmission when a cell reselection or a transmitter, 
a radio link failure occurs. a hybrid automatic repeat request (HARQ) buffer; and 

13. The WTRU as in claim 11, wherein the processor starts a processor; 
an inactivity timer when the E-DCH buffer is empty. 55 wherein the processor: 

14. The WTRU as in claim 13, wherein the transmitter determines if the E-DCH buffer is empty; 
transmits the SI when the inactivity timer expires. causes the transmitter to transmit to the base station 

15. The WTRU as in claim 11, wherein the transmitter scheduling information (SI), wherein the SI includes 
transmits using the E-DCH resource when a response is a total E-DCH buffer status (TEBS) equal to zero for 
received on an E-DCH acquisition indication channel 60 the E-DCH buffer when the processor has determined 
(E-AICH) to a preamble transmitted by the WTRU. that the E-DCH buffer is empty; and 

16. A method performed by a wireless transmit/receive unit releases the E-DCH resource when the transmission of 
(WTRU) to communicate with a base station using an the SI with the TEBS equal to zero has been made and 
enhanced dedicated channel (E-DCH) resource while in a cell the HARQ buffer is empty. 
forward access channel (CELL FACH) state, the method 65 27. The WTRU as in claim 26, wherein the processor 
comprising: completes an E-DCH transmission when a cell reselection or 

determining that a E-DCH buffer is empty; a radio link failure occurs. 
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28. The WTRU as in claim 26, wherein the processor starts 
an inactivity timer when the E-DCH buffer is empty. 

29. The WTRU as in claim 28, wherein the processor 
causes the transmitter to transmit the SI when the inactivity 
timer expires. 

30. The WTRU as in claim 26, wherein the transmitter 
transmits using the E-DCH resource when a response is 
received on an E-DCH acquisition indication channel 
(E-AICH) to a preamble transmitted by the WTRU. 

31. A wireless transmit/receive unit (WTRU) capable of 
communicating with a base station using an enhanced dedi 
cated channel (E-DCH) resource, the WTRU comprising: 

a transmitter; and 
a processor; 
wherein the processor: 

determines if an E-DCH buffer is empty; 
causes the transmitter to transmit to the base station 

scheduling information (SI), wherein the SI includes 
a total E-DCH buffer status (TEBS) equal to zero for 
the E-DCH buffer when the processor has determined 
that the E-DCH buffer is empty; and 

releases the E-DCH resource when the transmission of 
the SI with the TEBS equal to zero has been made and 
a last hybrid automatic repeat request (HARQ) data 
transmission has been made. 

32. The WTRU as in claim 31, the processor completes an 
E-DCH transmission when a cell reselection or a radio link 
failure occurs. 

33. The WTRU as in claim 31, wherein the processor starts 
an inactivity timer when the E-DCH buffer is empty. 

34. The WTRU as in claim 33, wherein the processor 
causes the transmitter to transmit the SI when the inactivity 
timer expires. 

35. The WTRU as in claim 31, wherein the transmitter 
transmits using the E-DCH resource when a response is 
received on an E-DCH acquisition indication channel 
(E-AICH) to a preamble transmitted by the WTRU. 

36. A method performed by a wireless transmit/receive unit 
(WTRU) to communicate with a base station using an 
enhanced dedicated channel (E-DCH) resource while in a cell 
forward access channel (CELL FACH) state, the method 
comprising: 

determining that a E-DCH buffer is empty; 
transmitting to the base station scheduling information 

(SI), wherein the SI includes a total E-DCH buffer status 
(TEBS) equal to zero for the empty E-DCH buffer; and 

releasing the E-DCH resource when the transmission of the 
SI with the TEBS equal to Zero has been made and a last 
hybrid automatic repeat request (HARQ) buffer is 
empty. 

37. The method as in claim 36, further comprising starting 
an inactivity timer when the E-DCH buffer is empty. 

38. The method as in claim 37, further comprising trigger 
ing the transmission of the SI when the inactivity timer 
expires. 

39. The method as in claim 36, further comprising trans 
mitting using the E-DCH resource when a response is 
received on an E-DCH acquisition indication channel 
(E-AICH) to a preamble transmitted by the WTRU. 

40. The method as in claim 36, further comprising com 
pleting an E-DCH transmission when a cell reselection or a 
radio link failure occurs. 

41. A method performed by a wireless transmit/receive unit 
(WTRU) to communicate with a base station using an 
enhanced dedicated channel (E-DCH) resource while in a cell 
forward access channel (CELL FACH) state, the method 
comprising: 

14 
transmitting to the base station scheduling information (SI) 

including a total E-DCH buffer status (TEBS) equal to 
Zero; and 

releasing the E-DCH resource when the transmission of the 
5 SI with the TEBS equal to Zero has been made and a 

hybrid automatic repeat request (HARQ) buffer is 
empty. 

42. The method as in claim 41, further comprising starting 
an inactivity timer when the E-DCH buffer is empty. 

43. The method as in claim 42, further comprising trigger 
ing the transmission of the SI when the inactivity timer 
expires. 

44. The method as in claim 41, further comprising trans 
mitting using the E-DCH resource when a response is 
received on an E-DCH acquisition indication channel 
(E-AICH) to a preamble transmitted by the WTRU. 

45. The method as in claim 41, further comprising com 
pleting an E-DCH transmission when a cell reselection or a 
radio link failure occurs. 

46. An apparatus capable of communicating with a base 
station using an enhanced dedicated channel (E-DCH) 
resource while in a cell forward access channel (CELL 
FACH) state, the apparatus comprising: 

an E-DCH buffer; 
a transmitter, 
a hybrid automatic repeat request (HARQ) buffer; and 
a processor, 
wherein the processor: 

causes the transmitter to transmit to the base station 
scheduling information (SI) including a total E-DCH 
buffer status (TEBS) equal to zero; and 

releases the E-DCH resource when the transmission of 
the SI with the TEBS equal to zero has been made and 
the HARQ buffer is empty. 

47. The apparatus as in claim 46, wherein the processor 
completes an E-DCH transmission when a cell reselection or 
a radio link failure occurs. 

48. The apparatus as in claim 46, wherein the processor 
starts an inactivity timer when the E-DCH buffer is empty. 

49. The apparatus as in claim 48, wherein the processor 
causes the transmitter to transmit the SI when the inactivity 
timer expires. 

50. The apparatus as in claim 46, wherein the processor 
causes the transmitter to transmit an E-DCH transmission to 
the base station when a response is received on an E-DCH 
acquisition indication channel (E-AICH) to a preamble trans 
mitted by the WTRU. 

51. A wireless transmit/receive unit (WTRU) capable of 
communicating with a base station using an enhanced dedi 
cated channel (E-DCH) resource, the WTRU comprising: 

a transmitter, and 
a processor, 
wherein the processor: 
causes the transmitter to transmit to the base station sched 

uling information (SI) including a total E-DCH buffer 
status (TEBS) equal to Zero; and 

releases the E-DCH resource when the transmission of the 
SI with the TEBS equal to Zero has been made and a last 
hybrid automatic repeat request (HARO) data transmis 
sion has been made. 

52. The WTRU as in claim 51, wherein the processor 
completes an E-DCH transmission when a cell reselection or 

65 a radio link failure occurs. 
53. The WTRU as in claim 51, wherein the processor starts 

an inactivity timer when the E-DCH buffer is empty. 
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54. The WTRU as in claim 53, wherein the processor 
causes the transmitter to transmit the SI when the inactivity 
timer expires. 

55. The WTRU as in claim 51, wherein the transmitter 
transmits using the E-DCH resource to the base station when 
a response is received on an E-DCH acquisition indication 
channel (E-AICH) to a preamble transmitted by the WTRU. 

56. A method performed by a wireless transmit/receiver 
unit (WTRU) to communicate with a base station using an 
enhanced dedicated channel (E-DCH) resource while in a cell 
forward access channel (CELL FACH) state, the method 
comprising: 

transmitting to the base station scheduling information (SI) 
including a total E-DCH buffer status (TEBS) equal to 
Zero; and 

releasing the E-DCH resource when the transmission of the 
SI with the TEBS equal to Zero has been made and a last 
hybrid automatic repeat request (HARQ) buffer is 
empty. 

57. The method as in claim 56, further comprising starting 
an inactivity timer when the E-DCH buffer is empty. 

58. The method as in claim 57, further comprising trigger 
ing the transmission of the SI when the inactivity timer 
expires. 

59. The method as in claim 56, further comprising trans 
mitting using the E-DCH resource to the base station when a 
response is received on an E-DCH acquisition indication 
channel (E-AICH) to a preamble transmitted by the WTRU. 

60. The method as in claim 56, further comprising com 
pleting an E-DCH transmission when a cell reselection or a 
radio link failure occurs. 

61. An apparatus comprising: 
a receiver, 
a transmitter; and 
a processor, 
wherein the processor: 
allocates an enhanced uplink (EU) resource and an associ 

ated hybrid automatic repeat request (HARQ) process 
for a wireless transmit receive unit (WTRU) based on a 
request received from the WTRU by the receiver; 

causes the transmitter-to transmit to the WTRU informa 
tion regarding the allocated EU resource, and 

releases the allocated EU resource when a scheduling 
information (SI) is received from the WTRU by the 
receiver with an E-DCH buffer status (TEBS) equal to 
Zero and a HARQ transmission associated with the 
HARO process is completed. 

62. The apparatus of claim 61, wherein the processor 
causes the transmitter to transmit the allocated EU resources 
information to the WTRU via an enhanced acquisition indi 
cation channel. 

63. The apparatus of claim 61, wherein the receiver 
receives a random access channel preamble from the WTRU 
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and the transmitter transmits a response to the random access 
channel preamble prior to the transmission of the allocated 
EU resources information. 

64. The apparatus of claim 63, wherein the receiver 
receives EU data from the WTRU after the transmission of the 
allocated EU resources information. 

65. The apparatus of claim 64, wherein the HARQ process 
generates acknowledgments (ACKs) and negative acknowl 
edgements (NACKs) in response to the received EU data, and 
the transmitter transmits the HARQ ACKs and NACKs to the 
WTRU. 

66. The apparatus of claim 61, wherein the HARQ process 
is completed when a HARQ buffer controlled by the HARQ 
process is empty. 

67. The apparatus of claim 61, wherein the apparatus is a 
base station. 

68. A method performed by a base station to communicate 
with a wireless transmit/receive unit (WTRU), the method 
comprising: 

receiving a request from the WTRU: 
allocating an enhanced uplink (EU) resource and an asso 

ciated hybrid automatic repeat request (HARQ) process 
for the WTRU based on the received request; 

transmitting information regarding the allocated EU 
resources to the WTRU: 

and 
releasing the allocated EU resource when a scheduling 

information (SI) is received from the WTRU with an 
E-DCH buffer status (TEBS) equal to zero and a HARQ 
transmission associated with the HARQ process is com 
pleted. 

69. The method of claim 68, further comprising transmit 
ting the allocated EU resources information to the WTRU via 
an enhanced acquisition indication channel. 

70. The method of claim 68, further comprising: 
receiving a random access channel preamble from the 
WTRU; and 

transmitting a response to the random access channel pre 
amble prior to the transmission of the allocated EU 
resources information. 

71. The method of claim 70, further comprising: 
receiving EU data from the WTRU after the transmission 

of the allocated EU resources information. 
72. The method of claim 71, further comprising: 
generating, by the HARQ process, acknowledgments 

(ACKs) and negative acknowledgements (NACKs) in 
response to the received EU data; and 

transmitting the HARQ ACKs and NACKs to the WTRU. 
73. The method of claim 68, wherein the HARQ process is 

completed when a HARQ buffer controlled by the HARQ 
process is empty. 
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1. 

DETECTION, AVOIDANCE AND/OR 
CORRECTION OF PROBLEMATC 

PUNCTURING PATTERNS IN PARTY BIT 
STREAMS USED WHEN IMPLEMENTING 

TURBO CODES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 13/744,984, filed on Jan. 18, 2013, which is a 
continuation of U.S. patent application Ser. No. 13/309,962, 
filed on Dec. 2, 2011, which issued as U.S. Pat. No. 8,359,520 
on Jan. 22, 2013; which is a continuation of U.S. patent 
application Ser. No. 11/974,381 filed on Oct. 12, 2007, which 
issued as U.S. Pat. No. 8,074,143 on Dec. 6, 2011; which is a 
continuation of U.S. patent application Ser. No. 10/725,779, 
filed on Dec. 2, 2003, which issued as U.S. Pat. No. 7,293,217 
on Nov. 6, 2007, which claims the benefit of U.S. Provisional 
Patent Application Ser. No. 60/434,232, filed on Dec. 16, 
2002, Ser. No. 60/444,068, filed on Jan. 30, 2003, Ser. No. 
60/470,921, filed on May 15, 2003, and Ser. No. 60/494.404 
filed on Aug. 11, 2003, which are incorporated by reference 
herein as if fully set forth herein. 

FIELD OF THE INVENTION 

This invention generally relates to the use of Turbo codes in 
general, and, more particularly to a method for detecting and 
correcting performance degradation in punctured Turbo 
codes using a Turbo encoder. 

BACKGROUND 

Wireless communication systems are well known in the art. 
Generally, such systems comprise communication stations 
that transmit and receive wireless communication signals 
between each other. Typically, base stations are provided 
which are capable of conducting wireless concurrent commu 
nications with a plurality of subscriber stations. In Code 
Division Multiple Access (CDMA) systems specified by the 
Third Generation Partnership Project (3GPP), base stations 
are called Node Bs, subscriber stations are called User Equip 
ments (UE) and the wireless interface between the Node Bs 
and UEs is known as the Uu interface. FIG. 1 illustrates a 
typical 3GPP CDMA system. 

The Uu radio interface of a 3GPP communications system 
uses Transport Channels (TrCH) for transfer of user data and 
signaling between UEs and Node Bs. In 3GPP Time Division 
Duplex (TDD) communications, TrCH data is conveyed by 
one or more physical channels defined by mutually exclusive 
physical resources. TrCH data is transferred in sequential 
groups of Transport Blocks (TB) defined as Transport Block 
Sets (TBS). Each TBS is transmitted in a given Transmission 
Time Interval (TTI) which may span a plurality of consecu 
tive system time frames. A typical system time frame is 10 
milliseconds and TTIs are currently specified as spanning 1. 
2, 4 or 8 of such time frames. 

FIG. 2 illustrates the processing of TrCHs in TTD mode 
into a Coded Composite TrCH (CCTrCH) and then into one 
or more physical channel data streams in accordance with 
3GPP TS 25.222 v3.8.0. Starting with the TB of data, Cyclic 
Redundancy Check (CRC) bits are attached and TB concat 
enation and code block segmentation is performed. Convolu 
tion coding or turbo coding is then performed, but in some 
instances no coding is specified. The steps after coding, 
include radio frame equalization, a first interleaving, radio 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
frame segmentation and rate matching. The radio frame seg 
mentation divides the data over the number of frames in the 
specified TTI. The rate matching function operates by means 
of bit repetition or puncturing and defines the number of bits 
for each processed TrCH which are thereafter multiplexed to 
form a CCTrCH data stream. 
The processing of the CCTrCH data stream includes bit 

scrambling, physical channel segmentation, a second inter 
leaving and mapping onto one or more physical channels. The 
number of physical channels corresponds to the physical 
channel segmentation. For uplink transmissions, UE to Node 
B, the maximum number of physical channels for transmis 
sion of a CCTrCH is currently specified as two. For downlink 
transmissions, Node B to UEs, the maximum number of 
physical channels for transmission of a CCTrCH is currently 
specified as sixteen. Each physical channel data stream is then 
spread with a channelization code and modulated for over air 
transmission on an assigned frequency. 

In the reception/decoding of the TrCH data, the processing 
is essentially reversed by the receiving station. Accordingly, 
UE and Node B physical reception of TrCHs require knowl 
edge of TrCH processing parameters to reconstruct the TBS 
data. For each TrCH, a Transport Format Set (TFS) is speci 
fied containing a predetermined number of Transport Formats 
(TF). Each TF specifies a variety of dynamic parameters, 
including TB and TBS sizes, and a variety of semi static 
parameters, including TTI, coding type, coding rate, rate 
matching parameter and CRC length. The predefined collec 
tion of TFSs for the TrCHs of a CCTrCH for a particular 
frame is denoted as a Transport Format Combination (TFC). 

Receiving station processing is facilitated by the transmis 
sion of a Transport Format Combination Indicator (TFCI) for 
a CCTrCH. 3GPP optionally provides for “blind transport 
format detection” by the receiving station, in which case the 
receiving station considers the potential valid TFCIs. Where 
there is only one valid TFCI, that TFCI is used in either case. 

In 3GPP, time slot transmissions are made in predefined 
bursts where the transmitted physical channel data is divided 
into a beginning time slot portion and an ending time slot 
portion. A selected midamble is included between the two 
physical channel data portions. The TFCI is currently speci 
fied as transmitted in two parts on either side of the midamble 
and also between the two physical channel data portions. Two 
examples from 3GPP TR 25.944 V3.5.0 are illustrated in 
FIGS. 3 and 4 respectively where the block labeled MA 
represents the midamble and the block labeled T represents 
the parts of the TFCI. In FIG.4, the CCTrCH is mapped to two 
physical channels, but only one physical channel includes the 
TFCI. 
FIGS.5A, 5B and 6 are diagrams of channel coding and 

multiplexing examples in accordance with 3GPP Frequency 
Division Duplex (FDD) specifications. 
The various encoding steps implemented in communica 

tion systems play a key role in both performance and capacity 
of a wireless telecommunications systems. In particular, the 
turbo coding of the data being processed for wireless trans 
mission plays a significant role for both TDD and FDD com 
munications in a 3GPP system. 

Turbo coding principles have found widespread applica 
tions in information theory and, in part, have entered into 
mainstream telecommunication theory and practice. These 
principles are used in error control, detection, interference 
Suppression, equalization, and other communications-related 
areas. Turbo codes area form of parallel, recursive systematic 
convolution codes, which can be used for channel coding and 
decoding in order to detect and correct errors that may occur 
in the transmission of digital data through different channels. 
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Turbo codes are particularly useful for data transfers in 
which, under certain conditions, the data transfer rate can 
approach the theoretical limits of Shannon's Law. These 
favorable conditions generally include large block size trans 
fers, which are particularly useful in mobile communications. 

FIG. 7 shows how particular codes created by puncturing 
exhibit poorer than expected performance. As much as a 4 dB 
loss can be measured in the critical Signal-to-Noise Ratio 
(SNR) value. 

Typically, high-rate Turbo codes are created by puncturing 
(i.e., eliminating) parity bits of a lower-rate code until the 
desired code rate is attained. Particular codes created by 
puncturing exhibit poorer than expected performance due to 
certain punctured bit patterns. Because the recursive encod 
ing blocks in a Turbo encoder have an infinite impulse 
response, information about each systematic bit is distributed 
across many of the parity bits. 

In any error control coding scheme that employs punctur 
ing, the location of the punctured bits will have an impact on 
performance. This is because puncturing strings of successive 
bits can be viewed as burst errors by the decoder. All error 
control mechanisms can only correct burst errors that are less 
than some threshold. Therefore, it is important when design 
ing the puncturing scheme that the burst error correcting 
abilities of the code be considered. In the absence of specific 
knowledge of the error control coding scheme, a good rule is 
to minimize the maximum string of punctured bits. For high 
coding rates this corresponds to distributing the non-punc 
tured bits uniformly across the transmitted block. Puncturing 
schemes that uniformly distribute the non-punctured bits can 
deleteriously interact with certain error control codes, caus 
ing a degradation of decoder performance. 

Because the recursive encoding blocks in the Turbo 
encoder have infinite impulse response, information about 
each systematic bit is distributed across many of the parity 
bits. The impact of certain periodic non-puncture patterns in 
the parity bits can be qualitatively illustrated by considering 
how much information remains in the Surviving parity bits. 

Regions where performance of the punctured Turbo code is 
degraded can be determined by measuring how close the 
puncturing pattern is to being periodic with period related to 
the period of the semi-periodic impulse response of the recur 
sive encoding blocks of the Turbo encoder. 

For a 3GPP Turbo encoder, the constituent recursive 
encoders have an impulse response that is periodic with a 
period of 7 symbols for positive time (semi-periodic). This 
can readily be seen by interpretation of the encoder as an 
M-sequence generator, i.e., if the shift register starts in the 
Zero state and a one is applied only at t=0, then the encoder is 
exactly a Linear Feedback Shift Register (LFSR) with an 
associated 3rd order primitive polynomial and initial state 1 
0 0}, thus a period 2-1=7 M-sequence is generated for posi 
tive time. 

The encoder is a Linear Time Invariant (LTI) system on a 
binary field. Therefore, the output of the encoder is a sum of 
shifted versions of the impulse response of the encoder, each 
shifted impulse response corresponding to the locations of the 
1's in the TB. If we consider an input that is all O’s for td.T. 
then the output of the constituent recursive encoding block 
will also be semi-periodic for td.T. 

Certain non-puncturing periods may result in a loss of 
distributed information about a small group of bits across the 
set of parity bits. For example, let the TB consist of 7 bits 
followed by many Zeros. Now consider the problem of trying 
to determine the seven bits by observation of the output of one 
encoder after heavy puncturing. Each observation is made at 
the output is a sum of a subset of the 7 bits, the subset being 
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4 
determined by the non-puncture period and the impulse 
response of the recursive encoding block. For most non 
puncture patterns (those that have a period relatively prime 
with the period of the semi-periodic impulse response), Sums 
over 7 different subsets can eventually be observed. There 
fore, a system of 7 equations with 7 unknowns can be formed. 
Assuming they are linearly independent, the values of the 7 
bits may be determined. However, consider the case where 
the non-puncture period is simple (one surviving parity bit per 
period) and the same as the period of the recursive encoding 
block, 7. Then every observation for td6 is the sum of the 
same subset of the 7 bits and so no new information is 
obtained, i.e., a rank-1 system of equations is formed and a 
unique Solution does not exist. This is due to the periodic 
nature of the signal. When the non-puncture period is rela 
tively prime with the period of the recursive encoding block, 
a series of observations of the parity bits will eventually form 
a rank-7 system of equations. For our 7-bit group, this is 
Sufficient to uniquely determine the bits, i.e., information 
sufficient to determine the bits are distributed across the Sur 
viving parity bits. When the periods are not relatively prime, 
the rank of the system becomes L/K where L is the period of 
the recursive encoding block and K is the Greatest Common 
Divider (GCD) of L and N where N is the period of the 
non-puncture pattern. 

In the above illustration, a long sequence of Zeros after the 
Small group of bits was Supposed for clarity sake. However, 
allowing additional groups of bits to follow the first group 
does not add to the distributed information about earlier 
groups. This can be seen from the causality of the system. 

It is also possible that some distributed information is lost 
even for non-simple periods, e.g., consider the case where the 
non-puncture pattern alternates between a simple period of 
three and four. This results in a period 7 non-puncture pattern 
but with two Surviving parity bits per period. The same argu 
ment above leads to a rank-2 system of seven equations which 
is still insufficient to uniquely determine the group of bits, but 
does reduce the dimension of the space they may span. 
Clearly, some information about the small group of bits is lost 
for Some non-punctured patterns. 

In order to obtain adequate performance, it is necessary to 
detect, avoid and/or correct the problematic puncturing pat 
terns in the parity bit streams without having to avoid code 
rates. Typically, problematic interactions occur between the 
Turbo coder output and puncturing in the rate matching 
Stages. 

It would be desirable to have a method for creating high 
rate Turbo codes that avoids problematic interactions by 
modifying the puncturing patterns. 

SUMMARY OF THE INVENTION 

According to the present invention, degradations in quality 
of punctured error correction coded transmissions are identi 
fied and the code transmissions are modified accordingly. A 
puncturing pattern which approximates a particular code rate 
is identified, and a value for anticipated degradation is 
adjusted in accordance with a matching of the puncturing 
pattern and the particular code rate. 

For both FDD and TDD, two stages of rate matching and 
two puncturing operations are included, and this is done 
because of a certain technique called, incremental redun 
dancy, which allows for a wireless transmit/receive unit 
(WTRU) to receive and soft combine multiple transmissions 
of the same TB from the base station. If the transmission fails 
the first time, the signal is retransmitted with more data in an 
attempt to obtain a Successful communication the second 
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time. In order to do that, two different stages of puncturing are 
used because the WTRU has certain capabilities, certain 
buffer sizes that it can support, and in order to be able to fit the 
retransmissions that are combined into the buffer, there are 
two stages of puncturing. The first stage of rate matching 
punctures enough bits such that the Surviving bits fit into a 
buffer, and the second stage of puncturing (or repetition) is to 
achieve the desired overall code rate. When the two stages of 
rate matching are combined, a plot of problematic regions of 
coding rate is a multidimensional plot. Thus, there are two 
rates now involved, which are a rate in a first stage of punc 
turing and a rate in a second stage of puncturing. 

According to a first embodiment of the present invention, 
P1/P2 puncturing biasing for a single stage of rate matching is 
implemented using the punctured error correction coded 
transmissions. 

According to a second embodiment, two or more stages 
may be employed at each stage of rate matching for detecting 
and correcting performance in punctured Turbo codes on a 
High Speed Downlink Shared Channel (HS-DSCH) in R5 
High Speed Downlink Packet Access (HSDPA). 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more detailed understanding of the invention may be had 
from the following description of a preferred embodiment, to 
be understood in conjunction with the accompanying draw 
ing wherein: 

FIG. 1 is a schematic diagram of a typical CDMA system 
in accordance with current 3GPP specifications; 

FIG. 2 is a processing diagram of TrCH data for a CCTrCH 
in accordance with 3GPP TDD specifications: 

FIGS. 3 and 4 are diagrams of channel coding and multi 
plexing examples in accordance with 3GPP TDD specifica 
tions; 

FIGS. 5A, 5B and 6 are diagrams of channel coding and 
multiplexing examples in accordance with 3GPPFDD speci 
fications; 

FIG. 7 shows typical results of particular codes being cre 
ated by puncturing, where as much as 4 dB loss can be 
measured in critical SNR value; 

FIG. 8 graphically depicts the SNR required to success 
fully decode a data block (critical SNR) with high probability 
vs. Code Rate when P1/P2 biasing is applied: 

FIG.9 is a plot of the problematic regions with respect to an 
ordered pair (r1,r2) which are the rates of puncturing the 
parity streams in the first and second stages of rate matching, 
respectively; 

FIG. 10 is a schematic block diagram showing a circuit for 
3GPP rate matching for HSDPA, using a Turbo coded HS 
DSCH; and 

FIG. 11 graphically depicts initial Block Error Rate 
(BLER) for HS-DSCH transport blocks with certain effective 
coding rates. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

In accordance with the present invention, several methods 
and embodiments are disclosed for detecting, avoiding and/or 
correcting the problematic puncturing patterns in the parity 
bit streams without having to avoid code rates. 

The present invention is potentially applicable to layers 1 
and 2 in a FDD, CDMA 2000 and TDD Universal Mobile 
Telecommunications System (UMTS) modes of transmission 
as well as other modes of transmission. Additionally, methods 
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6 
are described hereinafter for modifying the puncturing pat 
terns such that performance of degraded Turbo code is 
restored. 

In accordance with the present invention, the methods dis 
closed herein may be implemented in a wireless transmit/ 
receive unit (WTRU) and/or a base station. Hereinafter, a 
WTRU includes but is not limited to a UE, mobile station, 
fixed or mobile Subscriber unit, pager, or any other type of 
device capable of operating in a wireless environment. When 
referred to hereafter, a base station includes but is not limited 
to a base station, Node-B, site controller, access point or other 
interfacing deice in a wireless environment. 

FIG. 8 graphically depicts the SNR required to success 
fully decode a data block (critical SNR) with high probability 
versus Code Rate when biasing of parity bits P1/P2 is applied. 
As shown in FIG. 7, it has been found that particular codes 
created by puncturing the rate 1/3 3GPP Turbo code exhibit 
poorer than expected performance, as can be seen from the 
peaks in the figure. 

FIG.9 is a plot of the problematic regions with respect to an 
ordered pair (r1,r2) which are the rates of puncturing the 
parity streams in the first and second stages of rate matching, 
respectively. As can be seen, there are particular regions 
where the rates of puncturing of the parity streams are Such 
that Some combinations of rates are particularly problematic. 

In one embodiment, puncture biasing for parity bits P1 and 
P2 is implemented for one stage rate matching. FIG. 10 is a 
schematic block diagram showing circuitry 600 for 3GPP rate 
matching for HSDPA, using a Turbo coded HS-DSCH. The 
circuitry 600 implements a 3GPP rate-matching scheme for 
HSDPA. The circuitry 600 includes a bit separation circuit 
605, a first rate matching stage 610, a virtual incremental 
redundancy (IR) buffer 615, a second rate matching stage 620 
and a bit collection circuit 625. The first rate matching stage 
610 includes a Parity 1 (P1) bit rate matching circuit 630 and 
Parity 2 (P2) bit rate matching circuit 635. The second rate 
matching stage 620 includes a systematic bit rate matching 
circuit 640, a Parity 1 (P1) bit rate matching circuit 645 for the 
second rate matching and a Parity 2 (P2) bit rate matching 
circuit 650 for the second rate matching. In operation, the 
systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are pro 
cessed through the first rate matching stage 610, virtual IR 
buffer 615, second rate matching stage 620 and bit collection 
circuit 625. Note that the Parity 1 (P1) and Parity 2 (P2) bits 
are treated separately. The systematic bits, Parity 1 (P1) and 
Parity 2 (P2) bits are combined at the bit collection circuit 625 
to provide a single data output N. Also note that if the 
number of coded bits is less than or equal to the size of the 
virtual IR buffer 615, the first rate matching stage 610 is 
transparent. The transparent first stage case and Rel-4 rate 
matching are considered. 

In its actual implementation, it is anticipated that the dif 
ferent circuit functions will be executed by a common circuit 
or circuits, such as microprocessor circuitry, and in accor 
dance with program instructions. The specific circuit func 
tions used to implement the invention would therefore be a 
matter of choice of those configuring the circuitry within the 
rate matching circuitry 600. 
The rate matching algorithm performs puncturing if the 

overall code rate is greater than 1/3 and repetition if the code 
rate is less than /3. Currently code rates greater than 1/3 are 
accomplished by applying the same puncturing rate to both 
P1 and P2 bits (to within one bit) but with different puncturing 
pattern phases. In order to avoid non-puncturing periodicities 
that have been shown to degrade the Turbo code performance, 
the puncturing rates for P1 and P2 be independently biased. 
For example, if the number of P1 bits is decreased by A and 
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the number of P2 bits is increased by A, the overall code rate 
is unchanged but the problematic non-puncturing periods can 
be avoided. Given this approach to avoiding the problematic 
code rates, an analytical expression for the requisite bias, has 
been derived. 
A simple and efficient method of modifying the puncture 

patterns is biasing the number of punctured bits in P1 and P2 
by adding additional puncturing to one and removing it from 
the other. The amount of the bias should be no more than is 
needed to avoid certain periodicities. In biasing the punctur 
ing rates of P1 and P2 bits, two constraints must be met. 
When non-puncturing patterns with period 7N/2 (N=1, 2, 

3 . . . ) are used, degradation in performance results. These 
non-puncturing patterns will be employed whenever the aver 
age non-puncturing period of P1 or P2 bits is within +1 ort'/2 
of 7N/2 for even and odd N respectively. 
The average non-puncturing rate of the P1 and P2 rate 

matching blocks is I/(P/2) where I is the number of bits at the 
input to each branchofrate matching and P is the total number 
of parity bits (P1 and P2) at the output of rate matching. 
Therefore, the desired code rate will lead to a problematic 
puncturing pattern if 

7N N. N. Equation 1 
- - - - C 1 - - - - (p/2 - 2 |<1 - 2 * 2 | 

for N>0 where, 

Equation 2 

In biasing the puncturing rates of the parity bit streams 1 
and 2, P1 and P2, two constraints must be met. 

First, the number of surviving bits in parity bit stream 1 
must be increased sufficiently by an amount A to avoid the 
problematic puncturing patterns. Second, the number of Sur 
viving bits in parity bit stream 2 must be decreased by an 
equal amount A that is also sufficient to avoid problematic 
puncturing patterns. 

These two constraints can be combined in to the following 
expression for A, where: 

Equation 3 

Alternatively, non-punctured bits may be increased in P2 
and decreased in P1. The procedure to determine and apply 
the necessary P1/P2 bias is as follows: 

Step 1) Compute N using Equation 2. 
Step 2) Determine if the desired code rate results in a 

problematic puncturing pattern using Equation 1. If it 
does, continue to Step 3, otherwise set 

A = 0 (f 

Step 3) Compute the bias A using Equation 3. 
Step 4) Compute rate matching parameters by modifying 

Table in TS25.212/222. 

7N 
(p/2 2. 2 

c 1 - - - - 
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8 
In order to avoid puncturing patterns that degrade Turbo 

code performance, the amount of puncturing applied to parity 
bit streams 1 and 2 respectively could be slightly different, 
while keeping the overall number of punctured bits constant. 

If the number of punctured bits in parity bit stream 1 is 
decreased by A and accordingly, the numberpunctured bits in 
parity bit stream 2 bits is increased by A, the overall code rate 
is unchanged, but the problematic puncturing patterns can be 
avoided. Note that bit collection and bit de-collection stages 
need to be adjusted correspondingly for this case. Since indi 
vidual regions of degraded performance tend to be small, it 
may be advantageous to simply avoid the use of code rates 
with degraded performance. Since code rates with degraded 
performance can now be identified using the above equation, 
it is a simple matter to avoid them. 

For Hybrid Automatic Repeat reCuest (HARQ) as 
deployed in 3GPP, it may be necessary to employ two stages 
of rate matching. This occurs whenever incremental redun 
dancy (IR) is employed and the number of bits input to the 
rate-matching algorithm is larger than the virtual IR buffer. 
Note that when Chase combining HARQ is used, there is no 
need for a special IR buffer; a received bit buffer would be 
Sufficient. (If constellation rearrangement were not used, a 
buffer of received symbols would be sufficient.) If it is deter 
mined that IR provides only a small improvement over Chase 
combining, then removal of IR from the standards may be 
advisable. 

In order to obtain higher data rates, the 3GPP has intro 
duced the HSDPA option wherein link adaptation is per 
formed. One component of the link adaptation is Adaptive 
Modulation and Coding (AMC). With AMC, a channel qual 
ity estimate is used to select the modulation type and coderate 
that attains the largest throughput. When the channel quality 
is high, QAM modulation and a high code rate are selected. 
High code rates are obtained by puncturing a rate 1/3 Turbo 
code. During the design of the channel quality indication 
(CQI) table, it was observed that certain Transport Block Set 
Sizes (TBSS) exhibited poorer than expected performance. 
The COI table is used to map a channel quality estimate into 
a recommended modulation and TBSS. This problem of 
poorer than expected performance is currently addressed by 
simply “hand tweaking the CQI table to avoid the TBSSs 
that cause problems. In AMC, this leads to less than optimal 
throughput since optimal code rates will inevitably be 
avoided. 

Support for link adaptation by means of AMC is an integral 
feature of R5 HSDPA. With AMC, modulation type and code 
rate on HS-DSCH can be varied according to channel condi 
tions. Variable coding rates on HS-DSCH are achieved by 
means of rate matching (repetition or puncturing) output of 
the R99 Turbo-coder in a pre-determined manner, i.e. as a 
function of TBSS and available number of Physical Channel 
bits. Both R99/R4 and R5 use the same code rate 1/3 Turbo 
coder. While the principle of rate-matching is the same for 
both R4 and R5, the likely and more frequent use of higher 
effective code rates (>1/2), the use of multiple stages of rate 
matching, and the standard allowing for the possibility of 
Incremental Redundancy (IR) differentiate R99/R4 and R5. 
HSDPA performance requirements in WG4 have indicated 

unusually high and rather unpredictable SNR performance 
degradations for Turbo-coded and punctured transport blocks 
on HS-DSCH up to several dB for a range of effective coding 
rates above 1/2. 
The Turbo-coding performance on HS-DSCH is heavily 

impacted by unfavorable puncturing patterns of the parity bit 
streams output by the baseline rate 1/3 Turbo-coder. Although 
the original WG4 simulation results were provided in a TDD 
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context, exactly the same degradations also occur in FDD, the 
reason being that Turbo-coding and rate-matching (TS25.212 
and TS25.222) on HS-DSCH transport blocks (where the 
problematic interactions originate) are done exactly the same 
way for both modes. 

The poorer than expected performance at Some data rates is 
also a problem with a fixed modulation and coding scheme. If 
a user is assigned a code rate that exhibits the problem, the 
poor performance of the code will be compensated for by 
power control thus reducing cell capacity. 

In another embodiment, adjustments to the parity stream 
puncturing allows the Medium Access Control-High Speed 
(MAC-hs) to simply select any desired transport block size as 
an outcome of the scheduler decision. It would be required to 
slightly change the generation of the puncturing patterns in 
the rate-matching stages in TS25.212/222. For example, one 
implementing modification to the current FDD standard as set 
for in TS 25.212 is appended hereto along with a brief dis 
cussion of why the modification is desirable. 

For both the case of 1 rate-matching stage being transpar 
ent and the case of both 1 and 2" rate-matching stage being 
employed, a number of acceptable solutions exist to avoid the 
problematic interactions by means of adjustments to the par 
ity bit puncturing. 
One of these solutions, e.g. a simple biasing method, is 

outlined below in the interest of providing a conceptual 
example for the case of the Pt rate-matching stage being 
transparent. 

Currently, coding rates 1/3 are accomplished by applying 
the same amount of puncturing to both parity bit streams 1 
and 2 at the output W of the Turbo-coder (FIG. 10), although 
the puncturing pattern 'phases’ can be adjusted. 
When a particular code rate is desired and it is determined 

that its use will result in degraded performance, a slightly 
lower code rate may be selected to avoid the degradation. 
Good choice for the substituted code rate would be the largest 
allowable code rate less than the desired code rate that has 
been determined to have an acceptable degradation. 

If it is desirable for a system to be allowed to make unre 
stricted use of available code rates, then performance may be 
restored by modification of the puncture pattern. The key to 
restoring performance to the punctured Turbo code is to avoid 
the case where the surviving parity bits are overly redundant 
with respect to the systematic bits, i.e., modify the puncturing 
pattern to improve performance. One way to accomplish this 
is to sample the parity bits such that all the points correspond 
ing to one complete period of the semi-periodic impulse 
response are sampled with as few samples as possible while 
maintaining the same code rate and not overly distorting the 
uniformity of the puncturing over the data block or creating 
overly large imbalances in the number of surviving parity bits 
in P1 and P2. 

It should also be noted that this method of mitigation could 
also be applied to systems with more than 2 parity streams. 
For example, the 3GPP Turbo code (CDMA2000) includes 
four parity streams. If a problematic puncturing pattern 
occurs it can be alleviated by adjusting the puncturing rates of 
each of the individual parity streams while maintaining a 
constant overall effective coding rate. 

In the case of single stage of rate matching, as used in 
R99/R4 and in many R5 configurations, the problematic 
interactions between the Turbo-coded output and the punc 
tured transmitted sequence occurs in regions where the punc 
turing patterns are nearly periodic with Surviving bit period 
equal to a multiple of 7, and when an average 1 out of every 
3.5 parity bits survive. 
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10 
These degradations correspond to rank-1 and rank-2 Sce 

nario respectively. This case corresponds to the rank-1 Sce 
nario. Rank-2 Scenarios have less impact on the SNR degra 
dation than rank-1 Scenarios. Since higher rank scenarios 
(>2) do not significantly contribute to performance degrada 
tion, ranks other than rank-1 and rank-2 Scenarios are not 
considered here. 
The code rates at the center of these regions are determined 

by: 

Equation 4 

The critical coderate, CR, corresponds to a rank-1 Scenario 
when N is even and rank-2 when N is odd. For rank-1, we have 
critical code rates CR-779, 7/8, 21/23, ... and for rank-2, we 
have CR=7/11, 21/25, . . . . 
The ratio of the number of systematic bits and the number 

of parity bits in either parity bit stream 1 or 2 can be consid 
ered as “parity puncturing rate'. When surviving bit patterns 
with parity puncturing rate close or equal to 7N/2 (N=1, 2, 
3 . . . ) are used, degradation in performance results. Some 
amount of Turbo-coding and puncturing interaction will also 
occur whenever the average periodicity of surviving bits of 
the parity bit streams 1 or 2 is within +1 or +/2 of 7N/2 for 
even and odd N respectively. 
When two (or more) stages of rate matching are employed, 

problematic puncturing patterns can be generated by any 
stage, or by the interaction between the stages of rate match 
1ng. 
A closed form expression(s) has been developed for the 

Release 53GPP Turbo coder/Rate Matching that predicts the 
performance degradation. The expression takes as input 
either the triplet Bits Before 1 stage of rate Matching, Max 
Bits after 1 Rate Matching, Bits after 2" Rate matching} or 
the pair Rate of 1'stage Rate Matching with respect to parity 
bits, Rate of 2" stage Rate Matching with respect to parity 
bits. The output, as depicted in Equation 5 below, is a ratio 
nal number that may be compared to a threshold to accept/ 
reject the configuration as providing/not providing accept 
able performance. The parameters r1 and r2 represent the 
rates associated with the 1 and 2" stages of rate matching 
with respect to the parity bit streams. Although complicated, 
the Equation 5 is a piecewise linear and continuous function 
in r1, r2 and is therefore trivial to evaluate. 

A(r1, r2) = Equation 5 

L. 

C (1 Iri?hram irri nr21 Dur2 -L2) 

( friur2n irritor? l ) 

) ( triur2) itrl.ur 
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A threshold comparison could then be based on this equa 
tion to test whether or not the Code Rate pair will perform 
adequately. Equivalently, the triple: {Data Block Size, Size 
After 1 Stage Rate-Matching, Size After 2" Stage Rate 
Matching can be used since this triple maps directly into the 
Code Rate pair. 
The effect of the periodicity of the puncturing pattern can 

also be mitigated by interleaving the parity bits before rate 
matching occurs. In this way, after de-interleaving, periodic 
sampling of the parity bits is avoided even when periodic 
sampling is done in rate-matching. 
The functionality of the channel interleaver can be incor 

porated into the rate-matching block interleaver. This can be 
accomplished by adding additional constraints to the rate 
matching block interleaver (those defined by the channel 
interleaver) when the interleaver is designed. This however 
will require an additional interleaver for the systematic bits. 

Note that the rearrangement of the non-punctured bits only 
needs to occur on a range equal to the period of the semi 
periodic impulse response of the recursive encoding blocks of 
the Turbo encoder. Therefore, small time-varying interleavers 
can be added to the parity bit steams to prevent problematic 
puncturing patterns. This has the advantage of requiring less 
memory and helps to minimize the distortion of the unifor 
mity of the puncturing. 

Certain parameters may be made to vary as a function of 
time (or bit index) to generate puncturing patterns that will 
mitigate performance degradations. One such example for 
3GPP includes modification of the rate-matching parameters 
X, e ini, e minus and e plus parameters throughout the 
execution of the rate-matching. In this way, the parameters 
affecting the puncturing pattern may change at one or more 
locations within the block of bits being punctured. By allow 
ing the parameters to change, the instantaneous code rates 
may be different from the desired overall code rate (thereby 
avoiding the puncturing interaction) while still maintaining 
the same overall code rate. For example: 1) e plus and e mi 
nus may change frequently throughout the puncturing algo 
rithm thus breaking up any possible long runs of deleterious 
puncturing. 2) Parameters may be changed so that the code 
rate is changed so that it is higher in some portions of the code 
block and lower in others. 

The above methods are examples of modifications to the 
puncturing pattern used to generate specific code rates. All 
Such methods may be considered special cases and specific 
implementations of the more general concept of a permuta 
tion of the puncturing pattern. Any method of changing the 
puncturing pattern, i.e., generating some permutation of the 
original puncturing pattern, has the potential of changing the 
overall performance of a code. 
One can achieve the desired overall code rate while avoid 

ing problematic puncturing patterns by adjusting the amount 
of puncturing performed in each stage. This method, when 
placed in the context of the 3GPP HSDPA Turbo Code/Rate 
Matching algorithm leads to artificially reducing the size of 
the virtual Incremental Redundancy (IR) buffer. In general 
the approach implies a modification to the individual punc 
turing rates of each of the stages such that a desirable overall 
puncturing pattern results. 

Stage Rate Biasing is easily accomplished by changing the 
operating point (the r1, r2 pair) to Some point on a curve of 
constant code rate (i.e., where the product r1 *r2 is 
unchanged) where performance degradation is tolerable. 

The combination of adjusting the stage puncturing rates as 
well as the relative rates of puncturing in the two parity 
streams can also mitigate the problematic interaction between 
the puncturing pattern and the Turbo Code performance. 
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This can be envisioned as splitting the operating point into 

two points. One of the points corresponds to the rates of 1 
and 2" stage rate matching for the first parity bit stream and 
the second point for the second parity bit stream. The two 
points should be selected so that the overall code rate is 
unchanged, both points lie in regions of acceptable perfor 
mance, and the total number of surviving bits after the first 
stage of rate matching does not exceed imposed limits such as 
an IR buffer. 
The present invention provides several simple and efficient 

techniques of detecting, avoiding and/or correcting problem 
atic puncturing patterns in the parity bit streams without 
having to avoid desired code rates. According to the present 
invention, degradations in punctured error correction coded 
transmissions are reduced by identifying a puncturing pattern 
which approximates a particular code rate, and adjusting a 
value for anticipated degradation in accordance with the 
matching of the puncturing pattern and the particular code 
rate. 

When creating high rate codes via puncturing, it is gener 
ally desirable to distribute, as uniformly as possible, the bits 
that are punctured. Using this guideline, it is inevitable that 
certain code rates will require the resulting non-punctured bit 
pattern to be less effective. One such example occurs when 
the non-punctured bit pattern is periodic, with a period equal 
to the period of the semi-periodic impulse response of the 
recursive encoding blocks of the Turbo encoder. An algorithm 
may used to identify all puncturing patterns with degraded 
performance. 

In a particular embodiment of the invention, the capacity of 
a WTRU is determined, including buffer sizes that are Sup 
ported by the WTRU. The puncturing is used to reduce the 
number of bits to fit into the buffer, and the overall code rate 
is adjusted so as to provide Sufficient error correction capa 
bility. This provides a first rate in a first stage of puncturing 
and a second rate in a second stage of puncturing. 

According to the present invention, detecting, avoiding 
and/or correcting problematic puncture patterns in parity bit 
streams and punctured Turbo codes is achieved without hav 
ing to avoid desirable code rates. This is applicable without 
limitation, to FDD, TDD and other modes of transmission, 
and enables identification/avoidance of regions of relatively 
poor Turbo code performance, which might result from the 
prior art bit-puncturing scheme. The invention provides for 
forward error correction comprising Turbo coding and punc 
turing that achieve a smooth functional relationship between 
any measure of performance and the effective coding rate 
resulting from combining the lower rate code generated by 
the Turbo encoder with puncturing of the parity bits. 
Examples of measures of performance would be BLER, bit 
error rate (BER), required signal-to-interference ratio (SIR), 
or required SNR. 
The patterns of the puncturing are created by creating an 

encoded transmission at a particular data rate and excluding 
some of the encoded bits. At the receiver end, Zeros or other 
“filler bits are put in place of the punctured bits, and the 
decoding operation is based on the received signal with the 
missing bits. According to the present invention, the punctur 
ing pattern is modified in order to eliminate degradation 
which would occur under particular puncturing patterns. In 
particular, if the puncturing pattern is regular or has a periodic 
nature, it is more likely to result in signal degradation. By 
eliminating the degradation, it is possible to achieve the 
desired code rate. 
The present invention is particularly useful for 3GPP-cod 

ing, and can be used for low chip rate TDD, high chip rate 
TDD and FDD. 
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One such example of a periodicity occurs when the non 
punctured bit pattern is periodic with period equal to the 
period of the semi-periodic impulse response of the recursive 
encoding blocks of the Turbo encoder. An algorithm is pro 
vided to identify all puncturing patterns with degraded per 
formance. Additionally, modification of the puncturing pat 
terns is performed such that performance of the Turbo code is 
restored. 

Modifications to puncturing are used to restore Turbo per 
formance. If it is desirable for a system to be allowed to make 
unrestricted use of available code rates, then performance 
may be restored by modification of the puncture pattern. 
Therefore if it is deemed desirable for a system to be allowed 
to make unrestricted use of available code rates, then perfor 
mance may be restored by modification of the puncture pat 
tern. 

Adaptive coding means that on the fly, information is 
obtained from the WTRU that indicates the channel quality. 
Based on that, the transmitter adjusts its code rate amongst 
other parameters. In instances of poor reception, a substantial 
amount of redundancy is added, which results in a very low 
code rate, but which allows transfer of data through with the 
required block error probability. 
The channel quality estimation procedure does not inher 

ently take into account the possibility that problematic punc 
turing may have been used, nor should it. The channel quality 
is typically based on signal power and noise power, but it does 
not take into account the fact that the encoder may have been 
punctured in a problematic way, therefore AMC will not serve 
to avoid problematic code rates. With good channel quality, 
very little coding is needed and it is possible to use a higher 
order modulation. If the channel quality is poor, the code rate 
is reduced. Therefore, a reduced data rate is used to provide 
the desired error performance. The channel quality indicator 
is used to monitor the channel quality and in turn provides 
input to the data rate controller. 

Capacity is measured by determining a combined data rate 
to all users Supported. If one or more users in a cell are tuned 
to a problematic code rate, then those users are presumed to 
require more power and thereby reduce capacity. In many 
cases the problematic coding rates are known or can be deter 
mined via this invention and therefore it is possible to avoid 
these rates. 

The present invention provides an ability to identify prob 
lem rates in advance through some analytical means, and 
responding to this information by avoiding these rates either 
dynamically or statically. This can be achieved by detecting 
problematic patterns or by using a formula or table of rates to 
avoid. If a transmission calls for one of the problem rates, the 
actual transmission is provided at a rate which is slightly 
different. The result is, the problem rate is avoided. 

These are representative examples of modifications to the 
puncturing pattern used to generate specific code rates, as 
applicable to layer 1 and layer 2 in the TDD and FDD mode 
of transmission in accordance with the present invention. 
Variations to the examples described are conceivable. All 
Such variations may be considered special cases and specific 
implementations of the more general concept of a permuta 
tion of the puncturing pattern. Any method of changing the 
puncturing pattern, i.e., generating some permutation of the 
original puncturing pattern, has the potential of changing the 
overall performance of a code, and it is the intent to include 
permutations and methods of generating Such permutations 
of the puncturing pattern envisaged in the present invention. 
All modifications and improvements to the basic concept of 
the invention as set forth hereinabove are envisaged to be 
within the ambit of the present invention. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
FIG. 11 shows the BLER performance of 3 different HS 

DSCH transport blocks of increasing size 4554, 4705 and 
4858 bits respectively. All of them are rate 1/3 Turbo-coded, 
and then punctured down to 6072 bits mapped to the High 
Speed Physical Downlink Shared Channels (HS-PDSCH). 
This results in an effective coding rate of 0.75 (labeled 7/9-), 
0.77 (labeled 7/9) and 0.80 (labeled 7/94) for the 3 increasing 
transport blocks sizes. 
When increasing the effective coding rate (or equivalently 

increasing the puncturing rate) of a Turbo-coded transport 
block on HS-DSCH, one should expect that BLER perfor 
mance degrades in a proportioned manner, i.e. gets increas 
ingly worse for increasingly higher effective coding rates. 
This unfortunately does not always happen, and it can be seen 
in this example that the rate 0.77 (7/9) coded transport block 
needs some 3 dB more SNR than a rate 0.80 coded transport 
block to achieve the same BLER of approximately 10%. 
The reason for the observed degradations is that the peri 

odicity (period=7) in the output of the two Turbo-coderparity 
bit streams, as given by the impulse responses of the constitu 
ent recursive convolutional encoders, deleteriously interacts 
with the periodicity of the puncturing patterns applied by the 
second and/or the first rate matching stages in many cases. 
This effect is increasingly more frequent for increasingly 
higher puncturing rates. 

In the analyses that follow, a single R99 rate-matching 
block is assumed. However, the concepts apply more gener 
ally to R4 and R5 with and without incremental redundancy. 
The main conclusion for both cases is that the critical punc 
turing rates leading to SNR degradation are predictable in 
principle, but would require a rather complex set of param 
eters to be taken into account. 
The setting of critical puncturing rates is avoided in the 

MAC-hs in the Node B, which has the particular advantage 
that it would not require a change in current standards and 
could leave details open to Vendor-specific implementation. 
While this approach is preferable, the look-up tables used are 
complex and restrictions on possible MAC-hs scheduler deci 
sions are imposed. 

Alternatively, slight modifications are made to the punc 
turing patterns as generated by the current rate-matching 
stages for HS-DSCH in TS25.212/222. These modifications 
constitute only a small change in the way the rate matching 
parameters are generated in TS25.212/222, e.g., parameters 
for HARO second rate matching, and more importantly do 
not require any additional signaling. 
Due to the apparent simplicity of the second option (slight 

modification of the generation of the puncturing pattern on 
Turbo-coded parity bit streams) and its transparency for the 
MAC-hs scheduler (simply selects whatever transport block 
size is desired as outcome of the scheduler decision), a cor 
responding change is made in TS25.212/222 to remedy this 
problem. 
The constituent recursive convolutional encoders in the 

Turbo-coder as by TS25.212/222 have infinite impulse 
responses that are periodic with period 7 for positive time. 
The impact of certain patterns of Surviving (i.e. non-punc 
tured) bits in the parity bit stream can be qualitatively illus 
trated by considering how much information remains in these 
Surviving parity bits. 
The Turbo-coder produces 3 bit streams, systematic bits 

corresponding to the input sequence, parity bit stream 1 (out 
put of 1 constituent encoder) and parity bit stream 2 (output 
of 2" constituent encoder). 

Note that the constituent recursive convolutional encoderis 
an LTI system on GF. Therefore, the output of the encoder is 
a sum of shifted versions of the impulse response of the 
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encoder. Each shifted version of the impulse response corre 
sponds to the locations of the 1s in the TB. 

Certain puncturing patterns may result in a loss of distrib 
uted information about a small group of bits across the set of 
bits in one of the parity bit streams. For example, let the TB 
consist of 7 bits followed by many Zeros. Now consider the 
problem of trying to determine the seven bits by observation 
of the output of one encoder after heavy puncturing. Each 
observation made at the output is a sum of a subset of the 7 
bits. The subset for each particular observation is determined 
by the surviving bit period and the impulse response of the 
recursive encoding block. 

For most puncture patterns, sums over 7 different subsets 
of the 7 bits can eventually be observed. Therefore, a system 
of 7 equations with 7 unknowns can beformed. Assuming that 
they are linearly independent, the values of the 7 bits may be 
determined. 

However, when the periodicity of surviving bits is simple 
(one surviving parity bit per period) and the same as the 
period of the recursive encoding block, 7, then, due to the 
periodicity of the signal, every observation for t-6 is the sum 
of the same subset of the 7 bits and so no new information is 
obtained by Subsequent observations. Thus, a rank-1 system 
of equations is formed and a unique Solution does not exist. 
When the periodicity of surviving bits is not a multiple of 

7, making observations of the parity bits will eventually form 
a rank-7 system of equations after several observations. For 
our 7-bit group, this is Sufficient to uniquely determine the 
bits, i.e. information sufficient to determine the bits is distrib 
uted across the Surviving parity bits. 

It is also possible that some distributed information is lost 
even for non-simple periods, e.g., consider the case where the 
non-puncture pattern alternates between a simple period of 
three and four (two surviving parity bits per period with 
period=7). 

This results in a period 7 non-puncture pattern but with two 
Surviving parity bits per period. The same argument above 
leads to a rank-2 system of seven equations. This is still 
insufficient to uniquely determine the group of bits, but does 
reduce the dimension of the space they may span. Clearly, 
some information about the TB may also be lost for non 
simple Surviving bit patterns. 
At least two alternative approaches exist to avoid the prob 

lematic interactions between Turbo-coder output and punc 
turing in the rate-matching stages. 

The avoidance of problematic puncturing patterns is an 
approach that requires the MAC-hs to avoid using puncturing 
patterns that lead to SNR degradation and does not use certain 
combinations for mapping incoming transport blocks sizes to 
HS-PDSCHS. 

Avoidance would either require building lookup tables that 
identify the problematical configurations or evaluating the 
predicted degradation expression described previously in the 
MAC-hs scheduler. 
An advantage of the look-up table approach is that no 

change in current standards would be required and that any 
particular implementation could be left vendor-specific. 
A disadvantage of the avoidance approach is that it is 

complicated by the fact that there are several dimensions to 
the problem that will all play a role in determining if a par 
ticular configuration will give rise to degradation. Parameters 
the MAC-hs scheduler would need to take into account in 
addition include: 

(1) transport block set size of HS-DSCH transmission; 
(2) number of soft information bits to be stored at the 

WTRU for HARQ; and 
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(3) number of physical channel bits allocated for the HS 

PDSCHS. 
For FDD, these parameters are implied by the combination 

indicator for number of channelization codes and modulation 
formati (1<i>29), and the transport block size k, (0<k.<62) 
in TS25.321. 

Described below is one embodiment of the present inven 
tion that includes a combination of previously described tech 
niques. 
The hybrid ARQ functionality matches the number of bits 

at the output of the channel coder to the total number of bits of 
the HS-PDSCH set to which the HS-DSCH is mapped. The 
hybrid ARQ functionality is controlled by the redundancy 
version (RV) parameters. The exact set of bits at the output of 
the hybrid ARQ functionality depends on the number of input 
bits, the number of output bits, and the RV parameters. 
The hybrid ARQ functionality consists of two rate-match 

ing stages and a virtual buffer. 
The first rate matching stage matches the number of input 

bits to the virtual IR buffer, information about which is pro 
vided by higher layers. Note that, if the number of input bits 
does not exceed the virtual IR buffering capability, the first 
rate-matching stage is transparent. 
The second rate matching stage matches the number of bits 

after first rate matching stage to the number of physical chan 
nel bits available in the HS-PDSCH set in the TTI. 

Definitions of notations used: 
N': Number of bits in a transmission time interval before 

rate matching. 
AN: An intermediate calculation variable. 
AN, ?'. If positive-number of bits to be repeated in each 

transmission time interval on TrCH i with transport for 
mat 1. 

If negative-number of bits to be punctured in each trans 
mission time interval on TrCH i with transport format 1. 
AN: Number of bits to adjust the length of parity 

streams by, in HARQ 1 stage rate-matching. 
N: Total number of bits that are available for the HS 
DSCH in a TTI. 

e. Initial value of variable e in the rate matching pattern 
determination algorithm. 

ea. Increment of variable e in the rate matching pattern 
determination algorithm. 

Decrement of variable e in the rate matching pattern 
determination algorithm. 

b: Indicates systematic and parity bits 
b=1: Systematic bit, X. 
b=2: 1 parity bit (from the upper Turbo constituent 

encoder), Z. 
b=3: 2" parity bit (from the lower Turbo constituent 

encoder), Z. 
The HARQ bit separation function shall be performed in 

the same way as bit separation for turbo encoded TrCHs. 
HARO first stage rate matching for the HS-DSCH trans 

port channel shall be performed using the method described 
below with the following specific parameters. 
The maximum number of soft bits available in the virtual 

IR buffer is N, which is signaled from higher layers for each 
HARO process. The number of coded bits in a TTI before rate 
matching is N' this is deduced from information signaled 
from higher layers and parameters signaled on the High 
Speed Synchronization Control Channel (HS-SCCH) for 
each TTI. Note that HARQ processing and physical layer 
storage occurs independently for each HARO process cur 
rently active. 

If N is greater than or equal to N' (i.e. all coded bits of 
the corresponding TTI can be stored) the first rate matching 

e 
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stage shall be transparent. This can, for example, beachieved 
by settinge 0. Note that no repetition is performed. 

If N is smaller than N' the parity bit streams are punc 
tured by setting the rate matching parameter AN'-N- 
N' where the subscripts iandl refer to transport channel and 
transport format in the referenced sub-clause. Note the nega 
tive value is expected when the rate matching implements 
puncturing. Bits selected for puncturing which appear as Ö 
shall be discarded and not counted in the totals for the streams 
through the virtual IR buffer. 

If first stage puncturing is to be performed, the procedure 
below shall be applied. Index b is used to indicate systematic 
(b=1), 1 parity (b=2), and 2" parity bit (b=3). The parameter 
AN: is the change in length to the parity streams to 
circumvent problematic puncturing rates. 
The first stage rate matching delta is calculated as follows: 

if puncturing is to be performed 

L-AN/2. 
X, 

ANPARTY = 0; Öp = 49; C = 1 
while (C. s.4) 

X = NT 3: PR = 

1 
7. Cy . PR+ - 7-a-PR+. 

7. Cy 
= PR - round 

round = 

it a ...) PR : (PR h || > jo 40 jo 49 te 
C = CE + 1 
ÖP = 98 

else if, 0) then 
1 

ANPARITY = |-AN!" f2-X (round s opR 
C = 5 

else 

=|-AN"/2-x, (round+s) ANPARTY = L-AN'? 2-X round+ - opR 
C = 5 

end if 
end while 

AN { L-AN/2 - ANparity, b = 2 
|-AN/2 + ANparity, b = 3 

a = 2 when b = 2 
a = 1 when b = 3 

If AN, is calculated as 0 forb-2 or b–3, then the following 
procedure and the rate matching algorithm shall not be per 
formed for the corresponding parity bit stream. 

For each radio frame, the rate-matching pattern shall be 
calculated, where: 

X, is as above, 
e; X, 

e.t.axX. 

eisax|AN, 

HARO second stage rate matching for the HS-DSCH 
transport channel shall be done using one of two possible 
methods. 

If second stage puncturing is to be performed, and the 
Composite Puncturing Rate of one of the parity streams, 
calculated using the formula below falls in any of the intervals 
91/128,92/128, 217/256, 222/256), 231/256, 232/256), 
|237/256,238/256 or 487/512,488/512, then puncturing of 
that parity stream shall be performed. Note, puncturing 
maybe carried out on one, both, or neither of the two parity 
streams, but never on the systematic parity stream. 
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Composite Puncturing Ratio, 

LN/3) - N, 
NTT / 3 

LN/3) - N2 
NTT / 3 

, b = 2 
CPR= 

, b = 3 

Otherwise, second stage rate matching for the HS-DSCH 
transport channel shall be done with the following specific 
parameters. Bits selected for puncturing which appear as Ö 
shall be discarded and are not counted in the streams towards 
the bit collection. 
The parameters of the second rate matching stage depend 

on the value of the RV parameters sandr. The parameters can 
take the value 0 or 1 to distinguish between transmissions that 
prioritize systematic bits (s=1) and non systematic bits (s=0). 
The parameterr (range 0 to re-1) changes the initial error 
variable e in the case of puncturing. In case of repetition 
both parameters r and S change the initial error variable e 
The parameters X, et and e 
1 below. 
Denote the number of bits before second rate matching as 

N for the systematic bits, N for the parity 1 bits, and N2 
for the parity 2 bits, respectively. Denote the number of physi 
cal channels used for the HS-DSCH by P.N. is the number 
of bits available to the HS-DSCH in one TTI and defined as 
NPx3xN. The rate matching parameters are deter 
mined as follows. 
For Nisn+N+N2, puncturing is performed in the 

second rate matching stage. The number of transmitted sys 
tematic bits in a transmission is N, min{NN} for a 
transmission that prioritizes systematic bits and 
N, max{N-(N1+N2),0} for a transmission that pri 
oritizes non systematic bits. 

For N->N+N+N2 repetition is performed in the 
second rate matching stage. A similar repetition rate in all bit 
streams is achieved by setting the number of transmitted 
systematic bits to 

ii 

are calculated as per table its faitazis 

The number of parity bits in a transmission is: 

Ni - N 
Nap1 = max(|Men's - AN PARITY, o 
and 

N.p2 Ndata (N.sys -- N.pl.) 

for the parity 1 and parity 2 bits, respectively. 

TABLE 1 

Parameters for HARO Second rate matching 

X, pius minus 

Systematic Nss Nss |Nss - Nass 
RMS 

Parity 1 N 2. Ni 2 IN - N. 
RMP1 2 
Parity 2 N2 N2 |N2 - N2 
RM P2 2 
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Table 1 above Summarizes the resulting parameter choice 
for the second rate matching stage. The rate matching param 
eter e, is calculated for each bit stream according to the RV 
parameters r and S using e(r)={(X,-re/r-1)mod 
et-1 in the case of puncturing, i.e., Nisn+N+N2, 
and e(r)={(X-L(S+2r)et/(2-r)|-1)model}+1 for 
repetition, i.e., N>N,+N+N2. Where re{0, 1, . . . . 
r-1} and r is the total number of redundancy versions 
allowed by varying r. Note that r varies depending on the 
modulation mode, i.e. for 16QAM r=2 and for QPSK 
r, 4. 

Note: For the modulo operation the following clarification 
is used: the value of (x mody) is strictly in the range of 0 to 
y-1 (i.e. -1 mod 10–9). 
HARO second stage rate matching for the HS-DSCH 

transport channel shall be done with the method described 
below, which separates each stream into segments with spe 
cific parameters calculated below. Bits selected for punctur 
ing which appear as Ö shall be discarded and are not counted 
in the streams towards the bit collection. 
The parity stream will be segmented into 3 segments, the 

first segment will be made up of the first X bits of the 
parity stream, the second segment will be made up of the next 
X, bits, and the last segment will be made up of the remain 
ing Xa bits. 

The first Segment is denoted by X, X,2,..., X,x, 
The second segment by Xixseg1+1: Xixseg1+2: . . . . Xixseg2. 
And the final segment by X,x2. 

Xixse 1-Xseg2+23 * * * * Xix Where X42-X788), X-56-|x/98), X 
98 

Segl =X, mod Seg2 Seg3 

Note: If X, is less than 98 only the third segment exists, and 
if X, is a multiple of 98 then the third segment will be empty. 
For the case where a particular segment is empty, then of 
course no puncturing is performed on that non-existent seg 
ment. 

Additional parameters for HARQ Second Rate Matching 
Stage for problematic puncturing rates 

Parameters P. N. N. N. N. N. and N2 are 
calculated, additional parameters are defined below. 

Denote the number of parity 1 bits before second rate 
matching after segmentation as N. ls; Nelseg2: Nel Seg3 for 
the parity 1 bits in the 1, 2" and 3 segment respectively. 
Denote the number of parity 2 bits before second rate match 
ing after segmentation as N2, N22. N2, segs for the 
parity 1 bits in the 1, 2" and 3' segment respectively. The 
rate matching parameters are determined as follows. 

For NasN+N+N2, puncturing is performed in the 
Second rate matching stage. 
The number of parity bits after segmentation is 

N-42LN'98 

N2=56 LN /98) 

Nies-Ni, mod98 
The number of parity bits in each segment for parity 1 bits 

(b=2), and parity 2 bits (b=3) is: 

49. N., LN /98 1 Nipb segl | Mile?) -- i 
49. N.LNb, f'98. 1 Nipbseg2 = | Mile?) -- i p 

N.pbseg3 = Nipb (Nipbseg1 + N.pbseg2) 

The parameters X, et and e are calculated as per pits 
table 2 below. 

faitaats 
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TABLE 2 

Parameters for dithered HARQ second rate matching 

Stream Segment X, pius minus 

Systematic Nss Nss |N - N. 
RMS 
Parity 1 1st Np1.seg 2 No1.seg1 2 No1.segi Nap1.segi 
RM 2nd Neiseg2 2 Noiseg2 2 Neiseg2 Nielseg2 
P1 2 3rd Np1.seg3 2 No1.seg3 2 No1.seg3 - Nap1.seg3 
Parity 2 1st N2.seg Np2.ses 1 Np2.segi Nap2-seg 
RM 2nd N2.seg2 Np2.seg2 Np2.seg2 Nap2-seg2. 
P2 2 3rd N2.seg3 No.2 seg3 No.2 seg3 Nip2-seg3 

The rate matching parameter e, is calculated for each 
segment of bit stream according to the RV parameters rands 
using e(r)={(X,-re/re-1) model}+1 in the case 
of puncturing. Where re (O, 1,..., re-1} and r is the total 
number of redundancy versions allowed by varying r. Note 
that r varies depending on the modulation mode, i.e. for 
16QAM r=2 and for QPSK r=4. 

Note: For the modulo operation the following clarification 
is used: the value of (x mody) is strictly in the range of 0 to 
y-1 (i.e. -1 mod 10–9). The rate matching algorithm is called 
for each segment of the parity stream in turn. 

For both parity streams, after the rate matching algorithm 
has been called for each of the three segments, the three 
punctured segments should be concatenated together in their 
original order. 
The re-concatenated bit stream is denoted by: X oSegll 

X o,Segly, o,Seg2,1 to seg2.2 * * oSeg12 p1.segl 
X . . . X o,Seg3,13 to, seg3,23 Os33.Y1segg 

The HARQ bit collection is achieved using a rectangular 
interleaver of size N.xN. The number of rows and col Fo co 

umns are determined from: 
N-4 for 16QAM and N-2 for QPSK 

Nai NayNod 

where N is used. 
Data is written into the interleaver column by column, and 

read out of the interleaver column by column starting from the 
first column. 

N, is the number of transmitted systematic bits. Inter 
mediate values N, and N are calculated using: 

N = N. Not 

and 

N = N - N, ; No. 

If N=0 and N-0, the systematic bits are written into rows 
1...N. 
Otherwise systematic bits are written into rows 1... N,+1 

in the first N. columns and, if N-0, also into rows 1... N, in 
the remaining N-N columns. 
The remaining space is filled with parity bits. The parity 

bits are written column wise into the remaining rows of the 
respective columns. Parity 1 and 2 bits are written in alternat 
ing order, starting with a parity 2 bit in the first available 
column with the lowest index number. If the two parity 
streams are of unequal length, Parity 1 and 2 bits shall be 
written alternately, again starting with a parity 2 bit, until the 
end of the shorter parity stream, then the remaining parity bits 
from the longer stream shall be written. 

In the case of 16QAM for each column the bits are read out 
of the interleaver in the order row 1, row 2, row 3, row 4. In the 
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case of QPSK for each column the bits are read out of the 
interleaver in the order row 1, row2. 
When the analysis of the rate matching issue was restricted 

to the situation in which the first stage HS-DSCH rate match 
ing is transparent it was shown that the performance degra 
dation arises from an interaction between the periodicity of 
the rate matching pattern and the inherent periodicity of the 
turbo encoder. In particular, it was shown that at the problem 
atic code rates, the positions (in the unpunctured bit stream) 
of Survivor (i.e. nonpunctured) bits lie in the same position or 
positions within a modulo 7 period for long segments of the 
unpunctured stream. It has been demonstrated that perfor 
mance degradations arise via exactly the same mechanism 
when the first stage is not transparent. 

In the following description, a “puncturing pattern” is 
defined to be the pattern of positions of bits that are punctured 
from an original stream. “Puncturing Rate is defined to be 
the reciprocal of the number of bits between punctured bit 
positions (inclusive of the punctured positions) in the original 
bit stream. 

In the case of two-stage rate matching, puncturing that 
leads to degradation may occur in two ways: 

1) A pattern arising from bits punctured in the first stage 
only 

2) A pattern arising from bits punctured after the second 
stage; this pattern is dependent upon both the first and 
Second rate matching stages. 

In order to avoid either of these puncturing mechanisms 
that cause a performance degradation, the following method 
ology has been adopted: 

In the first stage, test whether the puncturing will cause a 
problematic puncturing pattern. This is achieved by evaluat 
ing an “implicit duration' function, which predicts the length 
of periodicity in the puncturing pattern. The first stage rate 
matching is only adjusted if the calculated implicit duration 
indicates a necessity. In this case, the amount of bits punc 
tured in the first parity stream is increased slightly, whilst in 
the second stream the number is correspondingly decreased 
slightly. This has the effect of shifting the puncturing rates in 
both streams to breakup modulo 7 periodicity, whilst keeping 
the total amount of punctured bits the same. The adjustment 
in the puncturing rate in each of the streams is kept suffi 
ciently small to leave the coding performance in each stream 
unaffected. 

In the second stage, a composite puncturing rate for each 
stream, taking into account adjustments to the puncturing rate 
carried out at the first stage is calculated. The composite 
puncturing rate in each stream is compared with a look up 
table, which predicts rates at which modulo-7 periodic pat 
terns, and hence coding degradations will arise. If the com 
posite rate of a stream falls within a range of problematic 
rates, a “dithering algorithm is applied. 

Differing puncturing rates are applied in the two parity 
streams if the puncturing pattern in the first stage will lead to 
a performance degradation, or is likely to contribute to an 
unwanted pattern after second stage rate matching. In this 
case, the number of bits punctured in the first parity stream is 
reduced by an amount AN, whilst the number of bits 
punctured in the second stream is increased by the same 
amount. The decision as to whether such a change should take 
place is based upon a calculated parameter, which estimates 
the inverse of the length of runs of survivorbits which hold the 
same modulo 7 position in the unpunctured stream. This 
length becomes greater than 49 bits (i.e. 7 modulo 7 periods), 
then the adjustment to the lengths of the streams is applied. 

The dithered puncturing algorithm may be applied to either 
or both of the two parity streams in the second stage. When 
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22 
processing a parity stream, the algorithm employs two punc 
turing rates, one higher than the original, and one lower, it 
then switches between these two puncturing rates whilst 
applying puncturing to the parity bit stream. The total number 
of bits punctured is kept the same as it would have been with 
the original algorithm. Generically it is possible to have one 
or many Switching points between the two puncturing rates 
within a parity stream. The number of points is not critical to 
the performance, since the fraction of the bit stream punc 
tured at each rate is independent of the number of switching 
points. 
The number of Switching points is set to one (or two), 

meaning that the punctured stream consists of two (or three) 
segments in which the first segment uses a lower puncturing 
rate than the original, the second uses a higher puncturing 
rate. If the two segments do not account for the whole of the 
parity stream, a third segment is allowed at the end that is 
punctured at the original rate. The third segment is kept short, 
and allows for puncturing exactly the correct amount of bits to 
maintain the overall puncturing rate. By breaking the parity 
stream into a low number of segments in this way, the original 
rate matching algorithm can easily be used with some minor 
parameter changes. 
The difference between the higher puncturing rate in the 

first segment and the original rate, and also between the lower 
puncturing rate in the second segment and the original has 
been set to 1/49. This selection allows for problematic rates to 
be avoided in all cases whilst not representing a significant 
change in coding rate. 

In the majority of cases, the modified rate matching algo 
rithm operates in exactly the same manner as previously 
defined. In the minority of cases in which either the first or 
second stage rate matching would lead to a performance 
degradation, unequal length streams and/or dithering are 
applied. Both of these modifications do not change the body 
of the rate matching procedure in any way, but rather the rate 
matching parameters that are applied. Furthermore, in an 
implementation, the modifications can be achieved with a 
modification to the Rate Matching DSP software without 
affecting any other part of the system. 
The foregoing is a description of a preferred embodiment 

and alternative solutions to providing detecting, avoiding/ 
correcting problematic Turbo code puncturing patterns. 
While this invention has been particularly shown and 
described with reference to preferred embodiments, it will be 
understood by those skilled in the art that various changes in 
form and details may be made therein without departing from 
the scope of the invention as described hereinabove. 

What is claimed is: 
1. An apparatus for use in wireless communications com 

prising: 
a first interleaver configured to interleave systematic bits: 
a second interleaver configured to interleave a first parity 

bit stream; 
a third interleaver configured to interleave a second parity 

bit stream; 
a buffer configured to buffer the interleaved systematic 

bits, the interleaved first parity bit stream and the inter 
leaved second parity bit stream; and 

a rate matching unit configured to select bits for transmis 
sion based on a plurality of redundancy versions; 
wherein at least one redundancy version of the set selects 
systematic bits over first and second parity bits and at 
least one redundancy version of the set selects first and 
second parity bits over systematic bits. 
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2. The apparatus of claim 1 wherein selecting of bits by the 
rate matching unit in response to a selected redundancy ver 
sion changes in response to a location of the bits in the buffer. 

3. A method for use in an apparatus of a wireless commu 
nications comprising: 

interleaving, by the apparatus, systematic bits: 
interleaving, by the apparatus, a first parity bit stream; 
interleaving, by the apparatus, a second parity bit stream; 
buffering, by the apparatus, the interleaved systematic bits, 

the interleaved first parity bit stream and the interleaved 
second parity bit stream; and 

Selecting, by the apparatus, bits for transmission based on 
a plurality of redundancy versions; wherein at least one 
redundancy version of the set selects systematic bits 
over first and second parity bits and at least one redun 
dancy version of the set selects first and second parity 
bits over systematic bits. 

4. The method of claim 3 wherein the selecting of bits for 
transmission in response to a selected redundancy version 
changes in response to a location of the bits in the buffer. 

10 

15 

24 
5. A wireless transmit/receive unit comprising: 
circuitry configured to interleave systematic bits; 
circuitry is further configured to interleave a first parity bit 

stream; 
circuitry is further configured to interleave a second parity 

bit stream; 
circuitry is further configured to buffer the interleaved 

systematic bits, the interleaved first parity bit stream and 
the interleaved second parity bit stream; and 

circuitry is further configured to select bits for transmission 
based on a plurality of redundancy versions; wherein at 
least one redundancy version of the set selects system 
atic bits over first and second parity bits and at least one 
redundancy version of the set selects first and second 
parity bits over systematic bits. 

6. The wireless transmit/receive unit of claim 5 wherein 
Selecting of bits based on a selected redundancy version 
changes in response to a location of the bits in the buffer. 

Case 5:22-cv-00113-RWS-JBB   Document 1-6   Filed 09/02/22   Page 27 of 27 PageID #:  160

IPR2023-01267, -01268, -01269, 
-01270, -1272, -01273 | Page 160



EXHIBIT 6

Case 5:22-cv-00113-RWS-JBB   Document 1-7   Filed 09/02/22   Page 1 of 12 PageID #:  161

IPR2023-01267, -01268, -01269, 
-01270, -1272, -01273 | Page 161



US007283839B2 

(12) United States Patent 
You et a]. 

US 7,283,839 B2 
Oct. 16, 2007 

(10) Patent N0.: 
(45) Date of Patent: 

(54) WIRELESS COMMUNICATING TERMINAL 
FOR PROVIDING INTEGRATED 
MESSAGING SERVICE AND METHOD 
THEREOF 

(75) Inventors: Jin-Woo You, Seoul (KR); SangWoo 
Suk, Seoul (KR) 

(73) 

(*) 

Assignee: Curitel Communications, Inc. (KR) 

Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 226 days. 

(21) 

(22) 

Appl. No.: 11/106,160 

Filed: Apr. 13, 2005 

Prior Publication Data 

US 2005/0245281 A1 Nov. 3, 2005 

(65) 

(30) 
Apr. 14, 2004 
Oct. 18, 2004 

Foreign Application Priority Data 

(KR) .................... .. 10-2004-0025882 

(KR) .................... .. 10-2004-0083073 

(51) Int. Cl. 
H04M 1/00 
US. Cl. ................. .. 

(2006.01) 
455/550.1; 455/466; 455/418; 

709/213; 709/201 
Field of Classi?cation Search ........... .. 455/550.1, 

455/466, 418; 709/213, 201 
See application ?le for complete search history. 

(52) 

(58) 

(56) References Cited 

U.S. PATENT DOCUMENTS 

6,556,217 B1 * 4/2003 Makipaa et a1. .......... .. 345/667 

6,952,712 B2* 10/2005 Yoshimura et a1. . 709/201 
7,136,917 B2 * 11/2006 Kawai et a1. ............. .. 709/223 

RECEIVE MESSAGE CONTENT IN 
INTEGRATED USER INTERFACE 

S202 

< IS MULTIMEDIA FILE YES 
INCLUDED IN MESSAGE? : 

2001/0028605 A1* 10/2001 Higuchi et a1. ............. .. 368/37 

2002/0015112 A1* 2/2002 Nagakubo et a1. 348/734 
2003/0005125 A1* 1/2003 Berthaud et a1. 709/226 
2003/0095518 A1* 5/2003 Suwa ....................... .. 370/336 

2004/0015547 A1 1/2004 Grii?n et a1. 
2004/0165721 A1* 8/2004 Sano et a1. ................. .. 380/28 

2004/0253965 A1* 12/2004 Sato et a1. 455/456.3 
2005/0164721 A1* 7/2005 Yeh et a1. ................. .. 455/466 

FOREIGN PATENT DOCUMENTS 

1 109 415 A2 
1 349 407 A2 

EP 
EP 

6/2001 
1/2003 

* cited by examiner 

Primary ExamineriDanh Le 
(74) Attorney, Agent, or F irmiBlakely SokoloiT Taylor & 
Zafman 

(57) ABSTRACT 

Provided is a Wireless communication terminal having a 
function of providing an integrated messaging service. The 
Wireless communication terminal includes: a Wireless trans 
ceiver for transceiving a message to/from an outside device 
through a Wireless network; a storage for storing an inte 
grated messaging service program and messages; a keypad 
for receiving a message content and a menu selecting signal 
in the IUI; a displayer for displaying the message content 
and description data in the IUI; and a controller for provid 
ing the IUI to the keypad and the displayer, determining a 
message kind of the message to be transmitted, generating 
an outgoing message including identi?cation data, transmit 
ting the outgoing message, displaying the message content 
and the description data in the IUI, determining a message 
kind of a received message, dividing the received message 
into a message content and description data, and displaying 
the message content and the description data in the IUI. 
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WIRELESS COMMUNICATING TERMINAL 
FOR PROVIDING INTEGRATED 

MESSAGING SERVICE AND METHOD 
THEREOF 

FIELD OF THE INVENTION 

The present invention relates to a wireless communication 
terminal having a function of providing an integrated mes 
saging service; and, more particularly, to a wireless com 
munication terminal and a method for transmitting and 
receiving various kinds of messages, e. g., a text message and 
a multimedia message, by using an integrated messaging 
service program without changing a transmission protocol or 
a network. 

DESCRIPTION OF RELATED ART 

A wireless communication terminal includes a mobile 
communication terminal, a Personal Communication Station 
(PCS), a Personal Digital Assistance (PDA), a smart phone, 
an International Mobile Telecommunication (IMT)-2000 
terminal and a wireless Local Area Network (LAN) terminal 
capable of transmitting and receiving multimedia contents, 
e.g., text data, voice data, images, and moving pictures. 

The wireless communication terminal provides functions 
of voice communications and a text messaging. Recently, 
the mobile terminal is provided with a multimedia message 
transceiving service including text data, voice data, images, 
and moving pictures. 
A conventional wireless communication terminal pro 

vides messaging services in different user interfaces accord 
ing to the kind of messages e.g., a text message and a 
multimedia message. 

Therefore, in the conventional method, a user should use 
a different interface according to the message kind to trans 
mit and receive the text message or the multimedia message. 

Also, although the user does not need to know each 
technology used for each message type, the conventional 
wireless terminal provides different terms for each of mes 
saging menus. Therefore, there is a problem that the user 
should use the various messaging services frequently in the 
conventional method. 

The conventional wireless communication terminal man 
ages incoming/outgoing messages in an in-box and an 
out-box based on a concept that the message is a kind of a 
letter. The conventional messaging service provides late 
response in a communication, compared to an Internet 
instant messenger. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a wireless communication terminal and a method for 
transmitting and receiving different kinds of messages, e.g., 
a text message and a multimedia message in an integrated 
user interface by using an integrated messaging service 
program in order to provide an easy and user-friendly 
interface without modifying a transmission protocol or a 
network. 

In accordance with an aspect of the present invention, 
there is provided a wireless communication terminal having 
a function of providing an integrated messaging service, the 
wireless communication terminal including: a wireless 
transceiver for transceiving a message to/from an outside 
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2 
device through a wireless network; a storage for storing an 
integrated messaging service program and messages in order 
to provide an integrated user interface (IUI); a keypad for 
receiving a message content and a menu selecting signal in 
the IUI; a displayer for displaying the message content and 
description data in the IUI; and a controller for providing the 
IUI to the keypad and the displayer by operating the inte 
grated messaging service program, determining a message 
kind of the message to be transmitted which is inputted in 
the IUI, generating an outgoing message including identi 
?cation data corresponding to the message kind, transmit 
ting the outgoing message, displaying the message content 
and the description data of the outgoing message in the IUI, 
determining a message kind of a received message, dividing 
the received message into a message content and description 
data, displaying the message content and the description 
data in the IUI, and controlling elements in the wireless 
communication terminal. 

In accordance with another aspect of the present inven 
tion, there is provided a method for transmitting a message 
in a wireless communication terminal for providing an 
integrated messaging service, the method including the steps 
of: inputting a message content in an IUI; determining a 
message kind of the message content; generating an outgo 
ing message including identi?cation data; transmitting the 
outgoing message to a receiving terminal; and displaying the 
message content with description data in the IUI. 

In accordance with another aspect of the present inven 
tion, there is provided a method for receiving a message in 
a wireless communication terminal for providing an inte 
grated message service, the method including the steps of: 
determining a message kind of an incoming message; 
informing of the incoming message to a user; when a display 
form transformation request is received, dividing the incom 
ing message into a message content and identi?cation data 
and transforming the message content into a display form of 
an IUI; and displaying the transformed message content and 
description data in the IUI. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the present 
invention will become apparent from the following descrip 
tion of the preferred embodiments given in conjunction with 
the accompanying drawings, in which: 

FIG. 1 is a block diagram showing a wireless communi 
cation terminal having a function of providing an integrated 
message service in accordance with a preferred embodiment 
of the present invention; 

FIG. 2 is a ?owchart describing a method for transmitting 
a message in a wireless communication terminal having a 
function of providing an integrated message service in 
accordance with a preferred embodiment of the present 
invention; 

FIG. 3 is a ?owchart describing a method for receiving a 
message of a wireless communication terminal having a 
function of providing an integrated message service in 
accordance with a preferred embodiment of the present 
invention; and 

FIGS. 4A to 4C are block diagrams showing an integrated 
user interface in a wireless communication terminal having 
a function of providing an integrated message service in 
accordance with a preferred embodiment of the present 
invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Hereinafter, a Wireless communication terminal and the 
method for providing the integrated messaging service Will 
be described in detail With reference to the accompanying 
draWings. 

The Wireless communication terminal in accordance With 
the present invention can transmit/receive various kinds of 
messages such as a text message and a multimedia message. 

FIG. 1 is a block diagram shoWing the Wireless commu 
nication terminal having a function of providing an inte 
grated message service in accordance With a preferred 
embodiment of the present invention. 
As shoWn, the Wireless communication terminal having a 

function of providing an integrated messaging service 
includes a Wireless transceiver 11, a storage 12, a CODEC 
13, a controller 14, a speaker 15, a keypad 16, a displayer 17 
and a microphone 18. 

The Wireless transceiver 11 transmits/receives a text mes 
sage and an informing message of a multimedia message 
to/from another terminal through a Wireless netWork and 
transmits/receives the multimedia message including a mul 
timedia ?le to/from a multimedia contents server. 

The storage 12 stores an integrated messaging program, a 
phone book, Wherein the integrated messaging program 
provides an integrated user interface (IUI) for transmitting/ 
receiving messages regardless of a message kind and the 
phone book includes a telephone number and a nick name of 
another terminal. 

The CODEC 13 converts a voice signal received from the 
Wireless communication terminal into voice and outputs the 
voice to the speaker 15. Also, the CODEC 13 converts the 
voice received from the microphone 18 into the voice signal 
and then transmits the voice signal to the controller 14 so 
that the voice signal is released through the Wireless trans 
ceiver 11 under the control of the controller 14. 

The controller 14 provides the IUI to the inputting unit 16 
and the displayer 17 by operating the integrated messaging 
program stored in the storage 12. When the Wireless com 
munication terminal transmits a message (hereinafter, Which 
is referred to as an outgoing message), the controller 14 
determines the message kind of an outgoing message based 
on Whether a multimedia ?le is included in the message 
content or not; generates the outgoing message provided 
With identi?cation data of a determined message kind and 
transmits the outgoing message; and displays the message 
content and the identi?cation data of the outgoing message 
in the IUI. When the Wireless communication terminal 
receives a message (hereinafter, Which is referred to as an 
incoming message), the controller 14 determines the mes 
sage kind of the incoming message based on the identi?ca 
tion data of the incoming message; divides the incoming 
message into message content and the identi?cation data and 
transforms the message content according to a display form 
of the IUI; displays the message content and description 
data; and controls other elements included in the Wireless 
communication terminal. 

The speaker 15 receives the voice from the CODEC 13 
and outputs the voice. 

The inputting unit 16 receives the message content of the 
outgoing message and a menu selection signal from the user 
in the integrated user interface. 

The displayer 17 displays the message content of the 
incoming and outgoing message and the description data. 

The microphone 18 receives the voice and transmits the 
voice to the CODEC 13. 
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4 
FIG. 2 is a ?owchart describing a method for transmitting 

a message in the Wireless communication terminal having a 
function of providing an integrated message service in 
accordance With a preferred embodiment of the present 
invention. 
A message content of the outgoing message is inputted by 

a user in the IUI at step S201. Because the IUI is one of main 
menus of the Wireless communication terminal, the inte 
grated messaging service is operated automatically by the 
controller 14 to provide the IUI When the poWer of the 
Wireless communication terminal is turned on. Therefore, 
the IUI can be used Without an additional request for 
operating the integrated messaging service. 
The controller 14 determines the kind of a message 

according to Whether a multimedia ?le is included in the 
message content or not at step S202. If the message content 
include only texts, the kind of the message content is 
determined as a text message. If the message content include 
a multimedia ?le, the kind of a message is determined as a 
multimedia message. 
The multimedia ?le means a ?le including text, image, 

voice and/or moving pictures. The multimedia ?le must be 
transmitted to a receiving terminal through the multimedia 
contents server differently from the text that is transmitted to 
the receiving terminal directly. 

If the message kind of the outgoing message is the text 
message, the identi?cation data for the text message is 
generated at step S203. The identi?cation data include caller 
information such as a telephone number and a name and 
time information such as transmission time. 

The outgoing message Which is a text message (herein 
after, Which Will be referred to as an outgoing text message) 
provided With the message content and the identi?cation 
data are generated at step S204, and the outgoing text 
message is transmitted to the receiving terminal at step 
S205. 
The identi?cation data identify the kind of the outgoing 

message. The text message and the multimedia message are 
transmitted to the receiving terminal in different routes. 
Therefore, the identi?cation data of the text message are 
different from the identi?cation data of the multimedia 
message. 
The message content of the outgoing text message, i.e., 

the text is transformed into a display form of the IUI and 
displayed With description data in the IUI at step S206. 
The description data present the description of the incom 

ing/outgoing messages in the IUI on the displayer. The 
description data include incoming/outgoing description data 
for indicating the incoming message or the outgoing mes 
sage and ?le description data, Which are applied to only 
multimedia messages, for indicating a kind of multimedia 
?les such as images, voice and moving images. 

For example, the incoming/outgoing description data can 
be a sender/recipient name, a nickname, a telephone number 
or an icon, and the incoming/outgoing description data are 
displayed on a side of the message content. Also, the ?le 
description data can be icons, thumbnails or snapshots of the 
moving pictures and the ?le description data are displayed to 
inform that the multimedia ?les are included in the mes 
sages. 
At the step S206, the description data for the outgoing text 

message includes the outgoing description data. 
If the message kind of the outgoing message is the 

multimedia message, the identi?cation data for the multi 
media message are generated at step S203. The identi?cation 
data for the multimedia messages include the caller infor 
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mation such as a telephone number and a name, the time 
information such as transmission time, and multimedia ?le 
information at step S207. 

The multimedia message including the multimedia ?le 
and the informing message of the multimedia message are 
generated at step S208. The informing message is a text 
message for informing multimedia message transmission 
and it includes the message content except the multimedia 
?le and the identi?cation data generated at step S207. 

The informing message is transmitted to the receiving 
terminal at step S209 and the multimedia message is trans 
mitted to the multimedia contents server so that the receiv 
ing terminal can access to the multimedia contents server to 
receive the multimedia message With the multimedia ?le at 
step S210. 
The message content is transformed into the display form 

of the lUl and displayed With the description data, Wherein 
the description data include the outgoing description data 
and the multimedia ?le data. 

FIG. 3 is a ?owchart describing a method for receiving a 
message of a Wireless communication terminal having a 
function of providing an integrated message service in 
accordance With a preferred embodiment of the present 
invention. 

The message kind of the message received from a trans 
mitting terminal (hereinafter, Which is referred to as an 
incoming message) is determined based on the identi?cation 
data included in the incoming message at step S301. 

If the incoming message is a text message, reception of 
the incoming message is informed to the user by using an 
icon, sound or vibration at step S302. 
When a request signal for displaying the text message is 

received through the inputting unit at step S303, the text 
message is divided into the message content and the iden 
ti?cation data at step S304 and the message content is 
transformed into the display form of the lUl at step S304. 

The message content of the text message and the descrip 
tion data are displayed in the lUl at step S305. 

If the incoming message is an informing message, recep 
tion of the incoming message Which is a multimedia mes 
sage is informed to the user by using an icon, sound or 
vibration at step S306. 
When a request signal for displaying the multimedia 

message is received through the inputting unit 17 at step 
S307, the informing message is divided into the identi?ca 
tion data and the message content and then the message 
content is transformed into the display form of the lUl at 
step S308. 
The message content of the informing message and the 

description data are displayed in the lUl at step S309, 
Wherein the description data include the incoming descrip 
tion data and the ?le description data. The ?le description 
data can be obtained based on the identi?cation data. 
When a request signal for receiving the multimedia mes 

sage is received through the inputting unit 17 at step S307, 
the receiving terminal accesses to the multimedia contents 
server having a Uniform Resource Locator (URL) of the 
identi?cation data in the informing message and receives the 
multimedia message With the multimedia ?le at step S311. 

The displayer 16 displays the multimedia message in a 
display form of a letter supported the conventional Wireless 
communication terminal at step S312. 
When a user uses a messaging service in the initial time, 

the user selects an lUl menu in an initial menu screen to 

transmit/receive a message in the lUl. On other hand, if a 
neW message is transmitted or received When the user uses 

the messaging service in the IUI, a message list is scrolled 
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6 
on the displayer so that the oldest message disappears in the 
message list and the neW message is displayed in the 
message list in a sequence of message reception/transmis 
sion. The oldest message can be back to be displayed again 
upon a user request. 

FIGS. 4A and 4C are diagrams illustrating integrated user 
interface of the Wireless communication terminal having an 
integrated messaging service in accordance With an embodi 
ment of the present invention. 

FIG. 4A shoWs an initial screen display of the integrated 
user interface outputted to provide the integrated messaging 
service upon a menu selecting signal from the user in 
accordance With an embodiment of the present invention. 
Prior to regular message transmission/reception, a user 
selects a message receiving part to receive a message on the 
integrated user interface by searching the telephone book, 
inputting a telephone number directly, or selecting a par 
ticular person in the recent call record, Which is a list 
containing recent message transmitting/receiving parts Who 
have transmitted/received messages through the integrated 
user interface. 

FIG. 4B presents an example of messages transmitted and 
received betWeen a user A and a current user B of the 
Wireless communication terminals. To identify transmitted/ 
received message, ‘A’ and ‘B,’ Which mean tWo users, are 
used as transmitting/receiving identifying information. Also, 
‘(MMS)’ is used as data classifying information to distin 
guish the data type of a multimedia message. Also, it is 
possible to realiZe the data classifying information in forms 
of icons, thumbnail previeW images, and miniaturized 
images from the ?rst scene of video in order to distinguish 
the data type more in detail. 
As shoWn in a display image 41 of FIG. 4B, short 

messages transmitted/received betWeen the users A and B 
and an informing message of a multimedia message trans 
mitted from the user A are outputted onto the integrated user 
interface in the transmitted/received order. Herein, the mes 
sages outputted onto the integrated user interface can be 
displayed in a plurality of lines or they can be displayed in 
the form of a letter supported in the conventional Wireless 
communication terminal by selecting a particular message 
With a cursor or an item selecting signal. Then, a message 
outputted upon the selection can be converted into an output 
form of the integrated user interface, i.e., a messenger form. 
For example, When a short message is elected With a cursor, 
a full text message is outputted in a plurality of lines. Before 
the selection, only part of the text message is displayed. 
When the short message selected With the cursor is selected 
again by using an item selecting signal, it can be outputted 
in a letter form, Which is supported in the conventional 
Wireless communication terminal, on the entire screen, 
instead of being outputted in the output form of the inte 
grated user interface. 
An image 42 of FIG. 4B shoWs a display outputted When 

an informing message of the multimedia message shoWn in 
the image 41 is selected by using the item selecting signal. 
The Wireless communication terminal accesses to a multi 
media contents server based on the URL of identifying 
information included in the informing message, receives the 
multimedia message, i.e., a multimedia ?le, and outputs it in 
a letter form of the integrated user interface supported in the 
conventional Wireless communication terminal. It is also 
possible to convert the output form from the letter form to 
the integrated user interface upon a request from the user. 
As described above, an entire message can be outputted in 

the integrated user interface by selecting the cursor and an 
item selecting signal, and it can be also outputted in the 
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output form of the integrated user interface in the letter form 
supported by the conventional Wireless communication ter 
minal compatibly. 

Meanwhile, referring to images 43 and 45 of FIG. 4C, a 
multimedia message is authored by the user B on an input 
WindoW of the integrated user interface. 

That is, after the text content to be included in the 
multimedia message is inputted (to be more precise, after the 
text content is included in an informing message and trans 
mitted), Which is shoWn in the image 43 of FIG. 4C, the user 
B enters the ?le selecting menu by inputting a predetermined 
key and selects a multimedia ?le to be transmitted to another 
user, such as an image ?le, Which is shoWn in an image 44 
of FIG. 4C. Herein, the predetermined key means a prede 
termined menu key, a side key, or a soft key. The key can be 
embodied in diverse methods. The multimedia ?le selected 
by the user B is converted to conform to the output form of 
the integrated user interface and displayed on the input 
WindoW and, thus, previously transmitted and received mes 
sages are scrolled up and not shoWn on the monitor, Which 
is illustrated in an image 45 of FIG. 4C. 

Also, the image 45 of FIG. 4C shoWs that the siZe of the 
input WindoW is changed, as the siZe of the message inputted 
by the user B becomes large. For example, in case Where the 
content of the text message is long, the siZe of the input 
WindoW becomes large. If a multimedia ?le is attached, the 
input WindoW becomes small to shoW the ?le. Herein, data 
classi?cation information can be used to inform the user of 
the attachment of the multimedia ?le, instead of outputting 
the ?le itself. 
As described above, the present invention provides an 

integrated user interface for transmitting/receiving diverse 
kinds of messages through one integrated user interface by 
using an integrated messaging service program. 

The present invention provides a Wireless communication 
terminal and a method for transmitting and receiving mes 
sages of various kinds, e.g., a text message and a multimedia 
message, by using an integrated messaging service program 
Without changing a transmission protocol or a netWork to 
thereby provide a user-friendly interface to a user. 

The present invention provides user-friendly interface of 
the messaging service so that the user can use multimedia 
messaging service frequently and provides an instant mes 
senger-like interface that can be compared With the conven 
tional messaging service so that the user can exchange 
responses fast using the integrated messaging service. 

Since the present invention can be embodied Without 
changing the conventional protocol or the netWork, it does 
not require additional expense for it. 

The present application contains subject matter related to 
Korean patent application Nos. 2004-25882 and 2004 
83073, ?led in the Korean intellectual Property Office on 
Apr. 14, 2004, and Oct. 18, 2004, respectively, the entire 
contents of Which being incorporated herein by reference. 

While the present invention has been described With 
respect to certain preferred embodiments, it Will be apparent 
to those skilled in the art that various changes and modi? 
cations may be made Without departing from the scope of the 
invention as de?ned in the folloWing claims. 
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What is claimed is: 
1. A Wireless communication terminal having a function 

of providing an integrated messaging service, the Wireless 
communication terminal comprising: 

a Wireless transceiver for transceiving a message to/from 
an outside device through a Wireless netWork; 

a storage for storing an integrated messaging service 
program and messages in order to provide an integrated 
user interface (IUI); 

a keypad for receiving a message content and a menu 
selecting signal in the lUl; 

a displayer for displaying the message content and 
description data in the lUl; and 

a controller for providing the IUI to the keypad and the 
displayer by operating the integrated messaging service 
program, determining a message kind of the message to 
be transmitted Which is inputted in the IUI, generating 
an outgoing message including identi?cation data cor 
responding to the message kind, transmitting the out 
going message, displaying the message content and the 
description data of the outgoing message in the IUI, 
determining a message kind of a received message, 
dividing the received message into a message content 
and description data, displaying the message content 
and the description data in the IUI, and controlling 
elements in the Wireless communication terminal. 

2. The Wireless communication terminal as recited in 
claim 1, Wherein the description data include incoming/ 
outgoing description data in order to present Whether the 
message is transmitted or received. 

3. The Wireless communication terminal as recited in 
claim 1, Wherein the controller generates a multimedia 
message including a multimedia ?le and transmits the mul 
timedia message to a multimedia contents server so that a 

Wireless communication terminal of a receiving part 
accesses to the multimedia contents server and receives the 
multimedia message When the outgoing message is a mul 
timedia message; and 

the controller accesses to the multimedia contents server 
based on a Uniform Resource Locator (URL) included 
in an informing message and receives the multimedia 
message including the multimedia ?le to thereby dis 
play the multimedia message in the IUI When an 
incoming message is an informing message of the 
multimedia message. 

4. The Wireless communication terminal as recited in 
claim 3, Wherein the outgoing/incoming message is dis 
played With incoming/outgoing description data to indicate 
Whether the message is transmitted or received and ?le 
description data to present a ?le kind included in the 
message content. 

5. The Wireless communication terminal as recited in 
claim 3, Wherein When a display form transformation 
request is received, an IUI display form is transformed into 
a conventional display form or the conventional display 
form into the IUI display form, and the message content is 
displayed on the displayer. 

* * * * * 
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METHOD FOR SELECTING AND 
CONTROLLING SECOND WORK PROCESS 

DURING FIRST WORK PROCESS IN 
MULTITASKING MOBILE TERMINAL 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

This application is a Continuation of U.S. patent appli 
cation Ser. No. 14/840,844, filed on Aug. 31, 2015, which is 
a Continuation of U.S. patent application Ser. No. 1 1/495, 
863, filed on Jul. 28, 2006, now U.S. Pat. No. 9,122,518, and 
claims priority from and the benefit of Korean Patent 
Application No. 10-2005-0073877 filed on Aug. 11, 2005, 
and Korean Patent Application No. 10-2005-0102198 filed 
on Oct. 28, 2005, each of which is hereby incorporated by 
reference for all purpose as if fully set forth herein. 

BACKGROUND 

Field 
The present invention relates to a method for controlling 

a plurality of work processes in a multitasking mobile 
terminal, and more particularly, to a method for selecting a 
second work process during a first work process and con 
trolling a predetermined function of the selected second 
work process. 

Discussion of the Background 
With the recent advance of mobile communication tech 

nology, various kinds of mobile terminals such as hand-held 
phones and personal digital assistants (PDAs) are commer 
cially available. The mobile terminals have a wireless com 
munication function, a camera function, a multimedia play 
function, an Internet connection function, and the like. Also, 
as the performance of microprocessors built in the mobile 
terminals is improved, a plurality of work processes can be 
performed concurrently. For example, an MP3 music file can 
be played during a phone call, or a short message service 
(SMS) message can be sent while an MP3 music file is 
played. 

FIG. 1 is a functional block diagram of a conventional 
multitasking mobile terminal that concurrently performs a 
plurality of work processes. A mobile chipset 1 controls an 
overall operation of the mobile terminal according to user 
commands. The mobile chipset 1 transmits a control signal 
through a data bus 3 to a camera module 5, an MP3 module 
7, and an Internet module 9 according to the user commands. 
Work processes of the camera module 5, the MP3 module 7. 
and the Internet module 9 are concurrently performed 
according to the control signal. 

FIG. 2 is a flowchart illustrating a conventional method 
for selecting a second work process during a first work 
process in a multitasking mobile terminal that concurrently 
performs a plurality of work processes. In step S10, while a 
first work process is performed, a user command for a 
second work process is inputted. In step S12, a menu 
window for selecting a new work process is displayed on a 
display of the mobile terminal in response to the user 
command. In step S14, the user selects a desired new work 
process through the displayed menu window. In steps S16 
and S17, when the user wants to change the selected process 
into another new process, the selected work process is 
terminated. In step S18, a user command for selecting the 
another new work process is inputted. In step S19, the 
another new work process is selected through the displayed 
menu window in response to the user command. 
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2 
FIG. 3 is a flowchart chart illustrating a conventional 

method for controlling a predetermined function of a second 
work process during a first work process in a multitasking 
mobile terminal that concurrently performs a plurality of 
work processes. 

In step S20, assuming that the first work process is an 
MP3 play process and the second work process is an SMS 
message creation process, a first command of user for the 
SMS message creation process is inputted while an MP3 
music file is played. In step S21, a screen for the SMS 
message creation process is displayed in response to the first 
command of user, and the SMS message creation process is 
performed while the MP3 music file is played. In step S23, 
it is determined whether or not a second command of user 
for controlling a function of the MP3 play process is inputted 
while an SMS message is created. In steps S25 and S27. 
when the second command of user is inputted, the SMS 
message that is being created is stored in the memory and the 
SMS message creation process is terminated. In step S29, 
after the termination of SMS message creation process, the 
function of the MP3 play process is controlled. When the 
SMS message creation process is terminated, a screen for the 
MP3 play process is again displayed, and a third command 
of user for controlling the function of the MP3 play process 
is inputted. A control signal corresponding to the third 
command of user is generated and the function of the MP3 
play process is controlled. 

SUMMARY 

In the conventional method for selecting the work pro 
cess, when selecting a wok process that is concurrently 
performed, the user has to select a new work process through 
a displayed menu window. Also, in order to terminate a 
predetermined work process among a plurality of work 
processes that are concurrently performed and select a new 
work process, the user has to select the new work process 
through the menu window. 

Also, in the conventional method for controlling a func 
tion of the work process, the user has to terminate an SMS 
message creation process So as to control a function of an 
MP3 play process (e.g., volume control, list selection of 
MP3 music files) while creating an SMS message. In case 
where the SMS message creation process is terminated, the 
SMS message that is being created is deleted or stored in a 
predetermined memory space Such as a temporary mailbox. 
Consequently, the conventional method is inconvenient in 
that the user has to again select the SMS message creation 
process and create the SMS message or reload the SMS 
message stored in the temporary mailbox. 
The present invention provides a method for selecting a 

work process of a multitasking mobile terminal through an 
icon corresponding to the work process. 
The present invention also provides a method for con 

trolling a function of a work process through an activated 
pop-up menu in a multitasking mobile terminal that concur 
rently performs a plurality of work processes. 

According to an aspect of the present invention, there is 
provided a method for selecting a second work process 
during a first work process in a multitasking mobile terminal 
that concurrently performs the first work process and the 
second work process. The selecting method includes: input 
ting a user command for selecting the second work process; 
and displaying an icon corresponding to the second work 
process in response to the user command, and selecting the 
second work process based on the displayed icon. 
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According to another aspect of the present invention, 
there is provided a method for controlling a predetermined 
function of a second work process during a first work 
process in a multitasking mobile terminal that concurrently 
performs the first work process and the second work process. 
The controlling method includes: inputting a first command 
of user for selecting a predetermined function of the second 
work process; activating a pop-up menu for controlling the 
predetermined function of the second work process in 
response to the first command of user, and controlling the 
predetermined function of the second work process through 
the activated pop-up menu. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the 
present invention will become more apparent by describing 
in detail exemplary embodiments thereof with reference to 
the attached drawings in which: 

FIG. 1 is a functional block diagram of a conventional 
multitasking mobile terminal that concurrently performs a 
plurality of work processes; 

FIG. 2 is a flowchart illustrating a conventional method 
for selecting a second work process during a first work 
process in a multitasking mobile terminal that concurrently 
performs a plurality of work processes; 

FIG. 3 is a flowchart illustrating a conventional method 
for controlling a function of a second work process during 
a first work process in a multitasking mobile terminal that 
concurrently performs a plurality of work processes; 

FIG. 4 is a flowchart illustrating a method for selecting a 
second work process in a multitasking mobile terminal that 
concurrently performs a first work process and the second 
work process; 

FIGS.5A, 5B, 5C, and 5D illustrate the displayed icons 
of the work processes according to an embodiment of the 
present invention; 

FIG. 6 is a functional block diagram of an apparatus for 
selecting a work process of a multitasking mobile terminal 
that concurrently performs a first work process and a second 
work process according to an embodiment of the present 
invention; 

FIG. 7 is a flowchart illustrating a method for controlling 
a function of an MP3 play process during the creation of an 
SMS message in a multitasking mobile terminal that con 
currently performs the MP3 play process and the SMS 
message creation process; 

FIGS. 8A and 8B illustrate the displayed pop-up menus 
according to an embodiment of the present invention; and 

FIG. 9 is a functional block diagram of an apparatus for 
controlling a function of the MP3 play process in the 
multitasking mobile terminal that concurrently performs the 
MP3 play process and the SMS message creation process 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

Hereinafter, a method for selecting a second work process 
during a first work process and controlling a function of the 
selected second work process according to the present 
invention will be described in detail with reference to the 
accompanying drawings. 

FIG. 4 is a flowchart illustrating a method for selecting a 
second work process in a multitasking mobile terminal that 
concurrently performs a first work process and the second 
work process according to an embodiment of the present 
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4 
invention. Referring to FIG. 4, in step S30, a user command 
for selecting the second work process is inputted. In step 
S32, while the first work is processed through the first work 
process of the mobile terminal, a first command of user for 
multitasking of the second work process together with the 
first work is inputted. Icons corresponding to the work 
processes are displayed in response to the first user com 
mand. The icons are previously designated with respect to 
all work processes of the mobile terminal. Every when the 
first command of user is inputted, the icons are displayed in 
turn. 

In step S34, when an icon corresponding to the second 
work process the user wants to select is displayed, a second 
command of user for selecting the displayed icon is inputted. 
In step S36, the first work of the first work process and the 
second work of the second work process are concurrently 
processed in response to the second command of user. For 
example, when the user intends to send an SMS message 
while an MP3 music file is played, an MP3 play process and 
an SMS message send process are divided in quantum units 
and alternately processed at regular time intervals. 

In step S38, an icon corresponding to the first work 
process is preferably displayed together with an activated 
screen image of the second work process. The user can know 
from the displayed icon that the first work process is 
concurrently performed in the second work process. 

FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D illustrate the 
displayed icons of the work processes according to an 
embodiment of the present invention. 

Referring to FIG. 5A, an icon indicating an MP3 play 
process is displayed in a first portion of a display 40, while 
an MP3 music file is played. 

Referring to FIG. 5B, when a first command of user for 
sending an SMS message is inputted while an MP3 music 
file is played, an icon indicating an SMS message creation 
process is displayed in a first portion of a display 41. 

Referring to FIG. 5C, when a second command of user for 
selecting a displayed SMS icon is inputted, an SMS message 
creation process is activated, and an MP3 play process and 
the SMS message creation process are performed concur 
rently. Preferably, an icon corresponding to the MP3 play 
process that is performed concurrently is displayed in a first 
portion of a display 42 together with a screen of the SMS 
message creation process. 

Referring to FIG. 5D, when a first command of user for 
selecting a new work process of a camera mode is inputted, 
an icon corresponding to a camera mode work process is 
displayed in a first portion of a display 43 in response to the 
first user command. By selecting the displayed camera mode 
icon, the work process for sending an SMS message is 
changed to the camera mode work process. 

FIG. 6 is a functional block diagram of an apparatus for 
selecting the work process of the multitasking mobile ter 
minal that concurrently performs the first work process and 
the second work process. Referring to FIG. 6, the apparatus 
according to the present invention includes a user interface 
50, a second work process selecting unit 60, a multiprocess 
ing unit 70, a display 80, a data bus 90, and a plurality of 
application units 92, 94 and 96. The plurality of application 
units 92.94 and 96 are controlled via the data bus 90 by the 
multiprocessing unit 70. 
A user commands for changing the work process of the 

mobile terminal is inputted through the user interface 50. 
The user interface 50 may be a voice recognition unit for 
recognizing user's voice, or a motion recognition unit for 
recognizing a motion of the mobile terminal. 
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A first command of user for selecting the second work 
process that is concurrently performed together with the first 
work process of the mobile terminal is inputted through the 
user interface 50 to the second work process selecting unit 
60. The second work process selecting unit 60 includes an 
icon activating unit 62 and a selecting unit 64. Every when 
the first command of user is inputted, the icon activating unit 
62 sequentially displays icons corresponding to the respec 
tive work processes of the mobile terminal through the 
display 80. A second command of user is inputted through 
the user interface 50 to the selecting unit 64 so as to select 
the second work process concurrently performed together 
with the first work process among the sequentially displayed 
icons. The selecting unit 64 provides the work process 
corresponding to the selected icon to the multiprocessing 
unit 70 in response to the second user command. 

The multiprocessing unit 70 includes a temporary queue 
72 and a processing unit 74. The temporary queue 72 stores 
the first work process and the second work process, which 
are provided from the selecting unit 64 and performed 
concurrently. The processing unit 74 generates a control 
signal for alternately performing the first work process and 
the second work process, which are stored in the temporary 
queue 72, at regular time intervals. The processing unit 74 
is connected through the data bus 90 to the MP3 module 92. 
the camera module 94, and the Internet module 96. The MP3 
module 92, the camera module 94, and the Internet module 
96 perform a work process of an MP3 play mode, a work 
process of a camera mode, and a work process of an Internet 
connection mode in response to the control signal outputted 
from the processing unit 74, respectively. Other applications 
can be further added to the mobile terminal according to the 
fields to which the present invention is applied. It is apparent 
to those skilled in the art that these embodiments will fall 
within the scope of the present invention. 

FIG. 7 is a flowchart illustrating a method for controlling 
a function of the MP3 play process, while the SMS message 
is created, according to an embodiment of the present 
invention. 

Referring to FIG. 7, in step S40, a first command of user 
is inputted so as to control the function of the MP3 play 
process while the SMS message is created. In step S42, a 
pop-up menu for controlling the function of the MP3 play 
process is activated in the display of the mobile terminal in 
response to the first command of user. 

In step S44, when the pop-up menu is activated, a second 
command of user is inputted for controlling the function of 
the MP3 play process, and the function of the MP3 play 
process is controlled in response to the second command of 
user. When the pop-up menu is activated, a pop-up process 
for controlling the function of the MP3 play process is 
assigned to a temporary queue by using the activated pop-up 
menu, and the pop-up process is concurrently performed 
together with the creation of the SMS message. 

That is, the pop-up process and the SMS message creation 
process are divided in quantum units, and the pop-up process 
and the SMS message send process are alternately per 
formed at regular time intervals. When the second command 
of user is inputted, the pop-up process generates the control 
signal corresponding to the second command of user and 
provides the generated control signal to the MP3 play 
process. The MP3 play process controls the function of the 
MP3 play process in response to the control signal. 

In step S46, it is determined whether or not a third 
command of user for returning to the SMS message creation 
process is inputted. In step S48, when the third command of 
user is inputted after the control of the function of the MP3 
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6 
play process is completed, the activated pop-up menu is 
deactivated. Even though the pop-up menu is deleted from 
the temporary queue and the pop-up process is terminated, 
the MP3 play process and the SMS message creation process 
continue to be performed and the user can keep on creating 
the SMS message while listening to the MP3 music. 

Preferably, the first to third commands of user may be 
inputted through a predetermined key arranged at a keypad 
of the mobile terminal, a user's voice, a motion of the mobile 
terminal, and the like. 

Preferably, the first and third commands of user may be 
inputted through the identical key of the mobile terminal. 

FIG. 8A and FIG. 8B illustrate the displayed pop-up 
menus according to an embodiment of the present invention. 

FIG. 8A illustrates a pop-up menu displayed when the 
MP3 play process and the SMS message creation process are 
concurrently performed. Preferably, an icon 44 indicating 
the MP3 play process concurrently performed together with 
the SMS message creation process is also displayed in a 
portion of a display. 

FIG. 8B illustrates a pop-up menu displayed in response 
to the first command of user. The pop-up menu 46 has a 
predetermined format, and image information for the pop-up 
menu 46 displayed is stored in the memory of the mobile 
terminal. Preferably, in response to the first command of 
user, the pop-up menu 46 may be displayed brightly and 
clearly, while the screen corresponding to the SMS message 
process may be displayed darkly and unclearly. 

FIG. 9 is a functional block diagram of an apparatus for 
controlling the function of the MP3 play process in the 
multitasking mobile terminal that concurrently performs the 
MP3 play process and the SMS message creation process 
according to an embodiment of the present invention. Refer 
ring to FIG. 9, the apparatus according to the present 
invention includes a user interface 100, a pop-up menu 
activating unit 110, a function controlling unit 120, a tem 
porary queue 130, a display 140, a data bus 150, a plurality 
of application modules 161, 163 and 165, and a memory 
170. 
A first command of user is inputted through the user 

interface 100. The pop-up menu activating unit 110 acquires 
image information of a pop-up menu stored in the memory 
170 in a predetermined format through the data bus 150, and 
activates the pop-up menu on the display 140. Meanwhile, 
the temporary queue 130 stores a pop-up process. 
A second command of user for controlling the function of 

the MP3 play process is inputted through the user interface 
100, and the function controlling unit 120 generates a first 
control signal for controlling the pop-up menu in response to 
the second command of user. The MP3 play process, the 
SMS message creation process, and the pop-up process, 
which are stored in the temporary queue 130, are alternately 
performed at regular time intervals. The generated first 
control signal is transferred through the data bus 150 to the 
MP3 module, and the function of the MP3 play process is 
controlled. 
A third command of user for terminating the pop-up 

process is inputted through the user interface 100. The 
function controlling unit 120 generates a second control 
signal for deactivating the pop-up menu in response to the 
third command of user. The generated second control signal 
is transferred through the data bus 150 to the temporary 
queue 130. The temporary queue 130 deletes the pop-up 
process in response to the second control signal, thus ter 
minating the pop-up process. 
The embodiments of the present invention can be written 

as computer programs and can be implemented in general 

Case 5:22-cv-00113-RWS-JBB   Document 1-8   Filed 09/02/22   Page 16 of 18 PageID #:  188

IPR2023-01267, -01268, -01269, 
-01270, -1272, -01273 | Page 188



US 9,575,631 B2 
7 

use digital computers that execute the programs using a 
computer readable recording medium. Examples of the 
computer readable recording medium include magnetic Stor 
age media (e.g., ROM, floppy disks, hard disks), optical 
recording media (e.g., CD-ROMs, or DVDs), and storage 
media Such as carrier waves (e.g., transmission through the 
Internet). 
The above-mentioned method for selecting the second 

work process according to the present invention can simply 
select the second work process by selecting the icons 
sequentially displayed while the first work process is per 
formed. 

Also, the above-described method for controlling the 
function of the second work process according to the present 
invention can simply control the function of the MP3 play 
process during the creation of the SMS message by control 
ling the function of the MP3 play process through the pop-up 
menu in the multitasking mobile terminal that concurrently 
performs the MP3 play process and the SMS message 
creation process. 

Further, the above-described method for controlling the 
function of the second work process according to the present 
invention can continuously create the SMS message after 
controlling the function of the MP3 play process by con 
trolling the function of the MP3 play process through the 
pop-up menu in the multitasking mobile terminal that con 
currently the MP3 play process and the SMS message 
creation process. 

While the present invention has been particularly shown 
and described with reference to exemplary embodiments 
thereof, it will be understood by those of ordinary skill in the 
art that various changes in form and details may be made 
therein without departing from the spirit and scope of the 
present invention as defined by the following claims. 

What is claimed is: 
1. A method for controlling a predetermined function of a 

second work process during a first work process in a 
multitasking mobile terminal that performs the first work 
process and the second work process, the method compris 
ing: 

displaying one icon in a designated portion of a display, 
wherein the displayed icon corresponds to the first 
work process; 

if the displayed icon corresponding to the first work 
process is selected, displaying a screen of the first work 
process in the display; 

in response to a first command for sequentially displaying 
icons, performing sequential display of icons such that 
an icon corresponding to the second work process is 
displayed, wherein the icon corresponding to the sec 
ond work process is displayed in the designated portion 
of the display; 

in response to a second command for changing to the 
second work process, replacing the screen of the first 
work process with a screen of the second work process; 
controlling the multitasking of the second work process 
and the first work process; 

in response to a third command for activating a control menu 
for controlling a predetermined function of the first work 
process, activating the control menu for controlling the 
predetermined function of the first work process; and 

in response to a fourth command for controlling the 
predetermined function of the first work process 
through the activated control menu, controlling the 
predetermined function of the first work process 
through the activated control menu. 
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2. The method of claim 1, wherein the controlling the 

predetermined function of the first work process comprises: 
generating a control signal for controlling the predeter 

mined function of the first work process in response to 
the fourth command; and 

controlling the predetermined function of the first work 
process in response to the generated control signal. 

3. The method of claim 1, further comprising: 
in response to a fifth command for deactivating the 

activated control menu, deactivating the activated con 
trol menu. 

4. The method of claim 1, wherein the first work process 
is an MP3 play process. 

5. The method of claim 1, wherein an item of the first 
work process is displayed relatively brighter or clearer than 
the screen of the first work process. 

6. The method of claim 1, wherein an item of the second 
work process is displayed relatively brighter or clearer than 
an item or a screen of a work process other than the second 
work process. 

7. The method of claim3, wherein the third command and 
the fifth command are inputted through at least one of a 
predetermined key, a user's voice, and a motion of the 
mobile terminal. 

8. The method of claim 1, wherein, in response to a 
repetition of the first command, performing sequential dis 
play of icons such that a displayed icon disappears from a 
screen of the mobile terminal and an icon appears on the 
screen of the mobile terminal. 

9. The method of claim 1, wherein an icon to be displayed 
in the designated portion is replaced with an icon that is 
different from the icon corresponding to the second work 
process in response to the first command. 

10. The method of claim 1, wherein the displayed icon is 
displayed together with at least a part of a screen image of 
a work process in the display. 

11. A method for selecting a second work process during 
a first work process in a multitasking mobile terminal that 
performs the first work process and the second work process 
in a multitasking environment, the method comprising: 

displaying one icon in a designated portion of a display, 
wherein the displayed icon corresponds to the first 
work process; 

if the displayed icon corresponding to the first work 
process is selected, displaying a screen of the first work 
process in the display; 

in response to a first command for sequentially displaying 
icons, performing sequential display of icons such that 
an icon corresponding to the second work process is 
displayed, wherein the icon corresponding to the Sec 
ond work process is displayed in the designated portion 
of the display; 

in response to a second command for changing to the 
second work process, replacing the screen of the first 
work process with a screen of the second work process; 
and 

controlling the multitasking of the second work process 
and the first work process, 

wherein an item of the second work process is displayed 
relatively brighter or clearer than an item or a screen of 
a work process other than the second work process. 

12. The method of claim 11, wherein, in response to a 
repetition of the first command, performing sequential dis 
play of icons such that a displayed icon disappears from a 
screen of the mobile terminal and an icon appears on the 
screen of the mobile terminal. 
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13. The method of claim 11, wherein an icon to be 
displayed in the designated portion is replaced with an icon 
that is different from the icon corresponding to the second 
work process in response to the first command. 

14. The method of claim 11, wherein the first command 
and the second command are inputted through at least one of 
a predetermined key, a user's voice, and a motion of the 
mobile terminal, and 

wherein the displayed icon is displayed together with at 
least a part of a screen image of a work process in the 
display. 

15. The method of claim 11, wherein the screen of the first 
work process is displayed together with sequentially dis 
played icons corresponding to respective work processes of 
the mobile terminal. 

16. A method for selecting a second work process during 
a first work process in a multitasking mobile terminal that 
performs the first work process and the second work process 
in a multitasking environment, the method comprising: 

displaying one icon in a designated portion of a display, 
wherein the displayed icon corresponds to the first 
work process; 

if the displayed icon corresponding to the first work 
process is selected, displaying a screen of the first work 
process in the display; 

in response to a first command for sequentially displaying 
icons, performing sequential display of icons such that 
an icon corresponding to the second work process is 
displayed, wherein the icon corresponding to the sec 
ond work process is displayed in the designated portion 
of the display; 
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in response to a second command for changing to the 

second work process, replacing the screen of the first 
work process with a screen of the second work process; 
and 

controlling the multitasking of the second work process 
and the first work process, 

wherein an item of the first work process is displayed 
relatively brighter or clearer than the screen of the first 
work process. 

17. The method of claim 16, wherein, in response to a 
repetition of the first command, performing sequential dis 
play of icons such that a displayed icon disappears from a 
Screen of the mobile terminal and an icon appears on the 
screen of the mobile terminal. 

18. The method of claim 16, wherein an icon to be 
displayed in the designated portion is replaced with an icon 
that is different from the icon corresponding to the second 
work process in response to the first command. 

19. The method of claim 16, wherein the first command 
and the second command are inputted through at least one of 
a predetermined key, a user's voice, and a motion of the 
mobile terminal, and 

wherein the displayed icon is displayed together with at 
least a part of a screen image of a work process in the 
display. 

20. The method of claim 16, wherein the screen of the first 
work process is displayed together with sequentially dis 
played icons corresponding to respective work processes of 
the mobile terminal. 
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