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AO 120 (Rev. 08/10} 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P,O. Box 1450 

REPORT ON THE 
FILING OR DETER.MINA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

[n Compliance with 35 1-LS.C. § 290 and/or 15 U.S.C. § l l 16 you are hereby advised that a court action has been 

filed in the U.S. District Court Eastern District of Texas on the following 

D Trademarks or ~Patents. ( D the patent ac110n invoives 35 U.S.C:. § 292.): 

DOCKET NO. DATEF[LED U.S. rnSTRlCT COURT 
2:22cv4i4 10/21/2022 Eastern District of Texas 

PLAfNTIFF DEFENDANT 

DALI WIRELESS, INC. T-MOBILE US, INC., et al 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 10,750,382 8/18/2020 Dali Wireless, Inc. 

2 9,197,358 11/24/2015 Dali Wireless, Inc. 

3 11,026,232 6/'1/202·1 Dali Wireless, Inc. 

4 10,334,499 6/25/20'19 Dali Wireless, Inc. 

5 8,682,338 3/25/2014 Dali Wireless, Inc. 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DA TE INCLUDED INCLUDED BY 

n Amendment □ Answer □ Cross Bill □ Other Pleadrng 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n. the above----·entitled case, the following decision has been rendered or judgement issued: 

DECJSIONiJUDGEMENT 

I (llYJ DEPUTY (WRK 

Co1iy 1·----Upon initiatioll of action, mail this copy to Director Copy 3-----lJiion termination of adion, mail this copy to Director 
Copy 2----·IJJJOll filing documellt adding patellt(s), mail this copy to Director Copy 4-----Case file copy 
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AO 120 (Rev. 08/10} 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P,O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETER.MINA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

[n Compliance with 35 1-LS.C. § 290 and/or 15 U.S.C. § l l 16 you are hereby advised that a court action has been 

filed in the U.S District Court Eastern District of Texas on the following 

D Trademarks or ~Patents. ( D the patent ac110n invoives 35 U.S.C:. § 292.): 

DOCKET NO. DATEFlLED U.S. rnSTRlCT COURT 
2:22cv4i4 10/21/2022 Eastern District of Texas 

PLAfNTIFF DEFENDANT 

DALI WIRELESS, INC. T-MOBILE US, INC., et al 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 11,006,343 5/11/2021 Dali Wireless, Inc. 

2 9,820,171 11/14/2017 Dali Wireless, Inc. 

3 

4 

5 

In the above-entitled case, the following patent(s)i trademark(s) have been included: 

DA TE INCLUDED INCLUDED BY 

n Amendment □ Answer □ Cross Bill □ Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMAR..'Z 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n the above----·entitled case, the following decision has been rendered or judgement issued: 

DEClSIONiJUDGEMENT 

I (llYJ DEPUTY (WRK 

Co1iy 1-----Upon initiatioll of action, mail thi§ copy to Director Copy J ...... {Jiion termination of action, mail this copy to Director 
Copy 2----·IJJJOll filing documellt adding patellt(s), mail this copy to Director Copy 4-----Case file copy 



UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. 

16/661,368 

167137 7590 

SHERIDAN ROSS PC 
1560 Broadway 
Suite 1200 
Denver, CO 80202 

ISSUE DATE 

08/18/2020 

07/29/2020 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

10750382 10333-41-CON 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

6065 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Shawn Patrick Stapleton, Burnaby, CANADA; 
DALI WIRELESS, INC., MENLO PARK, CA; 
Seyed Amin Hejazi, Burnaby, CANADA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/661,368 10/23/2019 

167137 7590 07/14/2020 

SHERIDAN ROSS PC 
1560 Broadway 
Suite 1200 
Denver, CO 80202 

FIRST NAMED INVENTOR 

Shawn Patrick Stapleton 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

10333-41-CON 

CONFIRMATION NO. 

6065 

EXAMINER 

SAMS, MATTHEW C 

ART UNIT PAPER NUMBER 

2646 

NOTIFICATION DATE DELIVERY MODE 

07/14/2020 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

jvick@sheridanross.com 

PTOL-90A (Rev. 04/07) 



Response to Rule 312 Communication 

Application No. 

16/661,368 

Examiner 

MATTHEW C SAMS 

Applicant(s) 

Stapleton et al. 

Art Unit AIA (FITF) Status 

2646 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

1. ~The amendment filed on 07 July 2020 under 37 CFR 1.312 has been considered, and has been: 

a) 0 entered. 

b) ~ entered as directed to matters of form not affecting the scope of the invention. 

c) 0 disapproved because the amendment was filed after the payment of the issue fee. 

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) 

and the required fee to withdraw the application from issue. 

d) 0 disapproved. See explanation below. 

e) 0 entered in part. See explanation below. 

Applicant amended the specification to change an application number to a patent number. 

/Matthew C Sams/ 
Primary Examiner, Art Unit 2646 

U.S. Patent and Trademark Office 

PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20200709 



OK TO ENTER: /MS/ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re the Application of: Shawn Patrick Stapleton 

Application No.: 16/661,368 

Filed: October 23, 2019 

Atty. File No.: 10333-41-CON 

~ Group Art Unit: 2646 

~ Examiner: SAMS, MATTHEW C 

~ Confirmation No.: 6065 

) 
) 

For: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

AMENDMENT AFTER ALLOWANCE UNDER 
37 C.F.R. 1.312 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Commissioner: 

Applicants submit this Amendment After Allowance pursuant to 37 C.F.R. 1.312 in 

response to the Notice of Allowance having a mailing date of April 9, 2020. While Applicants 

believe that no fees are due with the filing of this response, the undersigned hereby authorizes 

the charge of any fees deemed necessary to Deposit Account No. 19-1970. 

An amendment may be entered after the mailing of a Notice of Allowance but prior to 

payment of the issue fee upon recommendation of the primary Examiner. Therefore, it is 

respectfully requested that the above-referenced application be amended as follows: 

Amendments to the Specification begin on page 2 of this paper. 

Remarks begin on page 3 of this paper. 

1 Attorney Docket No. 10333-41-CON 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/661,368 10/23/2019 

7590 
SHERIDAN ROSS PC 
1560 Broadway 
Suite 1200 
Denver, CO 80202 

07/10/2020 

FIRST NAMED INVENTOR 

Shawn Patrick Stapleton 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 14S0 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

TTORNEY DOCKET NO. CONFIRMATION NO. 

10333-41-CON 6065 

EXAMINER 

SAMS, MATTHEW C 

ART UNIT PAPER NUMBER 

2646 

NOTIFICATION DA TE DELIVERY MODE 

07/10/2020 ELECTRONIC 

NOTICE OF NON-COMPLIANT INFORMATION DISCLOSURE STATEMENT 

An Information Disclosure Statement (IDS) filed T.06.2020 in the above-identified application fails to 
meet the requirements of 37 CFR 1.97(d) for the reason(s) specified below. Accordingly, the IDS will be 
placed in the file, but the information referred to therein has not been considered. 

The IDS is not compliant with 37 CFR 1.97(d) because: 

'f4 The IDS lacks a statement as specified in 37 CFR 1.97(e). 

0 The IDS lacks the fee set forth in 37 CFR 1.17(p ). 

0 The IDS was filed after the issue fee was paid. Applicant may wish to consider filing a petition to 
withdraw the application from issue under 37 CFR 1.313(c) to have the IDS considered. See 
MPEP 1308. 

A/. r/41,J,Ul,I U,t, 
571-272-4200 or 1-888-78(bJ,i101 
Application Assistance Unit 
Office of Data Management 

FORM PTOM327-B (Rev. 02/08) 
Page 1 of 1 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/661,368 

167137 
SHERIDAN ROSS PC 
1560 Broadway 
Suite 1200 
Denver, CO 80202 

FILING OR 3 71 (C) DATE 

10/23/2019 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Shawn Patrick Stapleton 10333-41-CON 

CONFIRMATION NO. 6065 
POA ACCEPTANCE LETTER 

111111111111111111111111]~!1]!~1!~1!~~ ~UIHI ljl] 11111111111111111111111 

Date Mailed: 07/07/2020 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/02/2020. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/cvorachack/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/661,368 

167137 

FILING or 
37l(c)DATE 

10/23/2019 

SHERIDAN ROSS PC 
1560 Broadway 
Suite 1200 
Denver, CO 80202 

GRPART 

UNIT 

2646 
FIL FEE REC'D 

865 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

10333-41-CON 1 1 
CONFIRMATION NO. 6065 

CORRECTED FILING RECEIPT 

1111111111111111111111 m~mll!~~ IHtl, 111111111111111 IIII IIII 

Date Mailed: 07/07/2020 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Shawn Patrick Stapleton, Burnaby, CANADA; 
Seyed Amin Hejazi, Burnaby, CANADA; 

Applicant( s) 
DALI WIRELESS, INC., MENLO PARK, CA; 

Assignment For Published Patent Application 
DALI WIRELESS, INC., MENLO PARK, CA 

Power of Attorney: The patent practitioners associated with Customer Number 167137 

Domestic Priority data as claimed by applicant 
This application is a CON of 13/950,160 07/24/2013 PAT 10506454 
which claims benefit of 61/678,016 07/31/2012 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

page 1 of 4 



Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 11/07/2019 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/661,368 
Projected Publication Date: Not Applicable 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
Title 

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Preliminary Class 

455 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 

page 2 of 4 



countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 

page 3 of 4 



technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 

page 4 of 4 
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Application Number 16/661,368 

INFORMATION DISCLOSURE Filing Date October 23, 2019 

STATEMENT BY APPLICANT First Named Inventor ~lrnwn Patrick Stapleton 

Sheet 
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Art Unit 2646 

Examiner Name SAMS, MATTHEW C 

1 I of I 5 Attorney Docket Number 10333-41-CON 

U.S. PATENT DOCUMENTS 
Document Number Publication Daie Name of Patentee of Pages, Columns, Lines, 1/Vhere 
Number-kind Code 2 ei,mowni MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant 

Figures Appear 
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~77 1J 7-1/ ::11/4Jft;:71'-ffiT6 = c 7J'c·~~1,,0 
( 0 0 0 9 ] -f-= '(', *¥EBJIO) § B'.Jl±J::.icO)Fc,'jQ,sl ~ M 

iWL, Di ff s er v7°0r-::JJl./~ffil,lf.:: I P,f,,y J, 
'7-.7 t;:J::; I, 1'( i, -~, r- '7-.7 O)Z¥!1J~tc"::t=i"T 6-tt- t: ;z 

71'-:::fli~W~T 6 = t iJ{c·~, :::k:fflffii, ·:1 r- '7-.7 t= ii pf 
J;fiT6=tffi~~6*7r-'7-.7r-=J717.7§ffl.1/A 
T L&tf-f-:h.t;:ffl1, 1 6 ~tl1J$~tl*T 6 ~ c i::;b 6 o 

(0010] 
(llllm~Mi:RT 6t.::/lb0-¥~] *¥EBJI(;:J: 6 i, '1/ r- '7-

.7 r-771 •y.7~tJ:;/.,::Zf-L!i, IP (Intern e 
t P r o t o c o 1 ) J"f.7 •y r-4lfl=-it- c::·;z-¥{JLl;:J;fi 
L -Cf~9cli:~~i_ --Cll!i;mT 6 I Pi, •yr- '7-.7 i::t-3P-C 
r- =; 7 1 ·:1 .7 ~ti ~i'r 5 i, •y J, '7-.7 r- =; 7 1 ·:1 .7 ~m 
> ;z ::;-L c· &:i-> --c, 1Ji1ic r- =; 7 -1 •:1 .7 §ti~ wric-tt- c::· 
;ziitfJL&tf'Wfic I Pi, •yr- '7-.7 O)'-Jtfi, •y r- '7-.7-¥ 
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(0011]*¥E~~J:6$0)*o/r-'7-.7r-571o/ 
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o c o 1 ) i, •1 r- '7- .7 ~ ffl~T 6 r P ,v-;, :Ii" lJ 1/ .7 

l::J:-:,--Cffilit=tim~tl, r P1,7,y r-ll!i;~0£w~:1 
=; ;z-jHtT 6 D i f f s e r v ( d i f f e r e n t i 
a t e d s e r v i c e ) 7°0 r- ::J Jvt=~-::l~ 1'('-Jt­
t:·;z .7 =; 7"..-5Ht~:h.t.:: I P 1 ,7 ·:1 r- 0llii:m ~fi '3 :;t. ·:1 r­
'7-.7 (;:3 ~ ~1t r-3'7 1 '1/ .7~tl~fij i, ·:1 r- '7-.7 l­
=; 7 -1 •y :1 §ti 1/ ;z ::;- 1'. -z-·· Y")-> -r , wric lJ ::.,.-, :11::. ~ llii:m 
~±'l6 r P1,7,y r-~~tlT6-=f:~c, +0~t1c·~m 
~ht::. I Pr,7,y r-0Wftc-tt-t:·;z.73-;z~~T1~bts 
lli5c I P 7 V v ;z&ti'm~ I P 7 V L-- ;zfp(::,flJ 1) l±l 2:.'h 
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-.7 7 VJ,., ;z c t=~-51, ,'"( r- '7 7 1 •;1 .7 ~71'-ffiT 6-¥r9: 
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e d s e r V i Ce) 7°0 t- ::1;1.+:£-5~1-C'-lf- c_7_ 
:7 7 ;z-'5Ht~;f1.t::. I P 1,7 ,y r-0~m~fi-3 i, •y t- 9-
:7 t::i:3 ~ ,"( t- 7 7 1 '1/ :7 ilt(Jl ~tr -3 t::.11)0):J{, "1/ t- 9-:7 
t- 7 7 1 •y :7 lilii'.1Jt:tfit:t• &) -> 'Z , ,rntc 0 ✓ :7 1::. ~ ~* ~ 
n6 I p 1,7 '1/ t- ~lilii'.tij L' ,fO)lilii'.tft•.f'NI±! 2:.>-nt.:. I p 
J\7 '1/ t-0H1Ttc'-!f-1::·:z :7 7 .7.. ~*91@. t mtl:!5c 1 P 7 
f v ;z & UJU::n; I P 7 V v ;z :,'pt:, l!fljl') I±! ~ n 6 ml±! jf;'-lf 
f*o/r-17-:77Vv:zt~:5t'-lff*o/t-7-:77Vv 
;z t t::£"'5\ ,"( t- 7 7 1 '1/ :7 ~71\.~ L, .f-071\.~~ nt.:. 
r- 7 7 1 "1/ :7 ~HITic'-lf-1::·;z :7 7 _7_4Jt&U'HII~c I P :if, '1/ 

r- 7- :7 0'-!f f i- •y t-7- :7 4lt &:: ~ffl:9 6 J: '5 t:: l 'Z ~ \ 

◊o 

( 0 0 1 4) 971',b't;,, :,fs:JEBAO)i, "1/ t- 7-:7 r- 7 7 1 

•:1:71iiii'.fflS..,;z.::;=-1:,.i;±, 11/:7:Jf-•y r--'?11/r-3:t,•y H:: 
ft~~n6 I Pi, •y t- 7-:7 ~=i:3~ ,"(, r- 77 1 •y :71ilii'. 
t:I~'-lf- 1::·;z~f{[&u·'-!f7··:i- •y t- 7-:7 ~urttr:i c: t 
(:: J: -:> l Jvl* 9 0 7-:7 ~**SJ~ -Jt'"( c_-;j'- y' .,i_ ~ ~IJ~ 
l, ::kfflffii,•y t-7-:71ilii'.tft::.i@:Lt.:.lilii'.fflS..,;z..::;=-1,,~m 
f~T 6:: t ~l~wtt L 'Z~•6 o 

(0015)J:~~~~~,is:JB~O)*o/r-7-:7r-3 
7 1 ·Y :7 lilii'.fflS.., ;z T L/i, I Pi, •y t- 9-:7 ~ti\J~9 6 
IP~-:7TS6NE(*o/r-9-:7Iv~1/r-)ffilJ 
1/:7l::J:-:,'"(ffll[l::;J'im2:.>-n '"(}:, ~' Di ff s er V 

(differentiated service)7 
o t- :::1 ,H::£"'5·~ l( :17 ;z1Ht2:.>-nt.:. 1 P 1,7 •y t-0)~ 
m~fi-:,"(~•0 0 

( 0 0 1 6 ) D i f f s e r v 7°0 }- :::1 lt..U I ET F (;: 

J: -> 'Z iilma ~ n "( ~ 1 6 I P 1, 7 •y Hii:.i2s 0Jfrfi!: ~ :7 7 ;z 
71\.~tT b 7°0 t- :::1/vc'S I')' I PA...•y :7··vg0)7 1-Jv V 
O)-$~'-Jf-c;z:73;z..~~9DSCP (Diffse 
rv Code Point) ~~cii-t'6t.:./Jb071-

11,, v t t., 'Zl!f'P'J ':1'i'Z, c:07 1 -,v ri=~9J:i:'.~n6 1 4 
'8;0D SC P1@H:: ltdi'-> 'Z 1,7 •y H1:H::ff:$'c&~N:.z. 
'Z~m-t' 6t~ 1 -31iit-r:ib 6" 
( O O 1 7) t- 7 7 1 •;1 :7:c=.:7$U iJ 1/:7 J:::.~~m~ 

n-6 I p,1,7,y t- ~lilii'.tiL, -:>£ ~,1,7,y r-~"f-\'7°1-
"'l, '-Jf- e·;z :7 7 ;z ~*9 D s c P O)f@..!::: , mtl:!5c I 
P 7 f v ;z&U''.m:n; I P 7 V v _7,_i)•C::,l!flJfJ /±!2:.>-n6ml±! 
~7·· i, •;1 t- 7-:7 7 V v ;z t, '.m:$t'-!f7 .. :i, ·;1 t- 7-:7 
7 V v ;z t &::£-5~ Y'( r- 3 7 1 '1/ :7 ~71\.~ l, F9$~ t 
1J l::ciq'J9 6 t,::./JbO)~@'.t·S 6 o 

(00 18) ~ffi~nt::.r-771 ·;1:7-r·-:7USNMP 
(Simple NetworkManagement 

P r O t O C O 1 ) ~~ ffl ~ 1"Clilii'.tl7 i,-S::-\'A...~m 
~n -Citittt!l!!Jtil1J&~n, t- 7 7 1 •y :7 o)*jjc;. ~m-0 
lilii'.tf • t-v;..,v0ret1i~t::fflPt:,n6◊ lilii'.tf?i,-S::"' 
tU'-!f 7··,t, •;1 t- 9-:7 7 r v Xiil±!l::&,~71' i, ·;1 t- 7 ;z 
:7~AnT6~!1)0)~-f11/:77x-;zim~T6◊ 

( 0 0 1 9 ) C: 0) J: '5 l:: L "(, :,fs:JEBJjt·,± t- 3 7 1 '1/ :7 
lilii'.t:W.0:¥i.i&t L 'Z-tt-1::·;z :7 7 ;z4lf&U''-lf7··,t, •;1 t- 9-
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:74lfl::*tt~fi'7'Z~•60t', :if, "It- 7-:7 J:::.O):£.t!f@* 
fAJ±t·~ffi~n6 l-371 ·Y:7fflw~:£.77° 1J7-S..,5 
1/flfl::~fliT 6ft,b 0 l::, '-Jf7'·i, •;1 r-7-74lf · '-Jf-e· 
;z :7 7 ;z 4lt0 t- 3 7 1 •y :7 c L 'Z *i't'l ~ ttt,::. IDt·;t@,z 6 
C: c iJ,;AJ~ t 71' 0 , t- 3 7 1 ·;1 :7 :c =. :7 $ &::£-~71' _.x :c 
1J .m_ ~ Jmit'J L t,::. rJ , Ei.ffl 7 i, - ~) -y A...O)Jffifg; I~ {& < T 
6 C: t i!"AJ~ t ~ 6 o 

( o o 2 o) £ t::. _ :: J)J:: :ii:: L 'Zf~t:,n-6 *i't'l~nt::. 
t- 3 7 1 •y :7-r'-:7U, l~l::::kmffii, •y t- 7-:7 l::t3~, 
"( r- 7 7 1 ';! 7 'g}!~ 7 :7 OITTl::tr '5 :f::~ii-l::=tr,JJ~fflffl 
-cs0:: t ti§ '3 £ t· l>'d.-~ •◊ 
( 0 0 2 1 ) J: '7 "( ' D i f f s e r V 7°0 t- :::1 Jv ~ m 

l \t::. I P :i- •y r- 7-:7 i::i:3~ •-C, r- 7 7 1 •y ?lilii'.fflO)* 
tt~'-lf- 1::·,:;z•f1L&tF'-Jf7 .. :i, •y t- 7-:7 •f1t'Jvl*T 6 
C: c t·1tww~*i't'J~-l±'Zlilii'.fflT 6 C: c t::J:-> 'Z, i, 'Y t-
7-7 0¥i!h ~ fttr9 6 '-If-1::·;z :5J"':tii T rem L, , iJ•-=>::k 
mm*o/r-9-:7~i~mAJ~c7!'6. 
(0022) 
( JEBA0~»&0ID!!~ J {Al=, is:JEBA0~»&f7U t=-=> l , "( l:RI 

ffij~~!ffi L "(filtBA9 b 0 l;R[ 1 !i:,fs:JEBAO)-~J'jf!i{JIJ(:: J: 6 
:if, ·;1 t- 7-:7 t- 3 7 1 ·;1 :7 'ilii'.fflS.., ;z f L0ti\Jlvt ~~-$"7' 

O•y:71:R[t·S6o l:Rlll::i:3~•-C, NE (,t, . .,,f--7-?I 
I,,;,( 1/ t-) 1 , 2 !i I P :if, •y J, 7-:7 ~ti\J~-t' 6 I P Iv 
- :7 -c S 0 , l) 1/ :7 1 0 0 (:: J: -> "( ffll[ l::tifJC ~ h "( i:3 
0, Diffserv (differentiated 

s e r v i c e ) 7°0 r- :::1 JH::£"'5.V,"( 7 3 _7_7fvt~ 
nt::. I Pl'<7·Y r-J)~m~i'y-y"(l'I~◊ 
( 0 0 2 3 ) D i f f s e r v 7°0 r- ::1 Jv!i I ET F (;: 

J:-> 'Z~lma~n -cv,.6 r P /,7 •y t-€m0JbJ!f~.;; 7 ;z 
71\.ftT 67°0t-:::11vt·ib 0, 1 PA...•;! Yrg07 1-,1/ r 
J)-$~'-Jf-c;z73;z~*TD SCP (Di ff s e 

r V Code Po i n t) ~iciiT ,bt,::.11)0)7 1-

Jv rt L 'Zl!f!J ~ §'Z, ::07 1 -iv H::f~5E~n6 1 4 
'8:0 D S C P {@. l:: l t::. i!,;-> 'Z , 1 , 7 ·:; t- 4ltl:: tl:J'cli'. ~ ~ 
,z 'Z~mT 6t~•-31iitt•ib 6 Q 

(0024) r-771 •y,?t=.:7$ (7°0-7··) 31;±1} 

1/:71 0 OJ::.~~m~n6 I Pl,7,y t-~lilii'.ffll, -:>£ 
!')1,7,y t- ~:3f-'c7°1"'-\' L, '-Jf-e·;z;, 3;:z~~TD S 
C p O){@. t ' mlli5c I p 7 r V ;z&t,1r~:5t I p 7 f V ;z 
iJ,t:,trJrJ 1±1 ~n~mlli5c'-lf7··1, •:1 t-7-:77 r 1-, ;z t, 
'.m:$t'-!f7'':J(, •y l- 7-:7 7 r v .7. t &::£"'5\ ,"( t- 7 7 1 ·;1 

7 ~71\.~ L, F9$> t lJ ( l;Rfjjc;-ltf) (::~ttT 6 t::.«>0 
~@':t'ib6. 
( 0 0 2 5) ~ti~nt::. t- 3 7 1 '1/ :7-r'-:7!i S NM P 
(Simple NetworkManagement 
Proto co 1) ~~ffl\,1"(1iiii'.tl7i--S::-\'4A...~ 

m~n 'Zt:fttH~IMi!,;nf!!~n, l· 7 7 1 '1/ :10*~. ~~ 
o)lilii'.t:Ji • t- v:;.., r0rew~i=m~ 1hn6 0 lilii'.ffl?i,-s:: 
"'4 tU'-!f 7'·,t. ·:; l· 9-:7 7 r v ;z~l±!l::£,~71' i, 'Y t-
7 ;z:7 ~ An-t' 6t::.YW)::r.-f11/:7 7 x-x'Lm{:fr:T 



◊o 

( o o 2 6 J .:. 0) J: :i l:: L -Z , ::zis;~1llli{71Jtti r- "? 7 1 "/ 

? iiitW,O)f}LJJU: L -Z'lf-1::·;;z? "? ::Z4lt&T.F'lt7··;1, "J r- 9 
-?4ltt=*~~fi-:, ""C \ •6 0)-C', rmjj;---lt~:i- ';/ r- 9-? 
_l_O)~tilffi5Kjpj±t·x~2-h6 r-"771 ·;1 ? 1Fi'iffl~~77° 
1)7-S,,3 Y4lf:(;:JEffi!.--t"6{--l.'.;b!)(;:, -Jt7''i,•;1 r-9-? 
4lt·-Jt-~;;zy5;;z41tO)l--"?71o/?cL-Z*~2---ltk 
m-c-:tJli.. 6.:. t iJ{t·~, r- "? 7 1 •;1? t.:=..Y$ 3 (;:&-~ 

~>t0I~ft~Lk0,iiitW.7*-Y~4A....O)afflI 
~·Jll;; < 9 6.:. t i)'>t·~ 6 0 

(0027)£k,..:.O)J:5~Ltffbh6S~2-h~ 
r- "? 7 1 ·;1? 3/-Y tL ft(;:*fflffii, ·;1 r- 7-? &;:;t:3 i,, 1 

t t- ::y 7 1 •;I? iw:f.11!~ 7? □ aJ.J&=fi :i t:J;,ir&=fl3iJJ'd-·fflffl 
"C'&)◊o 

( o o 2 s J rm 2 urm 1 0) t- 5 7 .1 •;1 ? t.::. ;1 $ 3 O):rfiJ 
ret ~jjc:97··0 •;1? rmt·&) 6 o rm 2 t::t3 i,,, t, r- "? 7 1 •;1 

?t.:=..Y$3U1 Y::'.77 x.-::Z$3 1 t, tiill±\$3 2 
t,00fi$33t,~•$34c.>t0$(MIB: 
Management Information Ba 

se) 35c, SNMPI-Yx.Yr-36t~GMret2-

h -ZP6" 
( 0 0 2 9 ) 1 ✓ ;1 7 X. - A{$ 3 1 tJ: ;i, ';/ r' 9-? 1) :_/ 

? 1 0 0 ttfm2':tl, I p;,7,;1 r-0)~~7°':r~~fi 
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G, *~&;::f:'.,~t ~6 DSC P c;izl±\ft; I P 7 F v ;;z t 
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( o o 3 o J f!litlri'¼B 3 3 tl:tiil 1±12-ht..::•ffiffl t ilillfil'II$ 3 4 
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◊o 

( o o 3 7 ) .:. .:. t·, :fm/±1$ 3 2 .r....5~ Gtl6 '" •;1 y·fflffl 
0)!$il:m~rm3(;:jjc;To rm3 (a) ti IP v4 7't'-7·;1 
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t.:eb, S I S Oiffif§~ S I MOJffi{§«fi-:.l-Cv 1 0ilml*""-­

OJTJ~~~~LT, SISOiffif§~SIMOiffi{§« 

1T-:.l T\/ 1 Gliffi!*~;: C -:.l Tm~~7YTT7<E'f'}~;J=R9;so 
(~fR~) ~ 1 6 

-

tl!l~Jll~tl~fflp~gp~IIIJ2 1 6ilit!B 
:t$~~t±El)'.z:f¥~m;mm~'Y1''7-:7•~ 

814 
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(2) JP 2012-124695 A 2012.6.28 

W&OJ7Y'TT~-r-~M~~itl!Jm& ■ t, WROJ7Y'TT~M~~*t. WROJ:B-~ 
&-~~H~~:B-~~ ■ Lt:B-~& ■ OJ7Y'TTt~itl!~& ■ OJ7Y'TT~-r-OJ•M~ 
_r D ~ D .iffi 18 "Z" t;,J tJ ff ;t 0 7 Y T T A ,-f ·;1 'r l,r fim ;t t;: :$t ~ 7 Y T T V A T .b. ~;: :J3 v, T • 

ITT] ~ ~ !ti! fiU & • ti • 

J:D~~.iffifflOJr-574o/7ffiffl~~-90J--574o/7ffiffl~mSt. 
:B-~7Y'TT~G-*OJ7Y'TT*"Z"OJn ■ ~■ 'J-~*~OJfflffl~~-9QT~*~ffl 

ffl~-$t, 
1'rf1 !2 r- 5 7 ,,f 'Y 7 1'i!f ffl ~ • $ & rJ 1'rf1 !c =J--- ~ * Jl., 'lw ffl ~:z • $ -JJ, G OJ 'ti!f ffl r;: ~ -5 ~ , D t ~ I 0 

OJ~*tOJ.iffiffl~m&OJ7Y'TT~fflv•Qffil.iffifflt. Dt~OJ~*tOJ*fflx~~ffl~ 
D t ~ 0 7 Y 'T T ~ ffl v • 0 ffi 2 }ffi ffl t OJ t;fJ D ff ;t '¥1J IE ~ fi -5 t;,J ff '¥1J IE $ t 
~fim;t. 

1'rf1 !2 t;,J ff -'i'IJ IE S ~± • 
• * OJ r- 5 7 ,,f 'Y 7 ii -JJ"' r e-b IE e-h G tL k. ffi I lffl {i .l~ _r 'T! ;t:: t; • W -& Ii: ti . ffi 2 jffi {§ ~ fi :, 

c:ttL. 
•*0r-57,,fo/7S~ffiIMM~J:OJW-&~~. 
•*~ffi10.iffifflOJaffi$T~D.H~. ~~OJYY'TTOJffih-&b~~~Q,iffiffl•JJf. 

x ti A lv - 7 'Y r- i} -r e-b IE e-h G ti tc. ffi 2 M {f .l~ J: 'T! ~ 0 W -& • ffi 1 OJ .iffi ffl ~ iriri ffl 9 0 t t,, 

-j ffi 1 -'Jolj IE ~ fi t,, • 20 

=*~ffil0.iffifflOJMffl$T~DH~m~OJ7Y'TTOJfflh-&b~~~Qjffiffl.ax~ 
A Jv - 7' ,y r- tJ"' r J/J IE JiJ G ti t.::. ffi 2 Ii.I M .l~ J: 'T! ;t:: v • W -& • x ti . ~ * -/J~ ffi 1 OJ .iffi {B OJ iB ffl 
$"Z"/J:v•t,jjj--§-, 
(i)WROJ7YTT~fflh-&b~~--&~.iffiffi~~X~A~-7'o/r-~. re-b1Ee-b6n 

~ffi3MM~J:T~h~ffil.iffiffl~BfflL. ffi3~ffi~J:T/J:~h~ffi2.iffiffl~iririfflgQ 
t v • -5 ffi 2 frJ IE ~ fi -5 , x ti • 
( i i ) ~ • * iJ~ .frJ ffl l, t v • 0 7 Y T T ~ frJ ffl L t t, • 0 ® OJ • * OJ ~jfil * ft 7J~ • ffi 4 ~ fri ~ 

J:"Z"~tl~ffiI.iffiffl~afflL. ffi4MM~J:'T!/J:~h~ffi2.iffiffl~iBffl9QC:v•-3ffi3~ 
IE~fi -5 
ct~~~t9Q:$f~7Y'TTVAT.b.o 

(ffi.>JU}{2] 

ffi :j( lJt 1 tc::. g2 ii!i; OJ :B- ft 7 YT T VAT b lC::. :f5 v• T. 

llrfJ !2 ffi 2 .f.rJ IE tc :to v • t , 
:B-ft7YTT1/A.TbOJ37Y'TTt.*OJOOOJ'r~*~••ccsr) ~G. 37Y 

'TTuJ=f- ~ i',fv'?ff:it~~IH L. 
~ l:fi L t.::. 'r ~ * Ji.,, 15- ii le ~ ---5 v • t • 3 7 Y T T OJ J! J6 h .iffi ffi ~ JJf. x ti A JI., - 7' •y r- ~ tl 

IE t..,. 

1E: 7 Y 'T T ;;r :it ~ t L t • J! J6 h .iffi ffi ~ JJf. x ti 7, Jl., - 7' "J 1-- OJ ~ t,' 7 Y T T )ffi ~L lJ ;:z. r-

30 

7 ,y 7' L. 40 

,=tuJIJ 7- r-J:ftrNt.§ (Nti. 1 .l~J:OJ~R) OJTY'TT~fflhi'rb~t.::.±J'J}-ft. Ji:iZ:,hJffi 
&~ax~A~-7'o/r-~. l'rf1~ffi3~M~J:T~0W-&~ffiI.iffiffl~iririfflL, M~ffi3 
Iii fj .l~ J: t: 7J: v• T ~ Q .t,jjj -& ~i ffi 2 iffi ffi ~ ~ ffl 9 Q 

ct~~~~90:$f~7Y'TTVAT.b.o 

(lji1f:j(~ 3] 

ffi :j( lJt 2 tc a2 ilt (J) ·53' ~ 7 Y T T V A T b. K :to v--. t , 
N~, ~e-h~e-hGhk~IE-,X~ • .iffiffi~-x~;:z.~-~o/t-~m~~-UJ:OJ7Y 

'TT&'T:~QcC~~fflc90:$f~7Y'TTVA'r.b.o 
50 
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(ffi>l<:i:&4] 

~ >J< J& 1 J'J _¥ 3 (JJ v.., i" :h 7J' tc ~2 ti (JJ 5t ~ 7 Y .::;- -J- 1/ 7.. .::;- L. tc :ta lt, -c , 
AA~ffi2~'.iE~~9M~-*~ffil.iffiffi~Bffl90~L~Wft~. ffi2.iffiffi~BfflL-C 

1.,, 0 flt! (JJ iiM\ * tf• JilJ (JJ 7 Y .::;- -J- 1,£- ~ tR 9 0 -JJ, ~ -5 iJ' ~ ~ G tc ~1 WT L -C m ;oo iJ: 7 Y r --J- ~ ~ tf 
~9C~~~W~9o5t~7Yr-J-1/7..Tbo 

(ffi>l<~ 5] 
ill ;:J< J& 1 J'J _¥ 4 (JJ L-, <f :h iJ, ~L ~2 lJ¼ (JJ 5t ~ 7 Y r -J- 1/ 7.. T L. ~L :to lt, -C , 

M~ffi2~'.iE~~9M2•*~ffiI.iffiffi~Bffl90~Lkeft~. 
ffi 1 .iffi ft ~ T o llffil * iJ" '.flj ffl T o 7 Y T --J- ~L ffi fJ'> J -C lt • 0 ffi 2 .iffi ffi ~ fi '? -C t, • 0 {ill (JJ Wil * IO 

~ilHR L. 
M!2{fl!(JJ!i/Af*~,g.7y7--j-fm(JJC IN R (Carr er Interference 
Nose Ratio)xaSNR(Signal Nose Rat o)~ffl1J 

'.iE L. 
~CINRxaSNR~ ■ ffiU~~~~mL. 

&CINRx~SNR~ ■ ffiULL"~:h~. m~(JJ7YT-J-~-E~fflL. -~. 
~ C I N R x Ca:: S N R iJ~ ■ fit .LY.. ~ 1:' iJ: it :h ,1 , ffi 2 .iffi m ~ L -C lt, 0 ·ft!! (JJ ftffi! * f;: ~ -:> -C C 

I N R x ti S N R iJ~ ~ <t Et v, x ~j: m J-E {it ~ 9 Et v, 7 Y T -J- ~ ~ ill tR 9 0 

c~J,£-~W~9o5t~7Y-r-J-1/7..Tbo 

(~>l<:i:&6] 

ffi >J< J& 1 l1J _¥ 5 co it' i" :h tJ, ~;: a2 iix co B ~ 7 Y T -J- 1/ 7.. T b ~;: :to v • -C , 
AA !2 ¥ ti!! Jm & liUi , 
7Yf--J-tJJUffl07Y~Y7..{§~~37Yr-J-~G*mL. 
:lr 7 Y r -J- iJ" llffil * iJ' G ~ ffi L tc C S I x ti S N R ic ¥ -5 l' -C , 3 7 Y r 1- CO .iffi f~'n~ st x 

tt 7.. 1v - 7' ,y i-- ~ ITT ~ T 0 
c~J,£-~~~To5:t~7YT--J-1/7..Tbo 

(ti'f>J<:i:&7] 

ffi * lJ{ 1 J'J _¥ 5 C0 \t' '9 :rt f)'• ~;:_ 82 ti C0 )t ~ 7 ✓ 7 T 1/ A 7 L. ~;:_ :ti3 \,,' L , 

AA ~2 ¥fill.nu & ii': ti , 
:lt7Yr--J-~-*~G~fflL~~~ ✓ ~~Y~ffl~x~flt!(JJ~00m~~G+~*~*JE 

mm~fi-jC~T+~*~ffiffl(CSI)x~SNR~*lh. 
>l< ls/:) tc C S I x ti S N R ~;: ¥ -=5 v • -C , 3 7 Y -r -J- CO .iffi {§ ~ st x tt 7.. Jl,, - 7 •y l-- ~ ITT • 9 

G 
c~~~W~905t~7YT-J-1/7..Tbo 

(~*IJ'i8] 

ffi ;:J< ~ l l1J _¥ 7 CO v' i" tt 7J' tc a2 il!X CO 5t ft 7 Y r -J- 1/ A r L. ~;: :to t;' -C , 
AA ~2 ffi 1 .iffi ft ta:: • M I M O ( M u 1 t i p I e I n p u t M u 1 

t put) l:'d59. 
AA ~2 ffi 2 .iffi ft ta:: • S I S O ( S g I e I n p u t S i n g I e 

.iffi{tbL<M:SIMO (Single Input Multiple 

(ffi*:i:&9] 

t i p e O u 

Output) 

Output) 

•• 07Yr1-~-l--~ffi~¥t&Jm&a~ • •• JJ7YTT~ffi~•*~- ·•JJBE 
&~~~fm~~:B-ftE.L-C5:tE&EJJ7YT--J-~-tf!!Jm&EJJ7Yf---J-~-l--JJ•M~ 

20 

30 

40 

L IJ r 9 .iffi {§ l:' t;rJ I? U ~ o 7 Y T -J- 7.. ,,f '1/ "1- ~ fJm ~ tc 5t Wx. 7 Y T -J- 1/ 7.. T b. ~;: :t5 U· G AA le 50 
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£tt!!im~!li"E ®-::, T • 
J:::DTDDfflOJr-57~o/7ffiffl~~-T0r57~o/7ffiffl~fi$t. 
~ft7Yf-T~G-*OJ7YrT*"EOJ• ■ ~-~~*~OJffifflt.r~fi90~~*~ffi 

-~•fffst. 
ITTJ~r-574Y7ffiffi~-$&6ITTJE~~*~ffiffl~--~GOJffiffi~£~~. Ot~ 

0) • * t OJ D m tc • ft OJ 7 Y 5- T ~ ffl t,, 0 ffi 1 JHi g t , U- t ~ OJ ftlM * t 0) * m x tt ~ m tc 
u- t ~ OJ 7 Y 5- T ~ ffl v • Q ffi 2 JHi 18 t OJ tJJ IJ M .::z -'f!J IE J,r fi -5 tJJ M -'f:IJ IE $ t 
J,r fim ;z • 

00 !2 tJJ ~ frJ IE $ ,i • • * OJ J--- 5 7 4 'Y 7 it 7J~ -r 60 IE 60 G n t:: ffi 1 Iii {mi f,( J::: "E ~ t, W ft ~= ti , ffi 2 JHi 1§ t.i:: fi -5 IO 

cttc. 
•*OJr-574Y7it~ffillilM~J:::OJWft~~. 
•*~ffiIOJDfflOJ~fflq:r"EJSIJ.H~. m~OJ7Yf-70)ffl~ftb~~~0Dffl~N 

x kt 7- Jv - 7 'Y r n' -r 60 IE 60 G n tc ffi 2 Iii fill 1.,1. _t "E JS 0 W ft • ffi 1 0) JHi ffl ~ iM ffl 9 0 t t, 

-5 ffi 1 -'¥11 IE t.r fi v' • 
**~ffiIOJDfflOJ~fflq:r"EJSIJH~m~OJ7Yf-TOJffl~ftb~~~G-t§~ax:~ 

;z, ,1.,,- -f ,y 1-- n' -=v 60 IE 60 G n t.:: m 2 Iii M 1x _t -c:s ~ tt• w ft. 3Ui. • :?!UJ' a 1 OJ a f§ OJ~ m 
q:r -c tJ: i, ' W iL 
(i) mn07Yf-Tt.i::ffl~ftb~t.::Wft~Dffl~~X~A~-7o/f'~. T~IE~Gti 

tc a 3 Iii fill .LY- --1::: c' JS tt ia:· a 1 :iffi {§ :a- a m L • a 3 Iii fill LY- _t T! tJ: i::1- n tt :m 2 iffi m t.r iM m 9 0 20 

t t, • '? ffi 2 -'FrJ IE t.i:: fi '? • x ii , 
( i i ) ~.*ff ;frJ ffl l, T v' Q 7 Y 5- T 7-r ;flj .J:¥1 L Z 1,, 0 fttl OJ tllrn * 0) ~ml* ft i}, ffi 4 Iii {ii ,LJ_ 

J::: T! ~ tt ~ ffi ID F§ J,r ~ ffl L, ffi4lilM~J:::-c:stJ:~n~m2araJ,raffl90tv'?ffi3~ 
IE J,r fi -5 
c. t ~~~ t T 0 ~tf:!!.!m~ftL 

(ill * Jj[ t o ] 
.ftOJ7Yf--:r~-J---J,rffl~~tf:!!~~-t • • ftOJ7Yf-TJ,rffl~tllrn*t. •ROJft~ 
H-~~U~~~M~ ■ CZ~~~-OJ7Y5--:rt~tt!!~H ■ OJ7Y5--:r~-J---OJME:t.r 
_t IJ T IJ D IB "E tJJ fJ ~ ;z .'.Q 7 Y 5- T 7- .-{ ,y ~ ~ fim ;z t.:: ft ft 7 Y 5- T V 7, 5- L.. f;: .t5 H 0 7 Y 30 

5- T JiHR ffil J ~ n t* ? JS -:.i Z • 
ITT1 ~2 £ ti:!! ~ ~ ■ ti . 

J:::DTD:iffifflOJr-574o/7fflffl~~-90J---574o/7fflffl~m$t. 
ftftTYf-T~G-*OJTYf-T*T!OJ• ■ ~-~~*~OJffiffl~~-90~~*~ffl 

ffl~•fffst. 
ITTIEr57~y.l_;lffiffl~-$&6ITTJE~~*~--~-ffl~GOJffiffl~a~~- Ot~ 

0) Y/m * t OJ :iffi 18 tc. :m ft OJ 7 Y 5- T :a- ffl t' 0 ffi 1 5ffi 1B t , 0 t ~ OJ tllrn * t OJ * ffl x Ii ~ ffl tc. 
U- t ~ OJ 7 Y 5- T ~ ffl t, • .'.Q ffi 2 Jffl ffl t OJ tJ] IJ ff x -'f!J JJ='. ~ fi -5 tJJ ff -'f:rJ JJ='. $ t 

l'[fj ~2 t:J} ~ flJ JJ='. $ ti , 40 

Y/m * OJ r- 5 7 4 ,y 7 ii iJ'', -'v 60 IE 60 G ;fl. t: ffl I Iii ff l..:Z _t T! tJ: t,, ±JJ½ ·S- ic t± , ffl 2 Jffi fB t.i:: fi '5 
c.tt.L. 

•*OJr-574o/7S~ffiI~M~J:::~Wft~~. 
•*~ffil~DfflOJ.fflq:r?JSIJ, H~. m~OJ7Y5--:rOJffl~ftb~~~~Dffl-~ 

x ti 7- Jv - 7 'Y J--- jf, -'v 60 JJ='. 60 G .tt t.:: ffi 2 Iii fii ,L)t _t T! JS 0 W i'i- • ffi 1 OJ iffl {§ t.i:: ~ ffl 9 0 t v, 
-5 ffi 1 -'¥11 IE~ fi v' • 

•*~-l~DIB~Bffl$T!JSIJH~m~~7Yf-TOJffl~ftb~~~~iffiffl~Nx~ 
7- }v - 7' 'Y J--- n' -r 60 JJ='. 60 G tt t.:: ffi 2 Iii fill .L.:Z J: T! tJ: v, ~ ft , x t;l:: , Yiffi * ii' ffi 1 OJ D {§ OJ mi ffl 
q:r "E 1-J: t, ' ±JJ½ iL 

( i ) ii ft OJ 7 Y 5- T ~ *.El J}- ft b ~ t~ W i';- {i:. Jffl 1§ ~ ~ x ti A Jv - 7 o/ r ii~ • -r ~ JJ='. 60 G n 50 
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kffi3 ■ -~LT~n~ffilD@~•mL, ffi3 ■ -~~TJJ:~.n~ffi2D@~-ffl9Q 
c: l. • '? ffi 2 -'FU JE ~ fi '? , X tt , 
( i i ) ~ -ftNi! * t/i frJ ffl L --C v' 0 7 Y T T ~ flj .J:¥1 L --C tc' 0 {t!l (J) !!lr1l * (J) ~IM * ~ fJ~ , ffi 4 ■ {m ~ 

~T~h~ffiID@~-fflL, ffi4 ■ ti~~TJJ:~h~ffi2D@~-ffi"9GC:v•-5ffi3~ 

JE~fi -5 
c.c~~ ■ c"90TY-r-r•m~ ■ H~o 
(~a,ij(J)lWMflJJ:~a;n 
(&ffi5t!f] 
(0001] 

;$: ~ tl)j tt , 5:t ft 7 Y r T V 7- r b. , IHI!! rnHit ■ , 7 Y r T • tR ffilj ■ 15 ~ r.::: ~ IJ , ff i.::: , 10 
D A S ( 5t ft 7 YT TV 7- Tb.) 7- ..-( 'Y '1- ~ ffl v' tc M I M O 1P1 &t (J) 5t ft 7 YT T:,, 7- TL 
,¥mH~ ■-- TY-r-r•tRm ■ 15~~M9Go 
(ff~tzffi] 
(0002] 

m tBl iJ" fs:I ~ tc <: v' it !fo/J IAJ $ (J) ~ *i ~ m ~ J:: <: 9 0 tc lit> ~.::: , 7 Y T T ~ ~ fo/1 !Al $ ~.::: ½' ft lfcl, 

■ "9G½'ft7YrTV7-rb.(DAS: Distributed Antenna S 

y s t e m ) il• W G n --r v • 0 " vi: * (J) ½' ft 7 Y r T V 7- T b. T ta: , :¥ ±t!l Jm ~ ■ '/J• G ~ f!ll. Im 
fib 7 - 7' Jv ~ 5 I ~ :t b L --r , f5t ~ L tc -'T - :I Jv (J) ll!3 !!El ~.::: ffl 71R ~ $; M 9 0 15 ~ h1 ffi G .f1. --r t,, 

00 :tk,¥mH&■ ~AilitJ907-ra3/e*@~~½'~Mft"90& ■ ~ftL--rm&(J) 
7 y T T tc Im ll[lb -'T - 7' Jv T ½' lfcl, 9 Q 15 l~ ff,, ffi G n L l..c' 0 0 Vt * (J) 5-J W1: 7 y T T 1/ A T b. ~;::: 20 

:fa l. • --r ti , ¥ m H & ■ (J) A W tJ {§ ~ ~ ti ~ OJ 7 Y r 1- ~L ½' !'§a L --C tc, 0 tc lJb , 9 "" --C (J) 7 Y 
T T iJ, G [Pl C 18 ~ iJ~ A ili tJ ~ n --C l... • 0 o :i5: 1=f=: , L T E ( L o n g T e r m E v o I u 
tion)-\bWiMAX(Worldwide Interoperability f 

o r M i c r o w a v e A c c e s s ) c: tc • -::, tc t'ii:r Jfil ~ IJil im {§ ,{ Y 7 7 fJt ~ -Om ~ .f1. J;: 

'? C: L L V' Q O C. .n G (J) iffi f§ J'j A T ti ' ml iBl ~ flj m ~ ¥ [PJ L (J) m ./2 i), G ' ti ~ 7 y T T i), 

G-r-:$t~jiHtLzm~TY-r-rT~ffi"90M I MO (Mu 1 tip 1 e Input 
M u l t i p 1 e O u t p u t ) tz ffi fJ\ fif ffl ~ .f1. --C t, • 0 o C. (J) M I M O tz ffi T ti , m'. tt 
(J)TY-rT~GftJJ:0{§~~*~{§9.:t,C.c~~-cJJ:0~lJb. ½'ftTY-r:rV7-rL~ 
:fa l.,' L ~ m ~ (J) 7 y T 7 fJ· G w JJ: Q {§ ~ ~ * ~ m 9 0 C. C: fJ'. * lJb G .f1. L I, ... Q 0 

(0003] 

MIMOt!iffi~5:tft7Yr-rV7-rL~affl9G~ft(J)ff.tzffic:L--C, ~H2010 

- 0 6 8 4 9 6 ( ff !¥ :Z ~ 1 ) iJ~ d[) 0 o c. (J) 3t ~ ~,: ~.i , 1 !tll\l * (J) m fJ i.llU IE $ f/• , ½' 1& 7 Y 

r -r V 7- r b. (J) :S. 7 Y r T iJ' G * {§ ~ n --C v, 0 1 ~ ,{ a '1/ l- ffl ~ (J) ~ ffl ■ ti ~ ~ WI f/,a U{IJ IE 9 
0 0 ltfffi * t.i ' §1: 1§ m tJ j/• 5j V' ffl JE Jj @I (J) 7 y T T ~ D 1§ 7 y T T f~ rm C: L L ~ tR L :rm ffl 7 
Yr-rfttm&a~n~tt~"90~ffl ■ tJ~M ■ ~~~~-~Dffi"900 •*~T~*~m 
JE$~, M■ :¥MH&fi~G, Di§m~TY-r-rt~.n~M4~.tl..07Yr1-..-(Y-rY7 
7-Mfflt~~@LT, Bfflm~~TY-r-r~ML--CT~*~fflE~fi~o MIMOBffl~ 
fi'5klJb~~~MH& ■ (J)*fflffl~~ML--Cffl-~fi~7'V::J--r~Y3/~l-V77-~~ 

JE "9 0 ~ D f/i ~ 0 iJ~ , ltfffi * (J) '1- ~ * Jv tt IE ic ~ ":5 1, • --C D ffl m i'i~ iJ; 7 Y r :r ~L M <t 0 -:1 1) ::1 

30 

- T ~ Y !f ~ I-- rJ '1/ 7 7- ,-{ Y -r '1/ 7 7- ( P M I ) ~ 31< lit> , 7 Y T T ,{ Y "'r' ,y 7 7- •t& ¥1-I ~ .ff 40 

~zM■ :¥~~~~~DfflLTDW"90Ct~J::-::,T, -r-:$tBffl~Wfi<t07YrT• 
(J)filffl~~-- ■ :hlt$~~~E900 J 
(0004] 

* t:.: , ~ Im 2 0 0 7 - 5 3 7 6 8 -1% ~ ffl ( ff ~ 3t ~ 2 ) ti'- ~ 0 o C (J) 3t ffix f,: t.i , 1 ~ t'R 
7 7 -e 7- :r. .::. '1/ I-- tJ, G (J) L l'.J 1w ffl ~ tt JE "9 0 c c: tz: J: l:J , cg. ~ ■ 7 7 -I! 7- :r. .::. 'Y 1-- c: ~ :r. 
--tfM(J)ffi ■ --~~fflL.ffi ■ •a~~ffl900 ffi ■ ~&ttJEH~. :g.m ■ ~a&aM 
■ 7 7 ~ 7- :r. .::. 'Y l- (J) ~ ~ ~ ;tt JiG {-1" ~t T ~2. ·~ 9 0 o 1) 1/ - 7- WIJ § H !.i , lru !2 ii2. ffi ~ tl tc. ffi 
■ • :E! & 'Cf ~ ■ 7 7 -e 7- :r. .::. 'Y l- (J) ffic ~ r.::: ¥ ":5 v, --C • ~ ..:r. - -if' jf• fif ffl "9 0 ~ ■ 7 7 -I! 7- :r. 
.::.o/J-~~OrJ1/-7-~§ffiffl~~ffl900 *fflm~n~. OO~V1/-7-~~-ffl~:¥0 
v, --r , ~ :r. - -tf y' - :$t tc :rt L --r • M JiG 9 0 ~ {§ ffl -1% m f_ffl ~ fi t;, , ~ :r. - -tf fJ~ W ffl 9 0 ~ ■ 50 
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r 7 t ;._ :i -=- '1/ r 0) ~ mH, r 7 t ;._ :i -=- '1/ r tz: Jt 9 0 « - ;._ , , ::,,, r {l3 ~ ;._ r 1J - L f2 ~ nx 
g 0 o fflU\JR 7 7 t 7- :i.::. '1/ r iHR g§ ~i, JVJ g2 1J './ - 7- WIJ ~ •fi!:f ffl iz:. ~ -5 It• -C, r:p * 911 f!I! :i.::. 

Yr~••~n~g«tO)M■ r?t.7-:i-=-o/r~G ... JtZ90M ■ 7?~7-:i.-=-o/rf2 

nHR L -C ... AA 132 .i! 18 911 lm g§ ~z: J:: 9 9111-i ~ rt t.= ~ « - 7- 1, Y F 1§ ~ 7- r 1J - b. « .i.! {l3 9 0 o 
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(57) Abstract: A method for inter-cell interference coordination (ICIC) in a 
relay-assisted network is provided in the present invention, and in the relay­
assisted network, user equipments (UE) are divided into macro UEs which 
are directly serviced by base stations, and relay UEs which are indirectly 
serviced by the base stations through relay nodes. The method includes the 
following steps: calculating the mean percentage of relay UEs, wherein the 
mean percentage of relay UEs is the mean percentage of the number of re­
lay UEs serviced by a single relay node in the cell to the total number of 
UEs; according to the calculated mean percentage of relay UEs, detem1in­
ing the system bandwidth to be distributed to the relay nodes, and distribut­
ing the rest system bandwidth to the base station; and determining the fur­
ther scheduling of the relay nodes and base station to the distributed system 
bandwidth based on the scheduling algorithm. An equipment for inter-cell 
interterence coordination ICIC in the relay-assisted network is also provid­
ed in the present invention. 
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fg: El:Ji=p ~! iJ ,B fi3J ~ EB ~ii:i!i Jl~ * B<J i:p ~! UE, Pfi:1£ nitd~lAt ~ r it.: it ff f :l$J i:p ~! UE 

~.~i:pm:1£f:1$J*~uE~~~1Ri:ps{J•--i'lfl~11~m•*s{J*~UE~§~m~ 
15 UE ~ § a{] f :1$) s ?t !::~ ; ;j;js! ffl mi-tff a{] f :1$) i:p ~! UE !::~ , lim JE ~ 5t We\~ 9:1 ~* 11 }2- B<J * gJc 

*~·*~~~w*gJE*~*re~~M: ~.&~r~&-$*~JEl=f~112~~M~ 
r Jifi?t@GW*gjf*~ s{Jnl:-ztiJWJ& o 

tt~~. mJ£W&ff$~~-r-i"t'M~~~~~-ITT*~~~0fW&ff$o 
~i:p,?tre~*~11~s{J*gJE*~~Jtre~~MOO*m*~¾ffiliIT~s{Jo 

20 ~l=f~JE*-zl5:W~oozt•~m:~T--*~~~0fW~•$*~•tt~i:p 
~ 11,B B<.J ffi-ifii] ~ t'{EJI!Ij , ~JJijfj JE ~~ ?Jr 7t re w * m * ~ ;it1-zl5:jl· Mc\~ i:p ~I! UE B<Ji)WJ & tt 
~~o~tlr~~~---~~~0f~&-$, 

~'1:l, t *~S,J-1'8]~5[, RJ:;st (t) *~i:p~! UE m B<.J~S,fi:iJs[:f-f~ffiJfil$, R;~er(t) *~1ft 
25 xt;lt-s~·fi3],mftr 00 lfl~ UE m B<J1~~1Jit~f:l::gJ.J~*~$, ~,& Rb:ffer(t) *~*~! UE m 

8\J ;ltJt~ fjt i't' Jfil $ 0 

30 

~9:l~JE:itl:-ztW~wzt•~~ffi:~rffi=~~~M0f~Nff$*~-tt~ 
~ tt~ a<J ffi = w & m m,J , ~ :rifH '.iE ~i m * re w * gJc * ~nl:-zv *re~* uE to i:p tl!@J ti ti 
~OOWNtt*~om~r~~~-=~ffl~M0fWN.$, 

M (t) _ { Rf:ist (t) Rf,;P (t)} 
e - arg max , 1 , 

n,l01 RZver(t) Rcf;er(t) 

2 
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~i:p, t *7J°'a-1faJ~5[, R;:,st(t)*~* UE n 1¥J~a-1AJ3tM=~:im:isf¥, R;ver(t) *~#xt 
~-atfsJ';it:fi• !¥]_:ti DE n !¥J1~~~~f~~i:%-J!$, R~;;er(t) *~i:ptf UE m Ji)Tx,J-@13{] 

@~••J¥J5f~••· ~&~w*~~~T4i~•~-~~~~J¥Ja~~@~•• 
3!$ 

5 ~7J~kE'E!m, ;J{U~~fira{] UE ;k:Jfk)J~;f-lJik.:%-:fiffi.itfs,\~L ~k UE ¾i:pgf UE 

~-*~~1¥J~-7Jffi, ~~T-~lfl--M~•i:p*fi~goo~~~~~~ 
fJ<J i& ¼ ' f:E m:r£ i:p ~ ~m M ~~!fl ' ffl p i&t ¼ UE ~:!GU ,t ~ EB ~fli5 ]a~ )3~ :%-1¥] * UE 5flJ 
~EB!fl~~~OO~EB£Mm~J¥J4i•UE, m~-J&t4~m= *••w, fflr*fff~ 

1 0 lfl. UE bl: , ;:lt i:p ?,fr;i£ f i)J i:p ~ UE bl:~ /J, g i:p 13{] ~-t- i:p gf ~,~Mr,§~* Er~ lfl Jr! UE ~ 

§ d::imff UE ~§B{]Sf±)JN%bl::; ?twa•1c, fflr:r~fflmit#s<Jf~i:pgj'! UE H~. lii 

k~?twa~i:p~~~l¥J*~*~· *~~~1¥J*~*~*re~~M; ~&~~~~. 
fflr~rW~ff~*~klfl~~~ffi£M~rm?trel¥J*~w~l¥J*-~~~o 

~~~. m:i£W~#~¾*•r•~-~~~~~-1¥J*~~~05fW~-~o 
15 ~i:p, ?ttfil~~-~~1¥J*~w-ffi?tre~£Ml¥J*~w-¾ffi~~~l¥Jo 

m:r£w~•w'E!ffi=ffi-~~•1c.mr~Tffi-*~~m0Sfw~•~**• 
tt xt ~ gi ~ ,¢.i. s{] ffi-iJWJ ~ mmlJ , ~ 11i k ~~ m?t i'ia s{] * tJE w ~ *-~ 73'-rfrl~ i:p ~* uE s{] 
W~~~~onM~~~~--*~~m05f~~-~. 

20 ;lcti:p' t *~MfEJ%:5l, Ri~S{(t) *~4iti UE m s{J~ff1AJ3tM=~ffl:im.$, R;:,er(t)*7I-TT 

x-t*-atfaJ1ttii:• B<Jlflti UE m s<Jt~~~~f~}j~*~.$, ~lk Rf::41e,.(t)*7I-lflti UE m 

st, ;i'l:Jl~ ~ #:i2!$ o 

m~w~•1c:i2E~ffi=ffi=w~•~.fflr£rffi=*B~~0fw~•~** 
• tt xt ~ }I~ J¥J ffi = iJWJ JlJ1tJJ11J , ~ lii k ~:ft m % Mc 1¥J * ~ * • *-zv * wa ~ * uE *n ~ ~* 

25 @fi--1¥J~~tt~~o~M~~~~ffi=*B~~0~~~-~. 
M (t) _ { Rf~st (t) Rf/~p (t) } 

e - arg max , 
1 

, 
n,lm R;ver(t) RrJ~er(t) 

)l;i:p, t *~s-tfaJ~5[, R;:,Sl(t) */J>* UE n 1¥J~a-1AJ3tM=~ffl:UK$, R;ver(t) *7J><ttM 
~-atfaJ1ftii• StJ;)g UE n 1¥J1~~~~f:1$j_ijj¾9}~$, R~;er(t) *7I-!flff UE m Mfxt@a<J 
@~-~~Sf:!$J~$, ~&~m*~~~T*~•~-~~~~1¥Ja*m@~•~ 

30 J2!$o 
~ i& ¼ kE 'E! m, lim k~ir , ffl r :rl ffl §fir${_] UE :k !fk 7J ~;fl]~* ii: ffJ. ~ 1~ ,\~L :PIH 

3 
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5E UE ¾4'm UE ili¾* UEo 

2Js: Lt~ tt X'J 4' m tm WJ • ~ ~ ~ i:p l¥J LTE r trt:l!~1-½ !itu, t£ 1±1 T -lip ;fU ffl if§ m Btl m 
5j~ PFS •ttB<JfJr1¥J~r FFR BtJ ICIC 1J~o 1:E~ FFR 1l~ i:p, ~~~-1" *MtwJi/l:?t:1/;J 

M-1' I£jttf~1J'-, -1' fflr EB eNB 1[~JJ~~Bt1* UE, ~--1' ffl-=f EB /J\l2S::iiz~ RN J11i~ 

5 l¥J i:p fr! UE O ffl T i:p m UE a<J ~ ~]faJ ~ EB )3/f fl RN ~ffl ' ~ :1/;J RN ~ff ff ~l l¥J 1-½!itu J:}J $ ; 

~1!;1.:l:-tf!, ffl T * UE l¥J ~ rJJfli?. i:iJ ~ EB J3/r ii eNB ~ ffl , IE) :1/g ~ .t1:h ~ iii ¾ffl r /j\ 1K i:p 1t, 
UE Btlo ~tllHfttV1J'-::J=t~~~tE eNB ~B"J:£:b$1~ffiUJ:}Jfj~, ffif¾~l=1it.W:§~:!:JlBtlo jm_t:J: 

tLHI a 1W l¥J UE ~ Jf~ ;,j;ll ~ ~· :fh ~ 1iftJ )E r:p fllt UE B<J !1& § ' m rm itlU~ m it~ s<J f :ht) r:p ~ 

UE H~ :tiftl IE i:p m UE ~ ¥1! atJ :!i, ~ :it11r * •~ ifia ~ 0 Jqj a,t' :1/g T ~ :ft;fU ffl * FFR ;j;;J~' 

10 •1±1T1:1:~~~*~m~4'~~4'm•~-~~BtJm~~~s. ~-~-#~•~m 
1¥J±tJ•1J~o*1t~i:iJ~--~~~-~Ti:p~~~BtJ--*~f8*gJctt~o 

~too-m~ 
M½mOO,*tt~1¥J~~ffi~~11m,~fil®~~$M~r~r*tt~1¥J$~~ 

15 ti:~ JJfil f§tl l¥J i-¥-!BHI ~ i:p ~ t~ 3l!im rn-~ , ~ 4' : 
00 I ~ 1±1 T t!R ffl * 1t ~~-'ti~ JJfil f§tl l¥J A~ BtJ FFR ifci iI : 

002~1±1T*ffl*Lt~~-tt~:Mff~1¥Ji:pm~WJ~!fwi~:mOO; 
003~1±1T*ffl*tt~~•tt~:Mff~1¥J~iKoo~m~~~41¥J~~moo; 
004~1±1T*ffl*tt~~-tt~JJfil~l¥J~!KOO~m~~1J~l¥J~~OO: 

2 O 00 s ~ 1±1 T t!R ffl :zls: tt ~~-'ti~ JJfil f§tl stJ $ /J\ 1K /d.11% Btl 7fff feu ~ ,& t§ J.SY l¥J tWHttV 
)j-; 

00 6 ~lli T11Rffl*1t~~-'f1~:Mfff§JH!tJ LTE FDD r1rt:l!Ji!i1pJJ!~;J;i;J; 
007~1±17*ffl*1t~~-tt~:Mff~l¥J*D~~-*OO: ~,& 

i!l 8 ~lli T;J;!Rffl2Js:1tl3]~:m'ti~JJfil11tlS"J~r FRR l¥J ICIC 7J~BtJ:a:n±t:l:f£1~o 

25 

~~~nfil1J~ 

~r~~½mOO,~:zls:tt~BtJ~:mtt~JJill~*fiffl~otE*~:mtt~JJill~i:p.~ 
CTE~~~~oili¾*~~tt*Amm~~M, *1t~l¥Jmm::J=t~~r~. ~~:mtt 
gt; JJill 191J 1Jl.ffl r 11 :l£ § l¥J , J5Y. ~~~ :i-fl=* 'jj:_ aJJ atJ ~ f§JJ rm~~ x-t 2Js: 1t a] a-tJ ff:1i'lJ ~l mU , 1:f: 1i:iJ ;fU 

30 fflT*1t~~~~~1J~~~A2Js:tt~~~~ffim~o 

4 
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* 1t ~Jlti lli T ~ ;f,p f)r l¥J tt xt i:p ~llUm WJ ~ ~ ~ ~ i:p l¥J /J, g i'aJ-=t-1JttJJ, iJ.1 I CIC l¥J ?J'~ 

~9!$~)=§ FFR 1:i~o ;zjs:~~S{J~:;zjs:,~j~E{¾, illl:ti~-:r-r:p~ UE *l®c!::r;s<J¥~~lE3t~ 

¥J!:5J'--iiia, ;f1Jt~1±1Jtsll::t191J0.IfiJ.JJ.t CPFS) ~¥!s<Ji;11~~¥J!i]fJ]JJt, *lM36J,A eNB ~ RN 
1¥J~!R~®~!ROO-=f1Jt, X§ffi~~±~OO~~= 

5 c 1 > 1:1: / J, iK mrJ(~~ ~ r:p ~Jlt=i ,B ; 

(2) ~~~1'-/J,JKi:pl¥JWffl UE :5J'~M~: H~l±I eNB ijjJ'qj;fOJl~*B{J UE Mt~~ 
5¾ UE; ~.&f&l±I RN faJ~El3 eNB Jj~93-1¥] UE *BVf~~r:p~ UE; 

(3)~~~1'-]UJct®J~:n'-:*-JM1'-lE3t-=f~ffiw, 1:9tl~ll Fe ;flJ Fr, Xi:p Fe *Bz:5HE~ eNB, 

fr 1±1 eNB ~~5¥Llffl PFS j}-j!fil~* UE ;fO i:p m@~ Cbackhaul) f,i/i,1f; ~.& Fr i.Bzt§mz!-& 

10 Jtre~ RN, #ES RN ~~5fLlffl PFS :n\.re~i:r~i UEo ~Nl¥JtIJ:n'-15iHIET1:E eNB ~ RN 

z. fsJ rJt ~-=f f}t; 

(4) ~~i:ps{]m~1J,fil:ll1JlH§~13{]g;ff[iftIJ:n'-, ep, Fe PJ~l±lffl~nffi.:E eNB ~)=§, 

W-.& Fr PJ!J-1±1?/r~ RN ~ffl o 1±1-=f Fe J=§-=f/J,gi:p,t, UE, IEITm1JJ~* §if§~~ eNB ITT 

-=f1}t~$:@.1Jv=f* El nfil± eNB $<]{~-%~$ o ~at, tB PJ (;l ,fpj-~1], fil faJ RN -=ftJt9.tr 1:iJ 

15 lV-~~ITTm!Erk.J, ~~ RN ~fl=IF'm~~iB<J~~mlll CRN B<J1½!fimJJJ$1::r eNB B<J1½!mtr 

~$11£1l$ ); 

C 5) Fr ITT 5t & l5 f :l{g i:p ~ UE I::!:: mt .IE ft, #_a~¥~~ 1f S:t:itt1f iJ.1 ~ ~ 1=5 ~ fir 

w~~)jjt~t§!21ire; 

( 6 ) f :I::tJ i:p m UE l::r ¾ • 1'- RN ,P)r Jl~ * 1¥J i:p ~* UE ~ § di• 1'-11" fil f :I::tJ UE ,trtJ& 

20 § ${].IjZ:l:~s:n'"l::t, Jl.fzjs:!,&, ¾~~,tr/,B<Ji:J=im UE ~§~~1£~,tr/, UE ~§IJ§~~W-1£ 

~,trt,B<J RN~§ o ~~~1'-1J,fil1:iJFJ~:5J'-:;fjj::ff8js{j UE ,trtJ&, tB1:iJF1~~13::f~~:li8'-J RN 

~ §I , rffi ~1'- RN tB 1:iJ r:f~B~ * ::f ~ ~ §I ITT r:p ti UE o :*-J T itlt>i~ f :l:~ t:j=i !l UE l::t , -1, 

@, ~~i:p~]1 UE ~§lf&1±1 Un ~DJA'Bf-i'~~ RN tR1!T~nfil± eNB; ~-:nOO, il'!lu 

X2 ~D, 1:E~fEJE<J eNB t:j=ilit§jt~i:p~ UE ~§Io *~ffi~tt*A~~sJJ11fu1t., Un* 

25 D¾ Rn!'§ eNB z.fsJB{]*D; l?-l.& X2 ~D¾ eNB ~ eNB z.faJB'-.J~D; 

(7) ATJE?t%Uffl-i:~ FFR 1f'#;, ~~?tffcl¾~r:l:l5lft PF iJ.lJJt CPFS) ~~E<Jo 

:im:ti~t t,J ~ ~ ~Jd1LJ ~ ~ s<J ~ ~ i§ I A iJ.l JJt 11tlI!1J *IDt1f *:l:I 51, J-A rffi ~:EJJf~jJn~ ~ITT~~ 

:5t Mc o 

•mm 3, m3~lliTm•*~~~•tt~5~ITT~filoo-=r~~i]fJJ~~3oo~~ 
30 1tJ1gmo :t!i:im 3 m~, /j,]KfaJ.::P1}ti9J,imJ~~ 300 'e1=ri§: it~~Ji 301-. J=l=Jrit~f:l-1) 

5 
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t:p g* UE H~ ' ~ r:p m:i£ f :hlJ r:p ~* UE rt~ /j\ 1K r:p w -!fl-1'- RN Ji)r JjJt~-w r:p g* UE ~ § dim 
ff UE !l& § Wf:hlJs ?J'- rt; ?J'-llfil~II 303, ffi r;fl_HfisJiJrit•a<J.IJI-:l:>J r:p~ UE tt, lifflJE':~ 

?J'-rJiB#i- RN B<JlUJcw~, #~~,u~a'-J*~w~%IDii:!#i- eNB; imllt~Jr 305, ffir~-=f 

:l:tB.i rt 19U ¼-f iml lt. ¥~* ~ '.iE RN ;!;n eNB xtr m :5} We! W * ~ w '.it a<J :ltl:-zv ilm lt o 

5 *im)jjt~Jr 305 '§,f5: ffi-i}mjjt~Jr C*~lli ), J=IFf~-=fffi-:l:tB.i PFS ~:Y~* 
it• RN tzt w ffi-iij Lt~*, ~ iffl JE~ m?J'-llfil B<J ~ tJt w 1titt-tv % rem i:p fl! UE WiJWJ 

JJt1ft1E;~; ~&ffi=imlJJt~lr (*~lli ), ffir~rffi=:11Bi PFS •tt:*it~ eNB ~ 

s<J ffi = im) )5t ~ *, W-11m Ji::~~ m % PJia B<J * ~ w ~ M:-zv % We~ 2 UE 5fll r:p g* §l ~.¥H:i!N4Hl<J 

Wlt~*~· ~r:p, m~ffi-~ffi=~~ffs•~*•-=r•~•~~tt~~•o 

1 O .11:t~~, /J"IR fEJ.::Ptft#J,iffll~~ 300 iE1=iJ ~ '§,t§iJ:ir.tEit•~II 301 z..lWWlii'.iE~Jf 

(*~lli ), ffirt!HJEslWB'-J UE *~1J~5fll~~-:B':!J~Mt,m, 11JtJi:: UE ~t:pf* UE iE 

~* UE, ~ -1]! liifl Ji:: i:p fl! UE 8<J !l& EL 

~ r ~ Jffi oo 4-1, xtt& itis * 'J.x ~ ~• ,t1 ~ JJm 1ftl w /J" JK faJ .::PtJtirJ} iml 1J1~:tt1:1rffli :J£, 

ti:*~-'t§: ~ JJill 1}tl r:p , W- LTE FD D r 1Tt:ll~{trifu 7'J 1}tl o J:iJ ~ :FJf!ifflf, :zjs: ix: ~ ::f: ~~ r J1t, 

15 1m ~ pJ ~ J§Zffi -=f ~ ~ 7G tttffi ~ 0 

005~•tt~~lli7$~1RA:liJ.%B<J~~~RffiJ§ZB<J~-~%o~OOsm~,tE 

~1'-/J"IR:liJ.~PT!;V~~~. 1JU5!1:f, M1'- RNo ~ LTE FDD *~;/;J1~J, A~:l:lh, LTE FDD 

*~r:ps<J4!j:1'-r1Tt:llliI~$.m* lOms, 'Elitt 201'-*&7'1 0.5ms W8'Jfmt, ;j;~iei7'J 0-19, ~l:f 

00 6 m~o ~~-=f$,vUi:3l:1/iftl31'-~t~s'-Jatlmt, ~t=p-=f$J}f i 'Elifisatlmt 2i 5fll 2i+l o 

20 tE 10MHz *~w~ a{J•tw&. r, tf4!j:1'--=f $J]f r:p{F:tf,hf,~7'J 50 B<J4ilJJ!tE&HJJ:lik:CPRB) o 

1J?JN.IJI-:hlJ 25 1'- UE :l:>J~~?J'-;ffj:(:E~,t-/J" 13: r:p, #i-&itis slW~½B/,J UE *~71~ ( 1fU1Zi:J, 

~mJljJ~41cm1%:r}Jlf(,L, ~-~RRe-~) ~&~~~00~*:ltifJ.~, EB eNB ~ RN z­
J.l~*o ~lfiWfflJ&, 1UtEl3 eNB J.lli~B<J UE ~jg* UE, Jllin RN faJ*El3 eNB J.l~*8"1 

UE ft 7'J r:p ~* UE o 

25 tEz:15-~J 401 i:p, lifflJE~ir;J;&ffi 3mJfj{J UE *I@c1J~5FIJ~*:ltffJ.~1t ,m, lifaJE UE 

~9=1~Mi UE ~~* UE, ~~lijij~r:pgm UE w~ § 0 

~fr§, tJ:1'- RN Jllitt Un *D rfiJ eNB 1Jir!rr:pm UE ~ §, :=rf:iffi.tt X2 *D?:E~lr.u 

E19 eNB t=p!f_,r§3t~* UE *~1~,m C E!Pr:p~ UE ~ § )o 

tEtv~ S403 r:p, ilU:I.it~~ir 301 i,t~f:1$Ji:pfl! UE H~o 

30 ttW~J S405 r:p, *~~Ir 303 it&~F.Jrit~Wf:1$Jr:p~Mi UE r~, lim~~~i'Jic~ RN 

6 
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1¥.J * ~ w '.00: , :Jt~Jtl ffe B<J * ~ w '.00: :5frE~ eNB 0 

{Ju:tm, 1FLi&:=tE%':5EN~BtfaJ 01, .IjZ:hl):1:-t!!, t:J~ RN f13]~:l:-fujji9§-- 3 ~ UE, ep, i:J=t 

m UE, C 8311:l:J=fJ~Uf¾Ji:p~ UE l::t:3/v 3/25=12%), ~&~.:£ eNB lf.~Jj~~ 19 ~ UEc 

IE!Jlt, 1:iJW.;J;iffl.If:l!.gi:J=t~i UE I::~ 12%, *tf~~*~w'.Jt~J:5t7i7t?J.rM'l'~~7t: Fr, 1-6 

5 ~ PRB; ~& Fe, 7-50 ~ PRB, ep, *tfmf 12%1¥.J~~:n'-rfci~ RN ~fJe:JJ!l9§--ri:J=tm UE, 

Ll &~~JU Jk:5:t Wl5HIB ~ eNB Ll ~E~ *r z UE 5¥0 i:p fl@] flH:ltf li!%, ~o 00 7 ?Jr/'J\ o 

B3T~1JJWn&-~t.&:k'Al!~ll[fij;;j FFR 1¥J't1¥5!3, :7vJ.1:t, :2ls:Jt!fflmili T:l:lsi PPS, ill 

:et =tE iJl & f'lJI!iJ i:p i3 ! AiiP &~Jl=P ~ ~A Jtl ~~ 1¥.J !El ~*~ff ~ii sl:a, JA rm ~lYl5l!JJ~ m ir El<J 

~ 1lJ :5H!a o 

10 =tEw¥1 S407 i:p, iJJOC~iI 305 ~7~5! PPS ~~'JiHiJflJE RN 5fll eNB x1-=f5.HliG* 

it 303 ]3/ri,'--!'iatl"J Fr 5fJ:l Fe l¥J:1it-zvi-,mJ,!j[o 

JJ.1t:1:-&iJL =tEw¥1 S407 i:p, rn~-iJ)ft~Jf£r~-:l:\l\Hl:a PFS ~r!*i-t~ RN 

!le 1¥.J ~-iJ) & ttL~, ~ 11Jfl }E~~ m :n'-rfc\ 8<J ]UJE w '.lt:ltt-w 5t re~ i:J=t ~ UE 8<J iJJ & 17t5t ~lL 

~=. iw.J&~:i:£-r~=.:l:tBl:a PPS ~~*it~ eNB ~B{Jffi=.iw.Joc~:W, ~1iJflJE~~pfr)t 

15 rfc\1¥J~~w~*-zv5trfri~*UE~i:J=t~@]~--B<JiJ]ft~5t~o~9=1, 

1) ~l,W_.~-i\l\Bln PFS •¥!:ttorffifB<J*;i2):5't (1) - (3) ~ti::\: 

ttxt Fr t!JYiws"Jt:J~ PRB l¥J RN PFS, iJl&17t5ttlH1t!nU:3/v 

(1) 

~*, t~atrsJ~c;l, Rf;sl(t) ~q:ifiUE mB<J~at1:iJ3'lN~ffl~$, Ll& Ri~e,.(t) }tHN!ffl 
20 r~*~51!ffil¥Jtt~~-M~~-rl¥Ji:J=t~~ml¥Jffi~d~f:hlla9§--~$ 

(2) 

(3) 

~i:J=t,TII~-=fl~, ~.-~~Ml¥J~-EltOO~~oArtffi~~i¥J~ffl~~*&~ 

25 jj~:%- RN !lts{JJI! 1t~ffl M.Jtl*1Jr=.::g;}IHiJflJE~11P~~A3'U at,~, *JJl o 

~;l:Jll~tt* q:i 1¥.J PFS ~$'! M(t) = arg max Rfist (t) ,r§ I::~' -*LtaJJm~tl::\ B{JiJJ&17t7t~ 
m R;:,er(t) 

rftll!U~m7 UE 1¥.Jf,l~~)[)t~, JArnHJ!tfk.7 ~S::l¥J~f'9l~*iw.J& UEo 

2) ~J,W_.~=.:l:\I/slnPFS~rt~1:JrmiB<J*;i2):5=.t (4) ;fl:J (5) ~ti::\: 

7 
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@~ eNB ~1¥1~*:ii:JJUtlttl~¾x~i:ff-ltJtJJJHfil Cinfinitely-backlogged model), ill 

~11'7ilm:ff-lwtJ~. ttxt Fe fl;.vHIHB~-1-- RPB ~B<J eNB PPS, 1=1:~1--ErrfaJz:l5</J~i:p, imJ& 

11t 5t ~ 1~ !J!Ll 7iJ 

(4) M (t) _ { RfJis, (t) Rf;;p (t) } 
e -arg max , 1 

n,lm R;ver(t) Ra;!er(t) 

jt: i:p , t * 7f\ a-I faJ ~ 11 I , R1:s1 (t) * 7f\ * VE n B<J ~ Err EJ3zj~ l1diH2i $ , R;ver (t) *7f\tt xt 
~-a,j-fE]1ftJtr a<J.* UE n B<J:t~~~~3f:htJn~93-:im$, R;;~er(t) *7f\9='tf UE m JifixtmB<J 
@w•Ma<J3¥:htl~•· ~&4w*/j\~~T*~~~-~~tt~a<Ja*~@w•• 
~$0 ;tti:p* UE n 13{] PF 17t5t~B<JitJf ( Rf:,s1(t)/R;ver(t) )._ lJ-&i:p~ UE m JiJrxtmB<J@ 
l¥m.1¥J3¥:i$J:im$ C R;;;:erCt)) B<Ji-t~lij:E~ff:Ji*i:pij;§fr-Uo ~mL 3{,tfliji:pti UE m xt 
ml¥Ji:p~@jfi··~•4W*/J\~~Ti:p~-~-~~~~1¥Ja*~@!WmM~$: 

{

o, :!zn J!~/t:ii lil1} l mITT ~ i1t1 ,~rnA 3r"tl ·[5;:li'. ::k f %' J.E 11m ffi s I 
R{:;;p(t) = +oo, :!zn:!llH':4~ l 11Jltl~#ff:iiJy,..§.,g, BtlRN~ztftpff~A37tl-lfJ.1U}f%'J.El~J4lffiS2 

R{;:~1 (t), ;itTI'tf t'.5l 

(5) 

A i:p' Rfa, (t) ~@!lii,!Nl Im a{]~atPJ3'Cl~1J§fi!§!:;is!$ 0 

:liltt*ffl Rf:;;p(t) w~~R{;;'..1(t)' i:p~Els@W!r:ltf~:;f-~tf;~tl$1¥J Fe t®PIW~S, fPJE17=iJ 

IV- IPJ i:p ti UE ~1~ :i$J ~ st ~1J~H,1f. o -=f ¾, Pf IV-=tE.* UE *I] i:p ~Els @I WH~ Ji% i:p ]~jfl a :1:-fu:f! 

15 ffl Fe tYlwo 

~w.~~•~••*re®~~wsffl~~.PJIV-1=Ei:r$~M•~~~i:r~~~ 

~3:~~T FFR B<J ICIC, W::Fffl ~iffiU eNB ~13<.J~$~ffitl o 

:zls: it J!lj tt xt i:p ~l$m AA~~~* r:p l¥J LTE "T 1rt:it•1t$tu, ~ l±l T -frp iu ffl ;v§ m B<J :!:I 

sl PFS ~msfJfJrE"J~.::_f FFR l¥J ICIC 7f~o =tEi~ FFR rl~i:p, ~~H~1--~~Jdlt'.m5}7iJM 

20 1'-IE3'cJt~5J'-, ---tfflrEl3 eNB ]fj~]!x*A<J.* UE, ~-1--fflrE13/J\Rf:liI~ RN B~*El<J 

i:p~ UEo ffl-=fi:p~ UE Btl.S7=iJ!V-El3Wrif RN ~ffl, ~7il RN Jl_ifif~iElfJ1'½$tu~$o 

~1W.:l:-t!!, ffl r* UE E<J~S ili 1:iJ IV- El3Jifrif eNB i{ffl, ~ 7iJJZ:®~~¾ffl .::_f /J\ JR i:p 1G' 

UE l¥J o ~t!fmittLl5J'-fr/f-ffl~fr eNB ~EtlW$r~ffiUWFJ~, W¾~~1ft$$}~:EJJ6st O Jffl.tl 

;jtHi a iW B"J UE ::k~*IJ ~ *ill :ff-l t\t:riffJ ~ J:fl ~ UE st~ § , ~~ fm :ri ~ J=i)r it~ 8<J 3¥ :i$J t=p ~I 

25 UE l::tiifl~i:p~f UE •sw:IL ~:itl:lr~Er~iffi.l!1t., Fr-Uat, 7iJ 7 3t1::%Llffl~ FFR tl~, 

~l±\T1=E~l!i~*~m~*~~*••~•tt~l¥J~m~ws, ~~~-~M~~ffl 
a<J :i$J ffi1f :rt 0 

J1:~1'r, Wr~l±lst1JmPJ~fflr~~ I ;flJ~~ II i:rti7'1I,~, =1~1ftif5¥Llr=tE 3GPP 

LTE-A 1~11! t=p Ei<Jmlffl o 

3 0 *ffl :zjs: it J!lj EJ{j ~ r FFR B"J I CIC 1J ~ 1:iJ ~ ft /j\ JR 5JZ:i$J ;flJ / J\ Rf Jll~~~ if tj $ 7J 00 ~ 
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1* £:Pf 00 ~ tjf, ·~ ti~ 0 

~ 8 ~ ill T Pfi* t±\ 1¥1 nr¼ l¥J Ju!~ 111: ti~~~ ( JJ3-]1-tJ=ll,P ~ P±il:) /J\it ~ 0 rffi 1¥1 

* 1 in:sr< T TT x-t ~ 8 i:p ~#'ti i'.5t 1¥] ;j-§ ~ 1J, 1K f :r.sJ 5fll ,j, l2$Jil.~ C 5%) J=llP :ff P± ii::f:f ~ ( * 
1 J:f Bx~-;a:ll±:l!::itt1f T y3-{,t) o i~ttit•1:IJ ~1i~ll, il!itt*J=§ RN j[J=§, 1:E 1J, 1R f:ht) 

5 ;f1J1J,1K:ill~:'ffll±ii:J::5ti1J1f 9.4%l11 4.0¾BfJ~;IJQ; Jffi.tt:a&-t-,J,IKl:kJ*fflIE3't RN{½ 

tmtr, :a,J, iR -Sf:Itgli:i 1J, 1Km~~P±ii:J:?J~jJuff 3.0%5fll 16.0%1¥J:l:t1Jo o 

* 1 

~ -t£r!Jt::ff RN lirJ/jf tfl 7-° lirJ RNJE:Jc RN .i{/fj 

i!lifit 

1J, IR ->jl-:1$.J (bps /Hz/ 1J, IR) 1.741 1.794 (+3.0%) 1.905 (+9. 4%) 

1J,J8:;liz~ (bps/Hz) 0.025 0.029(+16.0%) 0.026 (+4.0%) 

T0000*2~iliTtE~~--~~J:J=i~ffl*~~!¥J:1i~~~~*fiW•~m*m 
10 131,_)~~0 

* 2 
~~ ,m 

~~;fff)@} •m 7 eNB M1ai¥JJ;f~ (wrap-round) ;i'ffftu, TIJ-1- eNB i45 #,( 'el. 
~ 3 1'-1J, IR, 1J,.jRjj'y,/,:iJJ~ti1ffq 

~gjt1!r~ 10MHz, r{f~li!t 
ISD (~t,!ifa]ffi) 500 m (3GPP :1:mJl: 1) 
~:k eNodeB :i;/J$ 46dBm 

RN ,f=H.itPJJ$ 30dBm 

TIJ:-t- 1J, !R !'!{J RN ~ I§ 2 

TIJ;,t-,J,!R l¥J UE ~ I§ 25 

iffi.))3[1f~ :l:\W/ 5.ffi H~111J 03¥ 
wfl)}ti:pt!i 6ms 

if.IlOCiJL& SPRB 

r{ftJi~ HARQ JJ.ff CC R<J~zv HARQ, :11:::k.:::J'~~{t, ~lz i:p~f~~i:p R'.J~ 
/iY~HARQ 

1tm: ~t :x-1 3 a PP :Li:ll 1 s<J scM .¥: pg * • ~ #61t JtUIID! 
eNodeB *~£.:fl Jj,ff{E 3GPP TS 36.814 Vl.2.1 i:p JE'.5tB<J*~~~1¥.J 11'-1tl1ltr* 

~ 
RN*~flii:\I[ JJ.ffiE 3GPPTS 36.814 Vl.2.1 i:pJE'.5tl¥J*~.IUJ!~B{J 1 "1'-{tl1ltr* 

~:fl] 2 -t-ttL&:x~ 
UE:x~fJiri.:fl 2 1'-{tl1ltr*~(0 dBi :X~:ltl Sia, :i: lliJ 1¥1) 
T1f~~~45e~ill MRC 

lilM~:t.i!~~Jt~ ~JTt!. 3GPPTS 36.814 Vl.2.1 
~~iitlill frJJJ in 1iilt1UI1 
¥.:t:$tl1t:iHJffF1, ACK ~ LTE: J=IFf DL CCH R<J L=3 -t-1'£%, J:l=Ffflilj1if,!J~~1t%1¥.JfHfJJ 
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jffi_MLffi~llil¥J~Mey~,*1t~ey~~~~~*$WT~~~~l¥J-X*~OO 
*~tt~o~ffl*1t~l¥J7J~A~~T*tt= 

- eNB ;Fil B !¥Jr~ RN 1tJ=lfiE~tl;ff-i.$ JHJJ; 

5 -Ll~9~7J~~fi~g~~-•*re; 
- Jffi.tt Un ~ P , ~~ UE *ltR1s ,@)A RN t~ 'l§-~ mff ± eNB; 

- :;;r-lr'Ul¥J eNB 1iJl:~3'.l:1L ~Jffi.tt X2 ~P3'.ttfk:B1fJ;f;§~E<J UE *ItHt5F!~o 

*1tl!rL4:~Yt'7El~-f- FFR a{] rcrc ffllttk:7J~, ~JE 3GPP LTE ~~i;E)t, ~wey 
~ 1I ~~r:EJilff 1¥.rl;[** ~fJil o 

1 O * ~Ji ~tt * A .V-! J3Y * 1ll ?Gt~ 1A iJU~U , J:iJ Ll 3ffij2JJ~ t¥, *U ffl it•tJl* ~3:JilL3£7Jii 

1¥J~~~-ofr~, -®~:Mff7J~~~§ffimMm~~*•mm~1¥JN~~-~~ 
c~. ~*•ffl~~*m>~El•~m•w~fi~*•mPJ~Hoo~~m♦, ~~. 

~ffi♦~fiL~7J~l¥J-~~~-~-o~~.~~~-~~ey~~~*~MM,. 

~M*m<~-~~-ffi),@#~*ey~~*~M~M*Mo~~7J~~ff§ffi~ 
15 fi~M*mLB~l¥J~~Ll~fi~J£7J~l¥Jm~~-1¥J*•mo 

LffiMffifflOOm•i¥JM~~~~T~~*1t~W~~tt~llil¥Jo*ffi~tt*Am 
m~~M, ~-~-f-L@mm~1¥J*tt~1¥J~~•m:;;r-lr'Uoo~~. fil~~~~~i¥J~ 
~*fr~~~~~~~~m.~~~7*~~1¥Jffi~*§m~~ff~fflMm~~.~ 
*·m~~~~~1¥J~~~~~±~Rfflr~~§~~ffl~~*~M*tt~1¥J~•~ 

20 &~~Am~~oo~**~~oo~m.*~~••~:;;r-¾~~®~~•~oo~~~~ 
#00~~0~*' ~~m~~~*1t~OOffi~,7Jffiffi~mff7J~OO~~&~*JEl¥J~ 
fjtl§*~~~!Jo/.J:(:E~ 0 
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1. -firtE i:p ~l!tfm ii}J ~ ~ i:p :lttlr /J, ~:rsJ-=f1Jti?JJ,iJ\lil ICIC B<J:1Jm, 1±Pfi:i£ i:p $tfm ii}J ~ 

~ i:p, ffl? fil ~ VE *ltiU jJ'--;7v El3 ~fl~ H ~ !:I~ 93- B"J * UE ;FIJ ~2: 1±1 J:P $ T-f ,~ fsJ ~ El3 ~y:,5 !:Ill 

s * B<J * m uE , J=ifi :i& nit:~ M 12)_ r iv)Jt = 

it~SJZ-:l$J i:p $ UE l::t, ;tti:p Wf:i&3¥-:l$J J:P ~lit UE l::t£/J'\ JR i:p B"Jlli-1--J:P $T-f 2m !:1~9§­

El<J i:p~f UE !i& § i:!:i"Pfi~ UE ~ § B<JSJZ:l:~s )tl::t; 

ti.HM m it# ITT 3¥- :l$J i:p ~~ UE l::t , :P)fl YE~* We~ i:p ~* T-f B s<J JjUJE w Jt ' # ~:ij *u ~ B"J 

* tJc w M jJ'--wa ~ ~ fti!i ; 12)_ & 

1 0 ~ T iffiJ & • m* :Pi§ YE* ~*Tl}~ fl]~ M x-tf m jJ'--i!lic ITT*~ w M B"J :itl:-zv i,ffij & 0 

2.*ffl~~~*1m:i&B<J:1J~.;tti:p,ffr:i&~&#m£*•r~~•~~~~~ 

~ a<J:1:t5Ji 1::t 11u 03¥-ifiil J.tff m 0 

3.*ffl~~~*Iffr:i&B<J:1J~,;tti:p,,tre~i:p$T-fF.i-ITT*~*M~,tre~~~ 

B<J * ~ w M £t§ 1LiE 3'.t a<J o 

1s 4. *ffl*x*u~* 2 m:i&a<J:1Jm, ;tti:p:PiYE:lt!:-zv1ffi.l&a<Jzv·#t~M= 

~ f ffi -:l:l 5_¥. l::t 13'U 0-Sf iffi.1 & ji[ i!* it ji( tt x-t i:p ~* T-f F.1- ITT ffi -ifiij & ff£ lI!U , 12]_ :ri)fl YE ~:ij 

m :5HJia BtJ ~~UJE w M :lt!:-zv 7:1'-- f=lia ~ i:p m UE s<J iffi.1 & 1Jt5t @t 0 

s.*ffl~~~*4m:i£ITT:1J~,;tti:p~Mr~~m•-*~1t~03¥-iJ\lil&•m. 

20 ;lt t=p, t *7T-l:l'J fsj ~ 5 I, Rf:.\·t(t) *7.;-i:p ~I! UE m El<Jlw.f:S'JPJ3zff!i&ffi:ifil$, R;~er(t) *7T-$t 
xt~-8-tfsJ'ffi'm• BtlJ:P~I! UE m Btl1~~~¥J}:3¥-:l~!:11l§§-:UB$, 12}_,& R£'~JTerCt)*7T-9='~1! UE m 

B'-:J 1J=J~ ~ f9=!:ifil$ o 

6. t~ ffi ifX5f U ~ * 2 Pfi:i& B"J nit:, A i:p :PJfl YE:ltt-zv iffi.1 & l¥J iv #IJdS 1~1115 : ~ f ffi = 

*~1t~03¥-ifi!JJ.t•m**•tt~~MB<Jffi=ifii1&ff£~. [2J_~YEffim:5trel¥J*~*M 
25 :lft-zv7:1'--WG~* UE flJ i:p~Jit@l~~lltl¥Jiffi.!&17t5t~ o 

1. *ffl*x*U~* 6 m~1¥J1Jrt:, ;tti:p~Mr5t~JJJ~Jt=:1:t5Jil::t11u03¥-1ffi.l&ffrt:, 

M (t) _ { Rf:is, (t) Rf;;;P (t)} 
e - arg max , 

1 
, 

n,lm River(!) RtJ~er(t) 

;tti:p, t *7T-l:l-tfaJ~ 111, R:,:.,/t) ~7F:5Z UE n E<Jffffii:S,fi:iJSz:rsf!i&1J!H~$. R;.,e,.(t) *7T-$tX-t 
~-a-tfsJ~jt• 1¥J* UE n BtJ1~~¥m¥ffi:f:l$JJ:l~§§-;im$, R~~erCO *7.;-i:p~Jit UE m ffrx-t~B<J 

30 @l~--B<J3¥-:l$J:im$, ~&~W*7T-~~Ti:p$·~-M~~~ITT~:iftru@finn 
JlBI?po 
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8. 1lHJlf*JZ.lU~33< 1 m:i&IW1r1!, :i;fre!ffi, ~ffl~rwatJ UE *WRn~;fO~*ii:ffJ.~ 

1t ,~, :Pi JE uE ¾ r:r m uE ~~* uE o 

9. -~~ r:p~tfmWJ ~~r:rm1T /J\!K faFf}jti,J,i,JiU ICIC IW-ia:-1&, fr?Jr~ i:piEUmWJ ~~ 

r:p , ffl? -I&~ UE tffe::!W ?J\.1v EB~ :ftt J~j~ B!i * B<J * UE ;flJ ~ El3 r:p ti "ff.~ fa]~ EB~ fti!i B~ * 
5 !Wi::ril UE, ,P,JfJ£i&~§11S: 

it ~:sltJl , ffl r it '.Jf SJZ :l!.B r:p ~ UE !::t , A t=p Pfr ~ f :l!.B r:p ii UE i:t ¾ ;]-,, JR r:p IW .-1-­
r:p ~ "ff 2 m B~ * a<] r:p ti! UE ~ § ~ Jififf UE ~ § a<J f :l$J s ?J\. !::t ; 

,t WrAtJt, ffl r11Rffl JWit1f IW3f :1!.B r:p f~ UE !::t, :Pi JE~ * 1£~ r:p fl Tf Q 1W ]UJE w 
~.#~~~IW~~*~*~~~M; ~& 

10 ~~•Jt,fflr~r~N#m*•5Er=r~-=r-r~~~M~rm¾~IW*~*~Bt1* 

10. ~WiitJZ.:fU~* 9 13/rJ&B<Ji&-i-, ~r:p, ?,fr~~JjJfif*:;&HtU¥.mr~i1fl~~A~u~~ 

~ ~ s<J ±~ 51 ~t 1J!J 03f i%.J&•m o 

1 1. ~ ffl :rJZ. lU ~ * 9 13/r ~ l'.tJ i& -i- , ;it r:p , 73' We~ r:p t]~f=p ,8 1W ]UJt w ~ ;flJ 71' wa ~~ 

15 fti!i El'-1 * ~ w ~ ~fllliIE 3t s<J o 

12. 11.ui *Riv~* 10 m ~ a<J 1& -i- , ;tt r=r m:t& iJiU l5t •:1: § m : 
•-~~•Jt,m.:r-~-=r-•-~~~~0~~~•~*~fftt~r=r~~A1Wffl­

imJ }J}l !I!IJ ' t::]JiiB TE~~ Wr 71' Me, B<:! * ~ w ~ :ift- t!7 71' wa ~ r:p gi UE B<J i)iij ~ 1:it5t ~ 0 

13. 1~ ffl *JZ. iu ~ * 12 P✓JrJ& ati 1& ~, ~ r=r :im. tt r :rt~ JJiffl- :1:~ 51 1::t 1~u 0 3f tw.i JJt !t 
20 1ft, 

Ai::r' t *~atrEJ~i3!, Rf::st (t) *~r:p~ UE m B\JffJ1:Et-aJ.3tt-f~ffl:1fil¥, R;~er(t) *~it 
xt~-a,tfaJ'ffi'f!i- jj{_Jr:pfi UE m El'\11~~~~3f:lf.B,ij~*Jfil¥, ~& Rbtiffer(t)*~i=ptfili UE m 

at jtJJ ~ ~ 1l=f :1fil $ o 

2 5 14. ;j;~ :J'M fJZ. 5fU ~ >l< 10 J3/rJ& st i& ~, A i:p Pfr ~ ififl ~ -Jt~ § ffi: ffi = ififl & •if. , ffl 

30 

f~.:r-•=*~~~0f~JJt•~*#•tt~~M~ffi=~~~~. Ll•~~m~~ 
BTI * ~ w M :itt-;!:v 71' Ma~* UE ill r:p f~@I ~£ !ttf IE-1HI{J ifiiJ JJt iit7'G ~ o 

15. *i ffl 1JZ. 5fij ~ >l< 14 ,P}r ~ ${_] i& -Ji- , ~ i:p ilR ttr A~ JJJlffl = :l:lBi r~ 1JIJ 0 f iJm & ~ 
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;!ti:p, t ~7.KEtfaJ~51, Ri:s1(t) ~7J\!lZ. UE n tl{J~J:lt""i:JJ:szjt~ffl:i~)¥, R;,er(t) ~7J\TTX'I 
*-a-1fi3J'm:llr BTI% UE n tl{J:J'~~~~~:kt]~~*:ilt$, R~;:er(t) *7°J'i:p£i UE m §r:X,j~tl{J 

@~ti~OO~~~*· ~&~oo*~~mTi:r••~-~~tt~OO~*~~m•• 
~}¥0 

5 16. t~ ffi ,rX5fU ~ * 9 ?,fr~ 00 i&t -i- , ~ 1¾ tis , ~ JE ~it , ffl 'T" ~ ffl § 1W B<J UE ~~ 

1J~;fl1~*1tffJ.t\t1i,~, 1005:E UE ¾i:r• UE fE:!!% UEo 
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5 SPECIFICATION 

Related Applications 

[001] This application claims the benefit of the following U.S. Patent 

10 applications, all of which are incorporated herein by reference: 

Serial Number Filing Date Title 

61/374,593 8/17/2010 Neutral Host Architecture for a Distributed 

15 Antenna System 

61/382,836 9/14/2010 Remotely Reconfigurable 

Distributed Antenna 

System and Methods 

12/928,931 12/21/2010 Modulation Agnostic Digital Hybrid Mode 

20 Power Amplifier System and Method 

12/928,933 12/21/2010 Remote Radio Head Unit System with 

Wideband Power Amplifier and Method 

12/928,934 12/21/2010 Multi-Band Wideband Power 

Amplifier Digital 

25 Predistortion System and Method 
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12/928,943 12/21/2010 High Efficiency, Remotely Reconfigurable 

Remote Radio Head Unit System 

and Method for Wireless Communications 

61/439,940 2/7/2011 Daisy Chained Ring of Remote Units for a 

Distributed Antenna System 

[not assigned yet] 8/16/2011 Neutral Host Architecture for a Distributed 

Antenna System 

[not assigned yet] 8/16/2011 Remotely Reconfigurable 

Distributed Antenna 

System and Methods 

[not assigned yet] 8/16/2011 Daisy Chained Ring of Remote Units for a 

Distributed Antenna System 

FIELD OF THE INVENTION 

[002] The present invention generally relates to wireless communication 

systems employing Distributed Antenna Systems (DAS) as part of a 

distributed wireless network. More specifically, the present invention relates 

to a DAS utilizing one or more remotely monitored and controlled digital 

access units configured to assign particular packet transmissions to selected 

ones of a plurality of remote units, which can in some embodiments be 

configured in a daisy-chained rings. 

BACKGROUND OF THE INVENTION 

[003] Wireless and mobile network operators face the continuing challenge 

of building networks that effectively manage high data-traffic growth rates. 

2 
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Mobility and an increased level of multimedia content for end users requires 

end-to-end network adaptations that support both new services and the 

increased demand for broadband and flat-rate Internet access. One of the 

most difficult challenges faced by network operators is maximizing the 

capacity of their DAS networks while ensuring cost-effective DAS 

deployments and at the same time providing a very high degree of DAS 

remote unit availability. 

(004] In order to provide DAS network capacity which is high enough to 

meet short-term needs of network subscribers in specific locations yet also 

avoid costly and inefficient deployment of radio resources, DAS network 

planners prefer to employ DAS architectures and solutions which provide a 

high degree of dynamic flexibility. Therefore, it would be advantageous for 

wireless network operators to employ a DAS solution which has a high 

degree of flexibility to implement dynamic rearrangements based on ever­

changing network conditions and subscriber needs. Also, the more future­

proof a DAS deployment can be, generally the lower its life cycle cost. 

(005] DAS network planners and system integrators employ a wide range of 

innovative approaches for helping to ensure that a particular DAS 

deployment is as cost-effective as possible. The types of costs considered 

by network planners and integrators include DAS deployment or DAS 

installation cost, as well as operational costs including maintenance costs, 

emergency restoration costs and network re-arrangement costs. 

Rearrangement costs are particularly significant for indoor DAS applications, 

due to frequent changes in building use and facility needs changes. 

Therefore, it would be advantageous to employ DAS systems and methods 

which are based on as few DAS transport facilities as possible to minimize 

3 
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installation and/or lease costs and have self-healing capabilities to avoid the 

need for costly emergency restoration services. 

[006] In order to obtain a high degree of DAS remote unit availability, two 

primary conditions must be satisfied. First, the DAS remote unit itself must 

be inherently reliable. Second, the transport media e.g., optical fiber, must 

be very reliable. It is well known that electronic and/or optical connections 

themselves are a significant root cause of failure or reduced availability in a 

DAS network. Companies who maintain outdoor DAS networks have 

reported that a failure of outside plant optical fiber facilities is not as rare as 

would be desirable. Therefore, it would be advantageous to employ systems 

and methods which offer higher redundancy and/or self-healing features in 

the event of failure of a transport media connection. 

SUMMARY OF THE INVENTION 

[007] The present invention substantially achieves the advantages and 

benefits discussed above and overcomes the limitations of the prior art 

discussed above by providing a distributed antenna system responsive to 

one or more base stations and having at least one but in some embodiments 

a plurality of Digital Access Units ("DAU's"), each operating to control the 

packet traffic of an associated plurality of Digital Remote Units ("DRU's"). In 

embodiments employing multiple DAU's, the DAU's can be daisy-chained 

linearly or in a ring configuration. Likewise, depending upon the 

implementation, the DRU's associated with a given DAU can be configured in 

either a linear or ring Daisy chain configuration. 

4 



5 

10 

15 

20 

25 

WO 2012/024349 PCT/US2011/048004 

[008] The data received from the base stations is down-converted, digitized 

and converted to baseband with the DAU. The data streams are then 1/Q 

mapped and framed and independently serialized, such that multiple data 

streams are available in parallel from the DAU. In at least some 

embodiments, the DAU communicates with the associated DRU's via an 

optical transport arrangement. It will be appreciated by those skilled in the 

art that, using the present invention, it is possible to configure a distributed 

antenna system having n base stations, each providing m RF outputs for 

transmission by one or more associated DAU's too DRU's, where the only 

limits are imposed by the technical performance specifications of the 

particular DAS, such as delay. 

[009] By the use of a ring configuration for connecting, in at least some 

embodiments, the DRU's and/or the DAU's, fault tolerance is built into the 

system, with resulting high availability. In single DAU embodiments, each 

DRU is accessible through two paths, and therefore remains available even 

in the event of a line break. In multi-DAU embodiments, where the DAU's 

are linearly daisy-chained, each DRU is accessible from multiple DRU's such 

that even some DAU failures will not prevent system operation. In 

embodiments employing a ring connection for the DAU's, multiple paths exist 

to each DAU, and thus provide an additional level of fault tolerance as well 

as dynamic load balancing and resource management as discussed in 

greater detail hereinafter. 

[0010] Thus, the configuration of the advanced system architecture of the 

present invention provides a high degree of flexibility to manage, control, 

enhance and facilitate the radio resource efficiency, usage, availability, and 

overall performance of the distributed wireless network. The present 

5 
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invention enables specialized applications and enhancements including 

Flexible Simulcast, automatic traffic load-balancing, network and radio 

resource optimization, network calibration, autonomous/assisted 

commissioning, carrier pooling, automatic frequency selection, radio 

frequency carrier placement, traffic monitoring, traffic tagging, and indoor 

location determination using pilot beacons. The present invention can also 

serve multiple operators, multi-mode radios (modulation-independent) and 

multi-frequency bands per operator to increase the efficiency and traffic 

capacity of the operators' wireless networks. 

10 [0011] Further the present invention provides a high degree of dynamic 

15 

20 

flexibility, supports dynamic re-arrangements, and provides a low life cycle 

cost. This advanced system architecture enables deployment of DAS 

networks using fewer DAS transport facilities to reduce costs, while providing 

self-healing features. The present invention also offers redundancy and 

enhanced system availability. 

[0012] It is an object of the present invention to provide Flexible Simulcast 

capabilities, as disclosed in U.S. Provisional Application S.N. 61/382,836, 

entitled "Remotely Reconfigurable Distributed Antenna System and Methods," 

filed September 14, 2010, incorporated herein by reference and attached as 

Appendix A, in a high-availability ring configuration using, for example, 

optical fiber transport. As discussed above, the ring configuration insures 

that a break in any optical fiber cable will not shut down the daisy-chained 

network, because the downlink and uplink signals can be rerouted around 

the cable break to the respective DRUs. 
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[0013) It is a further object of the present invention to balance the 

bidirectional data rate on the optical fibers so as to increase the maximum 

achievable data rate during operation on the ring network of DRUs. 

[0014) It is a further object of the present invention to provide higher transport 

network capacity in the event the data transport is asymmetrical between the 

downlink and uplink, as is typically the case for mobile broadband networks. 

[0015) It is a further object of the present invention to provide an adaptive 

and automatic control for optimizing the transport media capacity on the ring. 

[0016) It is a further object of the present invention to provide a method of 

summing co-channel users' uplink signals in the DRU daisy chain. 

[0017) Applications of the present invention are suitable to be employed with 

distributed base stations, distributed antenna systems, distributed repeaters, 

mobile equipment and wireless terminals, portable wireless devices, and 

other wireless communication systems such as microwave and satellite 

communications. The present invention is also field upgradable through a 

link such as an Ethernet connection to a remote computing center. 

[0018) Appendix I is a glossary of terms used herein, including acronyms. 

THE FIGURES 

[0019) Further objects and advantages of the present invention can be more 

fully understood from the following detailed description taken in conjunction 

with the accompanying drawings in which: 

[0020) Figure 1 is a block diagram according to one embodiment of the 

invention showing the basic structure and an example of a unidirectional, 

7 
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channelized downlink transport, one ring scenario based on having one DAU 

and four DRUs. 

[0021] Figure 2 is a block diagram in accordance with an embodiment of the 

invention showing the basic structure and an example of a unidirectional, 

channelized uplink transport, one ring scenario based on having one DAU 

and four DRUs. 

[0022] Figure 3 is a block diagram in accordance with an embodiment of the 

invention showing the basic structure and an example of a unidirectional, 

channelized uplink transport, two ring scenario based on having one DAU 

and eight DRUs. 

[0023] Figure 4 is a block diagram in accordance with an embodiment of the 

invention showing the basic structure and an example of a unidirectional 

channelized uplink or downlink transport. This example of a five ring scenario 

comprises two DAUs and twenty DRUs. 

15 [0024] Figure 5 illustrates an embodiment of a cellular network system 

employing multiple DRUs according to the present invention. 

[0025] Figure 6 illustrates an embodiment of a multi-band system employing 

six different services operating in different frequency channels with multiple 

DRUs according to the present invention. 

20 [0026] Figure 7 illustrates in block diagram form the interaction between the 

DAU embedded software control module and the DRU embedded software 

control module. 

[0027] Figure 8 illustrates in block diagram form an embodiment of a DAS 

according to an aspect of the invention, including daisy-chained DAU's. 

8 
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DETAILED DESCRIPTION OF THE INVENTION 

(0028] The present invention is a novel Reconfigurable Distributed Antenna 

System that provides a high degree of flexibility to manage, control, re­

configure, enhance and facilitate the radio resource efficiency, usage and 

overall performance of the distributed wireless network. Figure 1 illustrates 

an embodiment of the Distributed Antenna System 100 in accordance with 

the present invention. The system employs a Digital Access Unit 

10 functionality 105 (hereinafter "DAU"). The DAU 105 serves as an interface 

15 

20 

25 

between associated base stations (BTS) 110A-B and a plurality of digital 

remote units (DRU) 125A-n, although only four DRU's are shown in Figure 1. 

In the present description, "DRU" will be used interchangeably with Remote 

Radio Head Unit, or "RRU", because of the similarity of the functions 

discussed herein, although those skilled in the art will recognize that a DRU 

communicates with a DAU, whereas an RRU communicates with a base 

station. In addition, those skilled in the art will recognize that a DAU is 

monitored and controlled by a remote network operations center ("NOC"), as 

indicated at bidirectional link 115 in Figure 1. Such links are typically 

Ethernet connections or external modems, but can be any form of link 

suitable for remote monitoring and control. The NOC has the capability to 

remotely configure the DAU parameter settings which in turn configures the 

DRU's parameter settings. The NOC can request information from the DAUs. 

The DAUs can subsequently request information from the DRUs. The 

information requested includes but is not limited to uplink power, downlink 

power, optical error rate, gain settings, active carriers, etc. 

9 
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[0029) For the downlink (DL) path, RF input signals 120A through 120n are 

received at the DAU 105 from one or more base station units (BTS) indicated 

at 11 QA through 11 Op. The RF input signals are separately down-converted, 

digitized, and converted to baseband (using a Digital Down-Converter) by the 

DAU. Data streams are then 1/Q mapped and framed and specific parallel 

data streams are then independently serialized and translated to optical 

signals using pluggable SFP modules, again by the DAU 105. The 

independently serialized, parallel data streams are then delivered to different 

DRU's 125A-125k, typically over optical fiber cable arranged, in at least 

some embodiments, in a ring configuration indicated at connection pairs 

140A-145A, or, in other embodiments, a daisy chain configuration. In 

addition, each DAU can support a plurality of rings with associated DRU's, 

where the additional rings are indicated by fiber optic pairs up through 1400-

1450 .. It will be appreciated by those skilled in the art that the number of RF 

inputs, DAU's and DRU's and rings is limited only by network performance 

factors, such as delay. In addition, as discussed in connection with Figure 4 

herein, the DAS can be further extended by using a ring or daisy-chain of 

DAU's, each of which supports an arrangement of DRU's and rings as shown 

in Figure 1. 

20 [0030) One function of the DAU 105 is to determine the direction in which 

25 

downlinked channels are propagated around the ring. As just one example, 

the embodiment shown in Figure 1 is configured to have downlink channels 

A, B, C and D propagate in a first direction, for example clockwise, and 

channels E, F, G, and H propagate in the counter direction, although it will be 

understood that the number of channels propagating in each direction need 

not be equal, nor adjacent, nor sequential. Likewise, the number of channels 

10 



5 

10 

15 

WO 2012/024349 PCT/US2011/048004 

received at each DRU is assigned by the DAU and need not be equal, 

adjacent or sequential, but instead will typically be any configuration that 

optimizes network utilization. 

(0031] Referring next to Figure 2, an embodiment of an uplink (UL) path in 

accordance with the invention can be better appreciated. Channels received 

at the antenna associated with each DRU are converted into optical signals 

by each DRU 125A-125k. Optical signals received from the DRU's are de­

serialized and de-framed by the DAU 105, and are also up-converted digitally 

using a Digital Up-Converter implemented within the DAU 105. Each data 

stream is then independently converted to the analog domain and up­

converted to the appropriate RF frequency band, still within the DAU 105 in 

the illustrated implementation, although this functionality can be separate. 

The RF signals are then delivered to the appropriate one of a plurality of BTS' 

11 0A-11 Op. As with the arrangement shown in Figure 1, the direction of 

propagation of each channel is controlled by the DAU, with some channels 

propagating in a clockwise direction and others in a counterclockwise 

direction. Also as discussed in connection with Figure 1, while adjacent 

channels are shown as propagating in the same direction in Figure 2, this is 

not required and any channel can be selected to propagate in either direction. 

20 (0032] Referring again to Figure 1, it will be appreciated by those skilled in 

25 

the art that, in some implementations of a DAS, more than one carrier can 

exist in each channel, and, as such, a DRU may receive a channel 

comprising a signal containing two or more carriers, or a wireless operator 

may have more than one RF carrier per channel allocated to a single base 

station. This is referred to as a "composite signal". The manner in which a 

composite downlink signal is managed by the present invention can be better 

11 



5 

WO 2012/024349 PCT/US2011/048004 

understood with reference to Figure 1 . In such instances, the DAU will 

receive a composite downlink input signal 130 from, e.g., a first base station 

11 0A belonging to one wireless operator, enters the DAU 105 at the RF input 

port 120A. Composite signal 130 comprises carriers A-D. A second 

composite downlink input signal from e.g., a pth base station 11 Op belonging 

to the same wireless operator enters DAU1 at the DAU1 RF input port 120n. 

Composite signal 135 comprises carriers E-H. The functionality of the DAU 

105, and DRU's 125A-125k, respectively, are explained in detail in U.S. 

Provisional Application S.N. 61/374,593, entitled "Neutral Host Architecture 

10 for a Distributed Antenna System," filed August 17, 2010, incorporated herein 

15 

20 

25 

by reference and attached hereto as Appendix B. 

[0033] One optical output of DAU 105 is fed to DRU 125A, via bidirectional 

optical cable 140A. A second optical output of DAU 1 05 is fed via 

bidirectional optical cable 145A to DRU3. Similarly, bidirectional optical 

cables 150, 155 and 160 connect DRU's 125A-n in a ring configuration, such 

that DRU 125A connects to DRU 125B via cable 150A, DRU 125B connects 

to DRU 125n via cable 150B, and DRU 125k connects to DRU 125C, or the 

kth-1 DRU, via cable 150m. This connection facilitates networking of DAU 

105, which means that all of Carriers A-H are available within DAU 105 to 

transport data to DRU's 125A-k depending on software settings within the 

networked DAU system. Depending upon the embodiment, the software 

settings within DRU 125A are configured either manually or automatically, 

such that carriers A-Hare present in the downlink output signal 155A at the 

antenna port of DRU 125A. The presence of all eight carriers means that 

DRU 125A is potentially able to access the full capacity of both base stations 

feeding DAU 105. A possible application for DRU125A is a cafeteria in an 
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enterprise building during the lunch hour where a large number of wireless 

subscribers are gathered. 

[0034] DRU 125B is fed by a second optical port of DRU 125A via 

bidirectional optical cable 150A. The optical cable 150A performs the 

function of daisy chaining DRU 125A with DRU 125B. As with DRU 125A, the 

software settings within DRU 125B are configured either manually or 

automatically such that Carriers A, C, D and Fare present in downlink output 

signal 155B at the antenna port of DRU 125B. The capacity of DRU 125B is 

set to a much lower value than DRU 125A by virtue of its specific channel 

settings as controlled by DAU 105. The individual Digital Remote Units have 

integrated frequency selective DUCs and DDCs with gain control for each 

carrier. The DAU's can remotely turn on and off the individual carriers via the 

gain control parameters. 

[0035] In a similar manner as described previously for DRU 125A, the 

software settings within DRU 125C are configured either manually or 

automatically such that Carriers Band Fare present in downlink output 

signal 155C at the antenna port of DRU 125C. Compared to the downlink 

signal 155B at the antenna port of DRU 125B, the capacity of DRU 125C, 

which is also configured via its software settings, is much less than the 

capacity of DRU 125B. DRU 125n is fed by the optical cable 150m 

connected to the second optical port of the nth-1 DRU, shown for simplicity in 

Figure 1 as DRU 125C. The software settings within DRU 125n are 

configured either manually or automatically such that carriers A, D, E and H 

are present in downlink output signal 155D at the antenna port of DRU 125n. 

Typically, the capacity of DRU 125n is set to a much lower value than DRU 

125A, however, the relative capacity settings of each of DRU's 125A-n can 
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be adjusted dynamically to meet the capacity needs within the coverage 

zones determined by the physical positions of antennas connected to those 

DRU's. As noted above, the ring connection is completed by interconnecting 

DRU 125B and DRU 125n through optical cable 150B. The ring configuration 

insures that any optical cable breaks will not shut down the daisy chained 

network. The downlink and uplink signals will be rerouted around the cable 

break to the respective DRUs. 

(0036] The present invention facilitates conversion and transport of several 

discrete relatively narrow RF bandwidths. This approach allows conversion 

of only those multiple specific relatively narrow bandwidths which carry useful 

or specific information. This approach also allows more efficient use of the 

available optical fiber transport bandwidth for neutral host applications, and 

allows transport of more individual operators' band segments over the optical 

fiber. As disclosed in U.S. Provisional Application S.N. 61/374593, entitled 

"Neutral Host Architecture for a Distributed Antenna System," filed August 17, 

2010 together with U.S. Provisional Application S.N. 61/382,836, entitled 

"Remotely Reconfigurable Distributed Antenna System and Methods", filed 

September 14, 2010, both assigned to the assignee of the present invention, 

and also referring to Figure 1 of the instant patent application, Digital Up 

Converters located within the DRU can be dynamically reconfigured as the 

result of commands from the NOC to transport from the DAU input to any 

specific DRU output any specific narrow frequency band or bands, RF 

carriers or RF channels which are available at the respective RF input port of 

either DAU. This capability is illustrated in Figure 1 where only specific 

frequency bands or RF carriers appear at the output of a given DRU. More 

specifically, through commands received from the NOC, the FPGA's in the 
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DAU and one or more of the associated DRU's can be reprogrammed or 

reconfigured to convert and transport only the desired narrow bandwidths. 

[0037] A related capability of the present invention is that not only can the 

Digital Up Converters located within each DRU be configured to transport 

any specific narrow frequency band from the DAU input to any specific DRU 

output, but also the Digital Up Converters within each DRU can be 

configured to transport any specific time slot or time slots of each carrier from 

the DAU input to any specific DRU output. The carriers and time slots are 

monitored by the DAU by filtering the signals and performing power detection 

of the individual time slots, which information can be conveyed to the NOC 

as desired. Then, as with the Digital Up Converters, the Field Programmable 

Gate Arrays (FPGA) in the DAU or DRU can be dynamically reconfigured by 

commands received from the NOC in a manner analogous to software 

programmability. The DAU detects which carriers and corresponding time 

slots are active. This information is relayed to the individual DRUs via the 

management control and monitoring protocol software. This information is 

then used, as appropriate, by the DRUs for turning off and on individual 

carriers and their corresponding time slots. 

[0038] Data transport between the Base Station and the subscribers is 

20 typically asymmetrical, whereby the downlink data rate is higher than the 

25 

uplink rate. The ring network configuration of Daisy Chained DRUs can 

exploit this data rate asymmetry to maximize the data transport on the optical 

fibers 150A-150m. 

[0039] The present invention balances the bidirectional data rate on the 

optical fibers so as to increase the maximum achievable data rate on the ring 

network of DRUs. The individual downlink channels are transmitted in a 
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unidirectional sense along the ring network. Referring to Figure 1, downlink 

channels A, B, C, and Dare transmitted in a clockwise sense around the ring 

of DRU's 125A-k. On the other hand, downlink channels E, F, G and Hare 

transmitted in a counterclockwise sense around the ring of DRU's. Referring 

to Figure 2, the uplink channels J, K, Land M are transmitted in a 

counterclockwise sense whereas uplink channels N, 0, P and Qare 

transmitted in a clockwise sense around the ring of DRUs. If the downlink 

and uplink data rates were the same, there would be no advantage in the 

transport mechanism. However, if the data transport is asymmetrical 

between the downlink and uplink then a significant advantage can be gained. 

For example, for a factor of two difference between the downlink and uplink 

data rates, a 4/3 factor increase in data transport can be achieved. The 

larger the asymmetry between the downlink and uplink data rates, the larger 

will be the increase in data transport using the unidirectional channel 

transport mechanism around the ring. 

[0040] Referring again to Figure 1, a further embodiment in accordance with 

another aspect of the present invention may be better understood. In the 

event that there is a significant change in asymmetry between the downlink 

and uplink data rates and/or if there is a change in channel complement at 

the BTS, the Management Control module [discussed in connection with 

Figure 7 herein] which is typically comprised within each DAU is able to 

automatically and adaptively re-allocate data transport resources on the 

clockwise direction of the ring and on the counter-clockwise direction of the 

ring to maximize the overall transport capacity. As stated previously, the 

larger the degree of asymmetry between uplink and downlink data rates for a 

particular DAU, the higher the increase in data transport using the 
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unidirectional channel transport mechanism around the ring. If there is more 

than one DAU present, in an embodiment one DAU is designated a Master 

DAU by the NOC, and the Management Control module located in the 

Master DAU makes decisions to optimize the overall transport capacity. In 

the event the master DAU fails, the NOC can designate another DAU as 

master. Alternatively, any suitable failover algorithm can be implemented. 

[0041] Referring to Figure 3, an alternative embodiment of the present 

invention wherein a single DAU controls a plurality of rings, each comprising 

a plurality of daisy-chained DRU's, can be better understood. In Figure 3, 

two daisy-chained rings, indicated at 300 and 305, are shown although the 

number of rings could be greater and is determined mainly as a matter of 

design preference up to limits imposed by network performance. The rings 

each link a plurality of DRU's 31 0A-n and 315A-m, to a single DAU 320. 

The directional flow of the data transport is shown as the dashed I ines 325 

and dotted lines 330. The downlink channels available from the plurality of 

DRU's are divided into two subsets which flow in opposite directions around 

the two daisy-chained rings. The uplink channels are transported in a similar 

fashion. The channels are grouped into the two subsets so as to maximize 

the data transport to and from the DRUs. The DAU in turn communicates 

with one or more BTS's via RF Ports 335A-p. 

[0042] Heuristic algorithms may be used to allocate RF channel data in a 

Dual-ring DAS. For Figure 3, there are two fibre rings R1, R2 (clockwise and 

counter clockwise) and a set T of n~2 independent RF channels Ki, 1 ~i~n 

(including uplink and downlink). A channel Ki requires a bandwidth of b(Ki) to 

transport on a fibre ring. A time-bounded algorithm exists which obtains a 

schedule having the optimal bandwidth allocation (i.e. the maximum 
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aggregate bandwidth of each ring is as small as possible). A large number of 

advanced heuristic algorithms have been developed to solve such 

scheduling optimization problems. Some examples are genetic algorithm, 

evolutionary algorithm, greedy search, Tabu search, harmony search, 

simulated annealing, ant colony optimization, etc. For purposes of simplicity 

and clarity, a simple heuristic algorithm for two rings is described here, 

although the number of rings is not limited to two. 

(0043] The algorithm begins by sorting the channels Ki decreasingly by 

bandwidth b(Ki). Then it schedules the channel in such a way that each 

channel is assigned to the ring which has the smaller aggregate bandwidth. 

The formal description of the algorithm follows. 

(0044] Input: T = set of n independent channels Ki with required bandwidth 

b(Ki), 1::;; i ::;;n. 

(0045] Output: L1, L2 and D1, D2. Lj is the set of channels schedule on ring 

15 Rj, and D1 is the maximum aggregate bandwidth of ring Rj, Dj = (Lb(J), 

Jel1), 1 :=,;j::;;2 . 

(0046] ALGORITHM (T, L, D) 

(0047] Step 1 (initialize Ki and D1, D2) Sort Ki such that b(Ki)::;; b(Ki+1 ), 1::;; i 

::;;n-1. D1 +- 0, D2 +- 0 . 

20 (0048] Step 2 (Schedule a channel) 

(0049] For i =1 ton, step 1 do 

(0050] If D1 ::;; D2, then [ assign Ki onto L1, D1 +- D1 + b(Ki)] . 

(0051] else [ assign Ki onto L2, D2 +- D2 + b(Ki)] . 
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[0052) Referring next to Figure 4, a still further an alternative embodiment of 

the present invention may be understood. The arrangement illustrated in 

Figure 1 comprised downlink signals from two separate base stations 

belonging to the same wireless operator entering the DAU 105 at input ports 

11 OA and 11 Op, respectively. In the embodiment of Figure 4, a first 

composite signal enters a first DAU 400 at that DAU's RF input port from a 

base station 405, and a second composite downlink input signal from, e.g., a 

second base station 410 belonging to a different wireless operator enters 

DAU 415 at that second DAU's RF input port. DAU 400 directly supports two 

rings 420 and 425, DAU 415 directly supports two rings 430 and 435, and a 

ring 440 is shared between DAU 400 and DAU 405. Each of the rings 

comprises daisy-chained DRU's generally indicated at 445 and connected 

via, for example, fiber optic links, as discussed in connection with Figure 1. It 

will be noted that channels A are transported in the opposite sense as 

channels B. The downlink channels in subset A are transported 

counterclockwise around each ring, whereas the channels in subset B are 

transported in a clockwise sense around each ring. In this embodiment, 

signals belonging to both the first operator and the second operator are 

converted and transported to the DRU's 445 on ring 440 because DAU 400 

and DAU 405 are daisy-chained through the fiber optic cable 440. This 

embodiment provides an example of a neutral host wireless system, where 

multiple wireless operators share a common infrastructure comprised of DAU 

400, DAU 415, and DRU's 445. All the previously mentioned features and 

advantages accrue to each of the two wireless operators. It will further be 

appreciated that, while Figure 4 illustrates only two DAU's linked in daisy­

chain style, it is possible to daisy chain a larger plurality of DAU's, and the 
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daisy-chained DAU's can also be configured in a ring configuration similar to 

the manner in which the DRU's are connected. This arranged is illustrated in 

Figure 8, below. 

(0053] As disclosed in U.S. Provisional Application S.N. 61/374,593, entitled 

5 "Neutral Host Architecture for a Distributed Antenna System," filed August 17, 

2010 and again referring to Figure 1 of the instant patent application, the 

Digital Up Converters present in the DRU's of the present invention can be 

programmed to process various signal formats and modulation types 

including FDMA, CDMA, TOMA, OFDMA and others. Also, the Digital Up 

10 

15 

Converters present in the respective DRUs can be programmed to operate 

with signals to be transmitted within various frequency bands subject to the 

capabilities and limitations of the system architecture disclosed in U.S. 

Provisional Application S.N. 61/374593, mentioned above. In one 

embodiment of the present invention where a wideband CDMA signal is 

present within, e.g., the bandwidth corresponding to a first carrier at the input 

port to DAU 105, the transmitted signal at the antenna ports of DRU 125A, 

DRU 125B and DRUk will be a wideband CDMA signal which is virtually 

identical to the signal present within the bandwidth corresponding to that first 

carrier at the input port to DAU 105. 

20 (0054] As disclosed in U.S. Provisional Application S.N. 61/374,593, again 

25 

identified above, and also referring to Figure 1 of the instant patent 

application, it is to be understood that the Digital Up Converters present in 

the respective DRUs can be programmed to transmit any desired composite 

signal format to each of the respective DRU antenna ports. As an example, 

the Digital Up Converters present in DRU 125A and DRU 125B can be 

dynamically software-reconfigured as described previously so that the signal 
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present at the antenna port of DRU 125A would correspond to the spectral 

profile shown in Figure 1 as 155A and also that the signal present at the 

antenna port of DRU 125B would correspond to the spectral profile shown in 

Figure 1 as 155B. The application for such a dynamic re-arrangement of 

DRU capacity would be e.g., if a company meeting were suddenly convened 

in the area of the enterprise corresponding to the coverage area of DRU 

125B. 

(0055] Referring again to Figure 2, another embodiment of the Distributed 

Antenna System of the present invention can be better understood. As 

10 disclosed in the aforementioned U.S. Provisional Application S.N. 61/374,593, 

15 

20 

25 

and also as shown in Figure 2, the optical ring transport mechanism can be 

implemented with regard to uplink signals. As discussed previously with 

regard to downlink signals and by referring to Figure 1, the uplink system 

shown in Figure 2 is mainly comprised of DAU 105, together with DRU's 

125A-125k. In a manner similar to the downlink operation explained by 

referring to Figure 1, the operation of the uplink system shown in Figure 2 

can be understood as follows. 

(0056] The Digital Down Converters present in each of DRU's 125A-k are 

dynamically software-configured as described previously so that uplink 

signals of the appropriate desired signal format(s) present at the receive 

antenna ports of the respective DRU's 125A-125k are selected based on the 

desired uplink band(s) to be processed and filtered, converted and 

transported to the appropriate uplink output port of DAU 105. The DAU and 

DRUs frame the individual data packets corresponding to their respective 

radio signature using the Common Public Interface Standard (CPRI). Other 

Interface standards are applicable provided they uniquely identify data 

21 



WO 2012/024349 PCT/US2011/048004 

packets with respective DRUs. Header information is transmitted along with 

the data packet which indentifies the DRU and DAU that corresponds to the 

individual data packet. 

(0057] In one example for the embodiment shown in Figure 2, DRU's 125A 

5 and 125C are configured to receive uplink signals within the Channel K 

bandwidth, whereas DRU 125B and DRU 125n are both configured to reject 

uplink signals within the Channel K bandwidth. When DRU 125C receives a 

strong enough signal at its receive antenna port within the Channel K 

bandwidth to be properly filtered and processed, the Digital Down Converters 

10 

15 

20 

25 

within DRU 125C facilitate processing and conversion. Similarly, when DRU 

125A receives a strong enough signal at its receive antenna port within the 

Channel K bandwidth to be properly filtered and processed, the Digital Down 

Converters with in DRU 125A facilitate processing and conversion. The 

signals from DRU 125A and DRU 125C are combined based on the active 

signal combining algorithm, and are fed to the base station connected to the 

uplink output port of DAU 105. The term simulcast is frequently used to 

describe the operation of DRU125A and DRU 125C with regard to uplink and 

downlink signals within Channel K bandwidth. The term Flexible Simulcast 

refers to the fact that the present invention supports dynamic and/or manual 

rearrangement of which specific DRU are involved in the signal combining 

process for each Channel bandwidth. 

(0058] Referring still to Figure 2, the Digital Down Converters present in DRU 

125A are configured to receive and process signals within Channel J-Q 

bandwidths. The Digital Down Converters present in DRU 125B are 

configured to receive and process signals within Channel J, L, M and 0 

bandwidths. The Digital Down Converters present in DRU 125C are 
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configured to receive and process signals within Channel Kand 0 

bandwidths. The Digital Down Converters present in DRU 125n are 

configured to receive and process signals within Channel J, M, N and Q 

bandwidths. The respective high-speed digital signals resulting from 

processing performed within each of the four DRU are routed to the DAU. As 

described previously, the uplink signals from the four DRUs are combined 

within the respective DAU corresponding to each base station. 

(0059] In summary, the Reconfigurable Distributed Antenna System of the 

present invention described herein efficiently conserves resources and 

reduces costs. The reconfigurable system is adaptive or manually field­

programmable, since the algorithms can be adjusted like software in the 

digital processor at any time. 

(0060] Referring next to Figure 5, a alternative embodiment of the present 

invention may be better understood. Each DRU has a coverage radius that 

can be adjusted based on the power transmission from that particular remote 

unit. The DAU controls the various DRU's transmission power and can 

optimize the overall coverage zone. In the illustrated embodiment, DAU 502, 

again under the control of a NOC (not shown), is associated with a base 

station 501 and in turn interfaces with three DRU's 503, 504 and 505. A user 

506 with a mobile device is provided relatively uniform coverage throughout 

the area covered by the three DRU's. 

(0061] Referring next to Figure 6, a still further alternative embodiment may 

be better appreciated. The input frequency bands 605-630 (here denoted as 

six frequency bands at 700, 800, 850, 1900, 2100 and 2600 MHz) are input 

into the DAU 600 from the BTS's (not shown). The DAU includes, among 

other functionalities discussed herein, an RF IN portion for each band, and a 
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digital distribution matrix for distributing the frequency bands to a plurality of 

DRU's, indicated as DRU1-DRU60, daisy-chained along three separate rings 

635, 640 and 645 for achieving the desired coverage. The frequency bands 

are transported to either all or a subset of DRUs. The particular number of 

frequency bands, DAU's, DRU's and rings is exemplary only, and can, in 

practice, be any number appropriate to the performance capabilities and 

needs of the network. 

(0062] Referring next to Figure 7, the software embedded in the DAU and 

DRU, which controls the operation of keys functions of these devices, can be 

better understood. In particular, the DAU embedded software control module 

700 comprises a DAU Management Control Module 705 and a DAU 

monitoring module 710. The DAU Management Control Module 705 

communicates with the NOC 715, and also the DAU monitoring module 710. 

One such key function is determining and/or setting the appropriate amount 

of radio resources (such as RF carriers, CDMA codes or TOMA time slots) 

assigned to a particular DRU or group of DRUs to meet desired capacity and 

throughput objectives. As noted previously, the NOC 715 monitors the DAS 

operation and sends commands to the DAU's for configuring various 

functions of the DRU's as well as the DAU, in at least some embodiments. 

20 (0063] The DAU Monitoring module, in addition to other functions, detects 

25 

which carriers and corresponding time slots are active for each DRU. The 

DAU Management Control module communicates with the DRU Embedded 

Software Control module 720 over a fiber optic link control channel via a 

control protocol. In an embodiment, the control protocol comprises headers 

together with packets of data, such that both control information and data are 

transmitted to the DRU's together as a message. DRU functions or features 
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that the header would control in the DRU are typically implementation 

specific and can include, among other things, measuring uplink and downlink 

power, measuring gain of uplink and downlink, and monitoring alarms in the 

DRU. 

5 [0064] In turn, the DRU Management Control module 725 within the DRU 

10 

15 

Embedded Software Control Module sets the individual parameters of all the 

DRU Digital Up-Converters 730 to enable or disable specific radio resources 

from being transmitted by a particular DRU or group of DRUs, and also sets 

the individual parameters of all the DRU Digital Down-Converters 735 to 

enable or disable specific radio resources from being transmitted by a 

particular DRU or group of DRUs. In addition, the DRU Embedded Software 

Control Module comprises a DRU Pilot Beacon Control Module 740, which 

communicates with a DRU Pilot Beacon 745. 

[0065] Referring next to Figure 8, an embodiment of a daisy-chained 

configuration of DAU's is illustrated, together with a daisy-chained 

configuration of DRU's. In an embodiment, a plurality of base stations 800A-

800n are each associated with one of DAU's 805A-n. The DAU's are daisy­

chained, and each DAU communicates with one or more daisy-chains 81 0A-

810m of DRU's which may or may not be arranged in a ring configuration. It 

20 will be appreciated that the DAU's can also be configured in a ring 

25 

configuration, as discussed above. 

[0066] An algorithm operating within the DAU Monitoring module which 

detects which carriers and corresponding time slots for each carrier are 

active for each DRU provides information to the DAU Management Control 

module to help identify when, e.g., a particular downlink carrier is loaded by a 

percentage greater than a predetermined threshold whose value is 
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communicated to the DAU Management Control module by the DAU's 

Remote Monitoring and Control function 715. If that occurs, the DAU 

Management Control module can adaptively modify the system configuration 

to begin to deploy, typically although not necessarily slowly, additional radio 

resources (such as RF carriers, CDMA codes or TOMA time slots) for use by 

a particular DRU which need those radio resources within its coverage area. 

At the same time, usually the DAU Management Control module adaptively 

modifies the system configuration to begin to remove, again typically slowly, 

certain radio resources (such as RF carriers, CDMA codes or TOMA time 

slots) for use by a particular DRU where that DRU no longer needs those 

radio resources within its coverage area. 

[0067] Although the present invention has been described with reference to 

the preferred embodiments, it will be understood that the invention is not 

limited to the details described thereof. Various substitutions and 

modifications have been suggested in the foregoing description, and others 

will occur to those of ordinary skill in the art. Therefore, all such substitutions 

and modifications are intended to be embraced within the scope of the 

invention as defined in the appended claims. 
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What is Claimed is: 

1. A method for routing and switching operator RF signals comprising 

providing one or more remote radio units, each configured to receive one or 

5 more downlink radio frequencies and to transmit one or more uplink radio 

frequencies, 

providing at least one digital access unit configured to communicate with at 

least some remote radio units, 

linking in a loop configuration the one or more remote radio units and the at 

10 least one digital access unit whereby each remote radio unit can be accessed in 

either direction around the loop, and 

15 

routing and switching packetized signals among the one or more radio units 

and the at least one digital access units. 
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OPTIJVHZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA 

SYSTE1\/I 

CROSS-REFERENCES TO RELATED APPLTCA TIONS 

5 [0001] This application claims prio1ity to U.S. Provisional Patent Application No. 

61/678,016, filed on July 31, 2012, entitled "Optimization of Traffic Load in a Distributed 

Antenna System," the disclosure of which is hereby incorporated by reference in its entirety 

for aU pm1Joses. 

SUMJv1A1lY OF THE INVENTION 

[0002] The present invention generally relates to wireless communication systems 

employing Distributed Antenna Sys terns (DAS} as part of a distributed vvireless network 

More specifically, the present invention relates to a DAS utilizing traffic monitoring and 

optimization. Wireless network operators faces the continuing challenge of building 

15 networks that effectively manage high data-traffic gw"vth rates. Mobility and an increased 

level of multimedia content for end users typically employs end-to-end network adaptations 

that support new services and the increased demand for broadband and flat-rate Internet 

access. One of the most difficult challenges faced by network operators is caused by the 

physical movement of subscribers from one location to another, and particularly vvhen 

20 wireless subscribers congregate in large numbers at one location. A notable example is a 

business enterprise facitity during lunchtime, when a large number of wireless subscribers 

visit a lunch room or cafeteria location in the building. At that time, a large number of 

subscribers have moved away from their offices and usual v,·ork areas. ffs likely that during 

lunchtime, there are many locations throughout the facility where there are very few 

25 subscribers. If ihe indoor wireless network resources were properly sized during the design 

process for subscriber loading as it is during normal working hours vvhen subscribers are in 

their normal work areas, it is very likely that the lunchtime scenario \vill present some 

unexpected challenges with regard to available wireless capacity and data throughput. 

!0003! According to an embodiment of the present invention, a system for dynamically 

30 routing signals in a Distributed Antenna System is provided. The system includes a plurality 

of Digital Access Units (DATJs). The plurality of DA Us are coupled and operable to route 

signals between the plurality of DA Us. The system also includes a plurality of Digital 
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Remote Units (DRUs) coupled to the plurality of DAUs and operable to transport signals 

bet\1veen DR Us and DA Us. The systern fmiher includes one or rnore Base Transceiver 

Stations (BTSs) and one or more traffic monitoring units. 

[0004] According to another embodiment of the present invention, a system for 

5 dynamically routing signals in a Distributed Antenna System is provided. The system 

includes a plurality of Digital Access Units (DAUs). The plurality ofDAUs are coupled and 

operable to route signals between the plurality of DAUs. The system also includes a plurality 

of Digital Remote Units (DRUs) coupled to the plurality of DAUs and operable to transport 

signals between DRUs and DAUs and a plurality of Base Transceiver Stations (BTS). The 

10 system further includes a plurality of traffic rnonitoring modules and a netvvork optirnization 

goal and optimization algorithm. 

10005] In an embodiment, a system for dynamically routing signals in a Distributed 

Antenna System is provided and includes a plurality of Digital Access Units (DAUs). The 

plurality of DA Us are coupled and operable to route signals between the plurality of DA Us. 

15 The system also includes a plurality of Digital Remote lJnits (DRUs) coupled to the plurality 

of DAUs and operable to transport signals between DRUs and DAUs and one or more Base 

Transceiver Stations (BTSs). The system further includes a traffic rnonitoring unit. 

[0006] Numerous benefits are achieved by ',vay of the present invention over conventional 

techniques. For example, embodiments of the present invention provide for traffic 

20 monitoring in a DAS network, improving net\vork performance and user experience. These 

and other embodiments of the invention along with many of its advantages and features are 

described in more detai1 in conjunction with the text below and attached figures. 

BRIEF DESCRIPTION OF THE DRi\ \VlNGS 

25 [0007] FIG. l ls a block diagram according to one embodiment of the invention shmving 

the basic structure and an example of the transport routing, traffic monitoring and network 

optimization based on having a single 3 sector BTS with 3 DAUs and 7 DRUs daisy chained 

together for each cell. 

10008] FIG. 2 is a block diagram according to one embodiment of the invention showing 

30 the basic structure for a frequency reuse pattern ofN=1 and an example of the transport 

routing, traffic monitoring and network optimizat1on based on having a single 3 sector BTS 

with 3 DAUs and 7 DRUs daisy chained together for each cell. 

2 
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[0009] FlG. 3 is a block diagram according to one embodiment of the invention showing 

the basic structure and an example of the transport routing, traffic monitoring and network 

optimization based on having multiple 3 sector BTSs with 3 DA Us and 7 DRUs daisy 

chained together for each cell. ln this embodiment, multiple three sector base stations are 

5 connected to a daisy chained DAS network. 

10010] FIG. 4 is a block diagram of a Digital Access Unit (DAU), which contains Physical 

Nodes, a Local Router, and Port Traffic Monitoring capability according to an embodiment 

of the present invention. 

[OOH] FlG. 5 is a block diagram of a Digital Remote Unit (DRU), \vhich contains Physical 

10 Nodes, a Remote Router, and Port Traffic IVlonitoring capability according to an 

embodiment of fhe present invention. 

[0012] FIG. 6 depicts a typical topology where multiple Local Routers are interconnected 

\Vith multiple Remote Routers along with Traffic monitoring and Network Optimization 

functionality according to an embodiment of the present invention. 

15 [0013] FIG. 7 depicts a typical topology where multiple Local Routers are interconnected 

with multiple Remote Routers along with Traffic monitoring at each Picoceil and Netv.rork 

Optimization functionality according to an embodiment of the present invention. 

[0014] FIG. 8 depicts a typical topology where multiple Local Routers are interconnected 

with multiple Remote Routers along with Traffic monitoring at each Picocell and Netvvork 

20 Optimization functionality according to an embodiment of the present invention, 

[0015] FIG. 9 is a simplified flowchart illustrating a method of optimizing the DAS 

network according to an embodiment of the present invention. 

10016] FIG. 10 is a simplified flowchari illustrating a method of calculating KPis and QoS 

frx a DAS network according to an embodiment of the present invention. 

25 [0017] FIG. ] ] is a simplified flowchart illustrating an optimization algorithm according to 

an embodiment of the present invention . 

DETAILED DESCRIPTION OF THE lNVENTlON 

[0018] To accommodate variations in wireless subscriber loading at wireless network 

30 antenna locations at various times of day and for different days of the week, there are several 

candidate conventional approaches. 

3 
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[0019] One approach is to deploy many low-power high-capacity base stations throughout 

the facility. The quantity of base stations is detennined based on the coverage of each base 

station and the totai space to be covered. Each of these base stations is provisioned with 

enough radio resources, i.e., capacity and broadband data throughput to accommodate the 

5 maximum subscriber loading which occurs during the course of the workday and work week. 

Although this approach typicaHy yields a high quality of service for wireless subscribers, the 

notabie disadvantage of this approach is that many of the base stations' capacity is being 

wasted for a large part of the time. Since a typical indoor wireless network deployment 

involves capital and operational costs which are assessed on a per-subscriber basis for each 

10 base station, the typicaHy high total life cyde cost for a given enterprise facility is far from 

optimal. 

!0020] A second candidate approach involves deployment of a DAS along \>v'ith a 

centralized group of base stations dedicated to the DAS. A conventional DAS deployment 

falls into one of t\-VO categories. The first type of DAS is "fixed", where the system 

15 configuration doesn't change based on time of day or other information about usage. The 

remote units associated with the DAS are set up during the design process so that a particular 

block of base station radio resources is thought to be enough to serve each smail group of 

DAS remote units. A notable disadvantage of this approach is that most enterprises seem to 

undergo frequent re-arrangements and re--organizations of various staff groups within the 

20 enterprise. Therefore, it's highly likely that the initial DAS setup wiH need to be changed 

from time to time, requiring deployment of additional direct staff and contract resources \Vith 

appropriate levels of expertise regarding wireless networks. 

[0021] The second type of DAS is equipped with a type of network switch which allows 

the location and quantity of DAS remote units associated with any particular centralized base 

25 station to be changed rnanualiy. Although this approach vvould appear to suppmi dynamic 

DAS reconfiguration based on the needs of the enterprise or based on time of day, it 

frequently implies that additional staff resources would need to be assigned to provide real­

time management of the network Another issue is that it's not always correct or best to 

make the same DAS remote unit configuration changes back and forth on each day of the 

30 week at the same times of day. Frequently it is difficult or impractical for an ente1vrise IT 

manager to monitor the subscriber loading on each base station. And it is alrnost certain that 

the enterprise IT manager has no practical way to determine the loading at a given time of 

day for each DAS remote unit; they can only guess the percentage loading. 

4 
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[0022] Another major limitation of conventional DAS deployments is related to their 

instaflation, commissioning and optimization process. Some challenging issues which must 

be overcome include selecting remote unit antenna locations to ensure proper coverage while 

minimizing downlink interference from outdoor macro cell sites, minimizing uplink 

5 interference to outdoor macro cell sites, and ensuring proper intra-system handovers while 

indoors and \.Vhiie moving from outdoors to indoors (and vice-versa). The process of 

performing such deployment optimization is frequently characterized as trial-and-error. 

Therefore, the results may not be consistent \vith a high quality of service. 

[0023] Based on the conventional approaches described herein, it is apparent that a highly 

10 efficient, easiiy deployed and dynamicaily reconfigurable wireless net\vork is not achievable 

with conventiona1 systems and capabilities. Embodiments of the present invention 

substantially overcome the limitations of the conventional approach discussed above. The 

advanced system architecture provided by embodiments of the present invention provides a 

high degree of flexibility to nianage, control, enhance and facilitate radio resource efficiency, 

15 usage and overall performance of the distributed wireless network. This advanced system 

architecture enables specialized applications and enhancements including, but not limited to, 

flexible simulcast, automatic traffic load-balancing, netvvork and radio resource optirnization, 

netvvork calibration, autonomous/assisted commissioning, can-ier pooling, automatic 

frequency selection, radio frequency carrier placement, traffic monitoring, and/or traffic 

20 tagging. Embodiments of the present invention can also serve multiple operators, multi-mode 

radios (modulation-independent) and multiple frequency bands per operator to increase the 

efficiency and traffic capacity of the operators' wireless netvvorks. 

[0024] Accordingly, embodiments of this architecture provide a capability for Flexible 

Simulcast. With Flexible Simulcast, the amount of radio resources (such as RF carriers, LTE 

25 Resource Blocks, CDMA codes or TDMA time slots) assigned to a particular DRU or group 

of DRUs can be set via software control to meet desired capacity and throughput objectives 

or wireless subscriber needs. Applications of the present invention are suitable to be 

ernpioyed with distributed base stations, distributed antenna systems, distributed repeaters, 

mobile equipment and -..:vireless terminals, portable wireless devices, and other v,rireless 

30 communication systems such as microwave and satellite communications. 

[0025] According to an embodiment of the present invention, a traffic monitoring unit is 

provided as a component of one or n1ore elements of the system, enabiing measurement of 

the network traffic in the network A nenvork optimization goal and optimization algorithm 

is also provided so that based on traffic measurements, which is typically a function of the 

5 
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number ofm,ers on the system, performance of the nen:vork is optimized using the goal and 

assochted algorithm. 

[0026] As an example of traffic monitoring, the system could track the po\ver of the down 

link or the power of the upJink. Another example, would include some signal processing, 

5 including examining certain control signals, for example, pilot signals sent by mobile 

devices. By locking onto these control signals, the traffic monitor can obtain information on 

the number of users using various components of the system. 

[0027] A distributed antenna system (DAS) provides an efficient means of utilization of 

base station resources. The base station or base stations associated with a DAS can be 

10 located in a central location and/or facility commonly known as a base station hotel. The 

DAS neh,vork comprises one or more digital access units (DAUs) that function as the 

interface bet\veen the base stations and the digital remote units (DRUs). The DAUs can be 

collocated with the base stations. The DRDs can be daisy chained together ancVor placed in a 

star configuration and provide coverage for a given geographical area. The DR Us are 

15 ty1)ical1y connected with the DAUs by employing a high-speed optical fiber link. This 

approach facilitates transport of the RF signals from the base stations to a remote location or 

area served by the DRUs. A typical base station comprises 3 independent radio resources, 

comrnonly known as sectors. These 3 sectors are typically used to cover 3 separate 

geographical areas without creating co--channel interference between users in the 3 distinct 

20 sectors. 

I 00281 Traffic monitoring in a DAS network is provided by embodiments of the present 

invention, which has not been performed in conventional systerns. As described herein, the 

traffic monitoring unit can be implemented as a stand-alone unit in conjunction with one or 

more system components, including DA Us, DRUs, a BTS, a BTS hotel, or the like. 

25 [0029] Once traffic resources are aggregated into eNodeB hotels, the discrete resources of a 

single eNodeB are still aliocated to a specific set of antennas associated with that eNodeB 

and providing coverage to a specific geographic area. The traffic resources are fixed, i.e., 

only the resources associated with a specific eNodeB can be allocated to the antennas 

associated with that eNodeB. However, because the eNodeBs are collocated in an eNodeB 

30 hotel, the system can use the aggregated traffic resources of the discrete eNodeBs as a single, 

pooled traffic resource that can be allocated according to various algorithms. Assumptions 

are typically predicated on worst-case traffic assets in aH areas, network design is wasteful 99 

percent of the tirne, inevitably resulting in over- or under-provisioning of fixed resources. 

6 
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Traffic resources either go unused (idle channels), or are under-provisioned and are 

insufficient to handle the offered traffic. Both circumstances give rise to the same outcome: 

lost revenue and lost oppoii.unity. When a site's traffic resources are idle and unused, the 

traffic asset fails to provide an optimal return on investment. But a site that lacks sufficient 

5 capacity to support the offered traffic at any point during the day gamers dropped calls, lost 

revenue opportunity, and dissatisfied customers. The traffic information derived from an 

extensive sensor network wiH be used to dynamically allocate the traffic resources to the 

required geographical areas only for the time period the service is needed. Once the service is 

supplied and the traffic sensor network determines that the traffic resources are no longer 

10 required, they are returned to the resource pool for reallocation. 'The entire network 

automatically reconfigures itself based on the perceived ( sensed) need or in the event of 

disruption due to natural or manmade events. Geographic load balancing using DAS is 

recognized as a new approach fi)r traffic load balancing which provides dynamic load 

redistribution in real time according to the current geographic traffic conditions. It can be 

15 used to improve the performance for any distributed systems containing non-uniforn1ly 

distributed traffic, especially for resolving traffic hot spots. 

[0030] The network's perfonnance (expressed by the number of KPis (Key Perfr)rmance 

Indicators) from diffi.~rent parts of the network) determines the QoS values. Different 

operators may have different defined business goals and different services of interest. Based 

20 on these considerations, efficient and cost effective network performance management varies 

from operator to operator. Therefore, QoS metrics could be defined and mapped to a set of 

KPls. 

[0031] An embodiment shown in FIG. 1 illustrates a basic DAS network architecture 

according to an embodiment of the present invention and provides an example of a data 

25 transport network, traffic monitoring and network optimization scenario between a 3 sector 

Base Station and multiple DRUs. In this embodiment, the DRUs are daisy chained together 

to achieve coverage in a specific geographical area. Each individual sector covers an 

independent geographical area, vvhich is identified as a CeH. Although embodiments are 

discussed in terms of optimization of DAS networks, the term optimization is properiy 

30 understood to include performance improvements in comparison to conventional systems, 

even if complete optimization is not achieved. Thus, optimization does not require the 

maximum values for traffic management metrics, but also includes distribution of traffic that 

improves system performance while remaining short of maximum performance. 

7 
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[0032] FlG. l depicts a DAS system employing multiple Digital Remote Units (DRUs) and 

muhiple Digital Access 1.Jnits (DAUs). In accordance v,rith the present invention, each DRU 

provides unique information associated with each DRU \vhich uniquely identifies uplink data 

received by that particular Digital Remote Unit. 

5 10033] One feature of embodiments of the present invention is the ability to route Base 

Station radio resources among the DRlJs or group(s) ofDRUs. In order to route radio 

resources available from one or more Base Stations, it is desirable to configure the individual 

router tables of the DA Us and DR Us in the DAS net'vvork. This fimctionality is provided by 

embodiments of the present invention. 

10 [0034] The DA Us are networked together to facilitate the routing of DRU signals among 

multiple DA Us. The DA Us support the transport of the RF dmvnlink and RF uplink signals 

bet\veen the Base Station and the DRUs. This architecture enables the various Base Station 

signals to he transported to and from multiple DRUs. PEER ports are used for 

interconnecting DA Us and interconnecting DR Us. 

15 [0035] The DAUs have the capability to control the gain (in smaH increments over a wide 

range) of the dmvnlink and uplink signals that are transported between the DAU and the base 

station ( or base stations) connected to that DAU. This capability provides flexibility to 

simultaneously control the uplink and dovvnii:nk connectivity of the path bet'.veen a particular 

DRU (or a group of DRUs via the associated DAU or DAUs) and a particular base station 

20 sector. 

100361 Embodiments of the present invention use router tables to configw·e the networked 

DA Us. The local router tables establish the mapping of the inputs to the various outputs. 

Internal Merge blocks are utilized for the Downlink ·rabies when the inputs from an External 

Po1i and a PEER Port need to merge into the same data stream. Similarly, Merge blocks are 

25 used in the Uplink Tables when the inputs from the LAN Ports and PEER Ports need to 

merge into the same data stream. 

[0037] The remote router tables establish the mapping of the inputs to the various outputs. 

Internal Merge blocks are utilized for the Downlink Tables when the inputs from a LAN Port 

and a PEER Port need to merge into the same data stream. Similarly, Merge blocks are used 

30 in the Uplink Tables \vhen the inputs from the External Ports and PEER Ports need to merge 

into the same data stream. 

8 



WO 2014/022211 PCT/US2013/052206 

[0038] As shown in FIG. 1, the individual base station sector's radio resources are 

transported to a daisy-chained nehvork of DRUs. Each individual sector's radio resources 

provide coverage to an independent geographical area via the networked DRUs. FJG. 1 

demonstrates how three cells, each cell comprising an independent network of 7 DRUs, 

5 provide coverage to a given geographical area. A server is utilized to control the switching 

function provided in the DAS network Referring to FIG. 1 and by way of example, DAU 1 

002) receives dovvnlink signals from BTS Sector 1 (101). DAU 1 translates the RF signals 

to optical signals and the optical fiber cable 103 transports the desired signals to DRU 2 

(104). Optical cable 105 transports all the optical signals to DRU 3 (106). The other DRUs 

10 in the daisy chain are involved in passing the optical signals onward to DRU 1 (107). DAU 1 

(102) is net·worked with DAU 2 (108) to allmv the downlink signals from Sector 2 (109) and 

Sector 3 (110) to be transported to all the DRUs in Cell 1. The system's switching and 

routing functions enable the selection of ,vhich sectors' signals are transmitted and received 

by each DRU. 

15 [0039] An embodiment illustrating a Traffic monitoring unit (121) at the DAUs is included 

to track the traffic load at each DAlJ in the network. The traffic load associated with each 

DAU is collected and stored in the Netvvork Optimization 1.Jnit (120). The optimization unit 

(120) calculates the overall DAS net\vork perfonnance and determines the optimum 

reconfigured net·work to improve or maximize perfrmnance. Utilizing the traffic monitoring 

20 unit 121 in conjunction 'With the DAlJs provides fi:ir optimization of the DAS network 

through a traffic monitoring unit external to the DAUs. Thus, embodiments of the present 

invention provide for traffic monitoring in a DAS network. Optimization of the DAS 

network can then be performed using infom1ation related to the traffic monitoring. 

[0040] Referring to FIG. 1, the traffic monitor unit 121 can be a server determining the 

25 number of users on each DAU. with each DAU having multiple ports in some embodiments. 

Data from the traffic monitor unit 121 is then provided to the network optimization 1mit 120, 

which can be the same server including the traffic monitor rmit or a different server. The 

network optimization unit 120 (1,vhich can be software running on a server) can model the 

rebalancing of the traffic load and, after detem1ining that the performance will be acceptable, 

30 implements the load rebalancing by communicating with the DAUs and shifting traffic 

between sectors. Although the network optirnization unit 120 is illustrated as coupled to the 

DAUs in FIG. 1, this is not required by embodiments of the present invention and the 

net\vork optimization could be performed at one of the DRUs, with data regarding network 

optimization being transmitted back to the DAUs using, for example, using an Ethernet 
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backhaul connecting the DRUs to the DA Us. Thus, the network optimization server could be 

located at one of the DRUs, controliing the entire network from that iocation. One of 

ordinary skiU in the art vvould recognize many variations, modifications, and ahernatives. 

[0041 J The network optimization unit can implement a network optimization goal, which 

5 may relate to the number of users per sector, for example, that each sector carry a percentage 

oftrafiic less than 50% of the total traffic, less than 40(1/;, of the total traffic, or less than 35~~ 

of the total traffic, that each sector have less than 50~~ of the users, less than 40%, of the 

users, less than 35% of the users, or that each sector have 33°1;_, of the users, or the like. Thus, 

the optimization goals can include metrics of the system performance. Although the system 

10 may not reach the goals, progress toward the goals can be provided, improving the user 

experience. 

!0042] FIG. 2 shows an embodiment illustrating how a single base station can be used to 

provide coverage for a larger geographical area when a frequency reuse pattern ofN~"l is 

used. Referring to FIG. 2, cell 1 and cell 8 would share the radio resources of sector l of the 

15 base station. Simifarly, ceH 2 and cell 10 would share the radio resources of sector 2. 

[0043] The DAUs control the routing of data between the base station and the DRUs. Each 

individual data packet is provided with a header that uniquely identifies which DRU it is 

associated with. TI1e DA Us are interconnected to allow transport of data arnong multiple 

DA Us. This feature provides the unique flexibility in the DAS nehvork to route signals 

20 between the sectors and the individual DRUs. A server is utilized to control the switching 

function provided in the DAS network. Referring to FIG. 2, and by vvay of example, DAU 1 

(202) receives downlink signals from BTS 1 Sector 1 (20 l). DAU 1 trans fates the RF signals 

to optical signals and the optical fiber cable 203 transports the desired signals to DRU 2 

(204). Optical cable 205 transports all the optical signals to DRU 3 (206). The other DRUs 

25 in the daisy chain are involved in passing the optical signals onward to DRU 1 (207). DAU 1 

(202) is netvvorked v,.rith DAU 2 (208) to allow the downlink signals from Sector 2 and Sector 

3 to be transported to all the DR1Js in Cell l. Optical fiber cable 209 transports the desired 

signals to DRU 23 (210). Optical cable 211 transports all the optical signals to DRU 24 

(212). The other DRUs in the daisy chain are involved in passing the optical signals onward 

30 to DRU 22 (213). An embodiment illustrating a Traffic monitoring unit (221) at the DAUs is 

included to track the traffic load at each DAU in the network. The traffic load associated with 

each DAU is collected and stored in the Network Optimization Unit (220). The optimization 

unit (220) calculates the overall DAS network performance and determines the optimum 

reconfigured network to maximize performance. 

10 
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[0044] FlG. 3 sho,l\-'S an embodiment illustrating an application employing a base station 

hotel \vhere N BTSs are interconnected to serve a given geographical area. The base stations 

may represent independent wireless network operators and/or muhipie standards (WCDMA, 

LTE, etc.) or they may represent provision of additional RF carriers. The base station signals 

5 may be combined before they are connected to a DAU, as may be the case for a Neutral Host 

application. Referring to FIG. 3 and by \Vay of exarnpie, DA1.J 1 (302) receives dmvnlink 

signals from BTS Sector 1 (301). [)AU l transiates the RF signals to optical signals and the 

optical fiber cable 303 transports the desired signals to DRU 2 (304). Optical cable 305 

transports all the optical signals to DRU 3 (306). The other DRUs in the daisy chain are 

10 involved in passing the optical signals onward to DRU l (307). DAU 1 (302) is networked 

\Vith DAU 2 (308) to allow the downlink signals from BTS 1 Sector 2 to be tramported to all 

the DRUs in Cell 1. DAU 1 (302) receives downlink signals from BTS Sector N (309). 

DAU l translates the RF signals to optical signals and the optical fiber cable 303 transports 

the desired signais to DRU 2 (304). Optical cable 305 transports al] the optical signals to 

15 DRU 3 (306). The other DRUs in the daisy chain are involved in passing the optical signals 

onward to DRU 1 (307). The additional base stations provide the capability to add capacity 

for Cell 1. 

[0045] In order to efficiently utilize the limited base station resources, the network of 

DRUs should have the capability of re--directing their individual uplink and downlink signals 

20 to and from any of the BTS sectors. Because the DRUs data traffic has unique streams, the 

DAU Router has the mechanism to route the signal to different sectors. An embodiment 

illustrating a Traffic monitoring 1mit (321) at the DA Us is included to track the traffic load at 

each DAU in the network. The traffic load associated with each DAU is collected and stored 

in the Network Optimization Unit (320). The optimization unit (320) calculates the overaH 

25 DAS network performance and determines the optimum reconfigmed network to maximize 

performance. 

!0046] FIG. 4 shows the two primary elements in a DAU, the Physical Nodes (400) and the 

Local Router ( 40 l ). The Physical Nodes translate the RF signals to baseband for the 

Downlink and from baseband to RF for the TJplink. The Locai Router directs the traffic 

30 bet\veen the various LAN Ports, PEER Po1is and the External Ports. The physical nodes 

connect to the BTS at radio frequencies (RF). The physical nodes can be used for different 

operators, different frequency bands, different channels, or the like. The physical nodes can 

combine the dovvnlin .. k and uplink signals via a duplexer or they can keep them separate, as 

would be the case for a simplex configuration. In one embodiment, Traffic monitoring (416) 
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capability is provided in each DAU for determining the traffic load at each of the D,A'"U ports. 

In this embodiment, the traffic monitoring function is performed in each DAU in comparison 

with other implementations in .,vbich the traffic monitoring is performed externally. 

[0047] FIG. 4 shmvs an embodiment whereby the physical nodes have separate outputs for 

5 the uplinks ( 405) and separate inputs for the downlink paths ( 404), The physical node 

translates the signah from Rf to baseband for the downlink path and from baseband to RF for 

the uplink path. 111e physical nodes are connected to a Local Router via external ports 

(409,410)). The router directs the uplink data stream from the LAN and PEER p01is to the 

selected External U ports. Similarly, the router directs the downlink data stream from the 

10 External D ports to the selected LAN and PEER ports. 

[0048] In one embodiment, the LAN and PEER ports are connected via an optical fiber to a 

net\vork of DA Us and DRUs. The network connection can also use copper interconnections 

such as CAT 5 or 6 cabling, or other suitable interconnection equipment. The DAU is also 

connected to the in tern et network using IP ( 406). An Ethernet connection ( 408) is also used 

15 to communicate between the Host Unit and the DAU. The DRU can also connect directly to 

the Remote Operational Control center ( 407) via the Ethernet port. 

[0049] FIG. 5 shows the two primary elements in a DRU, the Physical Nodes (501) and the 

Remote Router (500). The DRU includes both a Remote Router and Physical Nodes. The 

Remote Router directs the traffic het\veen the LAN pons, External Penis and PEER Ports. 

20 The physical nodes connect to the BTS at radio frequencies (RF). The physical nodes can be 

used for diHerent operators, different frequency bands, di±Terent channels, etc. FIG. 5 shows 

an embodiment whereby the physical nodes have separate inputs fix the uplinks (504) and 

separate outputs for the downlink paths (503). The physical node translates the signals from 

RF to baseband for the uplink path and from baseband to RF for the downlink path. The 

25 physical nodes are connected to a Remote Router via external ports (506,507). The router 

directs the dm.vnlink data stream from the LAN and PEER prnis to the selected External D 

ports. Similarly, the router directs the uplink data stream from the External U ports to the 

selected LAN and PEER ports. The DRlJ also contains a Ethernet Switch (505) so that a 

remote computer or wireless access points can connect to the internet. 

30 [0050] In one embodiment, the traffic monitoring (516) capability is provided in each DRU 

for determining the traffic load at each of the DRU ports. ln this embodiment, the traffic 

monitoring function is performed in each DRU in comparison with other implementations in 

which the traffic monitoring is performed extemaily. 
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[0051] As shmvn in FIG. 6, the base station hotel (610) is comprised of multiple Picocells. 

The Picocells are typically wireless operator dependent and frequency band dependent. 

Picoceils that operate in the same frequency band are combined at RF and input to the 

respective DAUs. The DAU radio resources from the combined Picocells are transported to a 

5 daisy-chained network of DRUs. Each individual DA Us radio resources provide coverage to 

an independent geographical area via the netvvorked DRUs. FIG. 6 de:tnonstrates how 

multiple DAUs, each celi comprising an independent net'i,vork of 7 DRUs, provide coverage 

to a given geographical area. In one embodiment, the traffic monitoring functionality is 

located in an external Traffic Monitoring Unit (62 i ), which is connected to the net\vork of 

10 DATJs. 

[0052] As shmvn in FIG. 7, the base station hotel (710) is comprised of muhiple P-icoceHs. 

The Picocells are typically wireless operator dependent and frequency band dependent. 

Picocells that operate in the same frequency band are combined at RF and input to the 

respective DA Us. The DAU radio resources from the combined Picoceils are transported to a 

15 daisy--chained net\vork of DRUs. Each individual DAUs radio resources provide coverage to 

an independent geographical area via the networked DR Us. FIG. 7 demonstrates how 

multiple DAUs, each cell comprising an independent nehvork of 7 DR1Js, provide coverage 

to a given geographical area. In one embodiment, the traffic monitoring functionality is 

located in an external Traffic Monitoring Unit (721), which is connected to the Picocells. 

20 The BTS Hotel 710 includes a plurality of Picocells that are coupled to traffic monitoring unit 

720. The traffic information flows from the Picocells to the traffic monitoring unit, which 

uses this tra:ffic information to optimize the DAS network The traffic monitoring unit 820 

works in conjunction with network optimization unit 721, which can include traffic 

management algorithms used to distribute traffic efficiently throughout the DAS network. 

25 [0053] FIG. 8 shows an embodinient of a base station hotel (810), which is comprised of 

multiple picocells that are interconnected to a net\vork of DA Us via a digital interface (830). 

!0054] FIG. 9 illustrates one embodiment of the DAS network optimization flmv diagram. 

The Key Performance Indicators (KPls) of the network traffic are collected at the various 

network nodes (910). KPI rnay comprise information such as: number of blocked calls, 

30 number of active calls, average power of uplink channels, average power of downlink 

channels, traffic on each sector, failed calls, number of satisfied users, number of unsatisfied 

users, number of users operating through a given DRU, and the Eke. 
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[0055] The DAS network performance is then analyzed in the context of the available DAS 

net\1vork radio resources (912). An optimization algorithm is applied to the existing DAS 

netvvork with the objective to determine the optimum routing of network traffic (914). Once 

an optimum DAS network has been determined then an estimate of the reconfigured DAS 

5 network performance is determined (916). The reconfigured DAS network is evaluated prior 

to an implementation to insure that the performance will be acceptable. If the reconfigured 

DAS net\voik bas been determined to be acceptable then the reconfigured DAS network is 

implemented (918) and the entire process is repeated. In an embodiment, the load on the 

sectors prior to reconfiguration and after the proposed reconfiguration can be compared to 

10 determine if the shifting of the DRUs to the other sectors improves the system performance. 

[0056] Thus, using the KP Is of the network traffic, the DAS network can be modified to 

improve system performance. As an example, if a pa1iicular DRU has a higher load than 

other adjacent DRUs, traffic can be routed to the adjacent DRUs in order to reduce the load 

on the particular DRU. AdditionaJ description related to load balancing is provided in US 

15 Patent Application No. 61/600,530, filed on February 17, 2012, entitled "Evolutionary 

Algorithms for Geographic Load Balancing Using a Distributed Antenna System," the 

disclosure of which is hereby incorporated by reference in its entirety for all purposes. 

[0057] As an example of optirnizing netvvork perfonnance, a ba,;;e station typically bas 

three sectors. The DRU can be allocated to different sectors in order to improve perfonnance 

20 by shifting traffic from a first sector (e.g., a high traffic sector) to a second sector (e.g., a low 

traffic sector) by shifting a DRU allocated to the first sector to the second sector. Although 

some embodiments of the present invention win not optimize performance of the system, the 

system performance can be improved using the techniques described herein, for example, by 

measuring the traffic load on the DRl.Js, performing load balancing of the traffic on the 

25 DRUs, to reduce the load on a first DRTJ characterized by a first traffic load by shifting the 

load to a second DRU characterized by a second traffic load less than the first traffic load. In 

the optimization process, system performance can be measured against a predetermined 

threshold, with the optimization process terminating once the predetermined threshold has 

been reached. One of ordinary skin in the art would recognize many variations, 

30 modifications, and alternatives. 

[0058] As another example, power settings for the DRUs can be modified to improve 

system perfrHmance as discussed in additional detail in U.S. Patent Application No. 

61/669,572, filed on July 9, 2012 and entitled, "A Self-Optimizing Distributed Antenna 
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System Using Soft Frequency Reuse," the disclosure of which is hereby incorporated by 

reference in its entirety for all purposes. 

[0059] FIG. 10 iHustrates one embodiment of the DAS network calculation of the KPis and 

QoS. The important parameters for determining the DAS network QoS include the number 

5 of users allocated to a given DRU, the spatial distance between the various DRUs, as v,reH as 

identifying which DRUs are assigned to \vhich BTS sector. 

[0060] FIG. 11 illustrates one embodiment of the flow chart for the optimization algorithm. 

Jn this embodiment an Estimation Distribution Algorithm (EDA) is used. Various DRU 

allocation scenarios are investigated to determine the optimum DRU scenario that achieves 

10 the highest QoS. In an embodiment, the initial population is generated (1110). The traffic 

information (KPis) is analyzed and traffic performance (QoS) for all sectorization is analyzed 

(1112). A sort procedure is performed (1114) and a determination is made if the convergence 

criterion are satisfied ( 1116). If so, the process is tem1inated. ff not, then the generation 

counter is updated (1118), a sort operation is performed (1120), the parameter r is computed 

15 (1122) and a new population is generated (1124). Then the method proceeds to the traffic 

infrmnation and performance analysis ( 11 l 2). 

[0061] Network Optirnization 

roo62J TI1e netvvork's performance (expressed by the number of KPTs from different pans 

of the network) determines the QoS values. Different operators may have different defined 

20 business goals and different services of interest. Based on these considerations, efficient and 

cost effective netsvork perfixmance management varies from operator to operator. Therefore, 

QoS metrics could be defined and mapped to a set of KPis. When a set of KP Is is used, then 

the mapping needs to be represented by a weighted normalized function. 

!0063] In this section we formulate the sectori:zation problem with mixed integer 

25 programming to baiance traffic among sectors and to minimize handoffs vvith connected and 

compact sectors. Given the sectodzation of DR Us at time period t, our problem is to obtain 

new sectorization at time period t+ 1 that adaptively balances the change in traffic demands. 

[0064] In order to formulate the problem, we consider a service coverage area with 1V 

DRUs. Each DRU is assumed to have traffic demand 'I; i = 1, ... , N . Note that, UEA belongs 

30 to DRUB if the received uplink power from UEA at DR() 11 is greater than the other DR u;" . 

Let Ai be the transition probability of mobiles from DR U 1 to DRU,. Then, the hand off calls 
- " 

from DRV to Dii'U j become/iii= pJ;. The distance between DRU, andDR[T
1 

is inversely 
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proportional to n . . Assume that an eNodeB hotel has /id VBSs. Let SOS and SOD, be 
-L' ~I - 1n K 

the set of sectors in VIJSm and the set ofDRlJs allocated to Sector,, respectively, such that 

!S05',nl =3 (if each eNodeB/VBS has three sectors), rn=l, ... , M and k=l, ... , K. We consider 

the folh1vving three cost factors (KPis) in the sec:torization problem: 

5 [0065] KPlBc (Inverse of the number of Blocked Calls): TI1e penalty of the blocked calls 

caused by hard capacity and soft capacity. Let HC and SCk be the hard capacity of VBSm 

and soft capacity of Sector" respectively such that HCm = L SC1, • The binary variable 
kc.5VSm 

X;;, 0= 1, when DRU; belongs to Sectork. y. = > x.,., then )\rn '" I ,vhen DRU; belongs to 
inl ~ ;,,, 

kESOS.,,, 

vBS,,,. 

1 ..._..-,m T{,C' ..._--<,-,-, L nc = ,. 1.J'i. ·--· t , = :,, 1. x. ---m ~· i ;m , m £..-,J 1 • ik 

kESOSm 

(l) 

Since a penalty occurs only when the calls are blocked, we apply just sck to the objective 

function, because the he,,, is a function of sck and there is no need to add it as another tern.1 to the 

objective function. sck is a nonnegative real variable. So, 

(2) 

[0066] KPI,10 (Inverse of the number of Handoffs): we consider three different types of 

Handoffs: 

20 [0067] A. lnter-eNodeB Handof]: When user equipment (UE) with an ongoing call moves 

from one VBS to another VBS, then the UE needs an inter-eNodeB handoff. Inter--eNodeB 

handoff is executed using the X2 interface (as long as the lJE does not leave the LTE 
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coverage area) or Sl interface (when the UE leaves the serving cell). The X2 handoff 

includes establishing a signaling connection using the X2 Application Part (X2AP) from the 

source to the target eNodeB. The target eNodeB updates the MME (Mobility Management 

Entity) 'Nith the new geographic position of the UE. To enable this procedure, the MME 

5 needs to communicate with S-G\V (Serving Gateway) to negotiate the new endpoint During 

the Sl handon: the MME receives the relocation preparation request of the source eNodeB, it 

starts the handoff resource allocation procedure to request the necessary radio resource from 

the target eNodeB. After the target eNodeB sends the required radio interface parameters 

embedded in a handoff cmnmand n1essage; the MJ'VfE forwards this hand off command 

10 message transparently to the UE, which executes the handoff. The main procedure is 

triggered by the MME and executed by S-GW. 

10068] Let the binary variable z,jm = l, when DRUt and DRU
1 
belong to VBSm. Then the 

imer-eNodeB handoff cost is computed by using fhe variable z,, = 1- ;> z.. , the cost 
• ......,. 11 ~ 1.,1m, 

m 

becornes ;> ;> h,z,, . 
J:.:.:.:,J~ lj iJ 

j 

15 10069] Note that inter--eN odeB hand off occurs when DRU; and DRU, belong to different 

[~fi]E B. lntra-eNodeB Htuulo.ff: When a UE with an ongoing can moves from one sector 

to another in a VBS, then the mobile needs an intra-eNodeB handoff This procedure doesn't 

need to involve MME or S-G\V because it can be handled entirely vvithin that VBS. Now by 

20 letting the binary variable w ;,. = 1 when DRU, and DR [J. belong to sector k, the intra--
~; rv v J 

eNodeB handoff cost is computed by using two variables 

cost becomes~~ hu( H-'ii --- zu). 
j 

vvhere iv .. = 1--- ) 
y ~ 

k 

, the 

[0071] An intra-eNodeB handoff occurs when DRU; and DRU; belong to different sectors 

of the same VBS. 

25 [0072] C. Forced Handof:f: \Vhen a DRU changes its sector, all ongoing caHs in the cell 

have to change their pilot PN offsets for WCD:MA. The cost of forced handoff is computed 

by employing the current sectorization a1k, which is equal to zero when DR Ut is in S'ector1c. 
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Since the cost occurs when DRU, cun-ently in another sector moves into Sectork, the cost 

!0073] The weighted combination of these three handoff cost would be: 

5 (3) 

[0074] KPI0 (Inverse of the Compactness Index): we wiH try to minimize the length of 

handoff border with the compactness index CI which is introduced in Section 11.B . In 

Equation (4) the numerator term represents the number of handoff DRU sides between two 

different sectors. 

(4) 

Where Bu=== 1, if DRU1 and DR[JJ are adjacent 

Now we consider the following constraints required in the formulation: 

l. each DRU has to belong to a sector, that is, 

15 for all i 
k 

(5) 

2. The relationship between any two DR Us in a Sectork has to satisfy H'u1r === 1 if and only if 

x,k = x fk = l . Thus we have: 

7 ana --- i 

20 (6) 

[0075] The relationship between two DR.Us in a VJ3S"' . 

(7) 

18 

z .. :.:.:: l um 

for all 

if and only if 

for all 

iJ and 

and 

k 

k 
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3. Connected sectorization, if a sector has more than one DRU, then the DRUs of the sector 

have to be connected. For the formulation of connected sectors we employ the cut H1eorern [26] 

onSODk C lf 5'ectork is connected, then any cut that separates cells in SODk has at least one 

common side of the hexagonal cells. Let Slk be a proper subset of SO Dk, that is, Slk c SO Dk, 

Because two subsets are connected, there exists at least one common side of the DR Us separated 

by the subsets. Thus we have 

(8) 

10 [0076] Now, our QoS function is the weighted combination of three KPis (cost factors) 

\vhich we have already introduced. Obviously our objective function is to maximize the QoS 

function. They are penalties of blocked calls by hard and soft capacities and hand off calls. 

The DRU sectorization can be fixmuiated as the following mixed integer linear 

programming. 

15 

Minimize 

QoS ] = Yv';J<..'.Pl,~c--l +v,'2.KF'lifO-J + Vv3,KPlCJ 

Subject to: 

"\·'x., = 1 
~ lK 

for all i 
k 

fhr all i, j and k 

for all i,j 

-1 for all i, j and m 

for all i,j 

L L Bff ~ 1 
f~.S E!~ jc.,S 2.k: 

h;; = P/f for all i and j 

hem = L T:Ytm --- HCm for all m 

0 

'5'Tx"' -SC. ,£..,_j I Ill !;. 
othenvise 

for all k 

jor all i,j,k and m 
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[0077] Note that many grouping problems which are special cases of the sectorization 

problem are weil-known NP-hard problems. Since our problem is NP hard, the time it takes 

to execute the algorithm is exponentially increasing with the size of the problem. Such an 

algorithm is thus in most cases unusable for real-world size problem. As an encouraging 

5 result on NP-hard problems, we investigate evolutionary algorithms to solve the sectorization 

problem and compare the performance with the solutions obtained by the mixed integer 

programming. 

[0078] Estimation distribution algorithm (EDA) 

[0079] Unlike other evolutionary algorithms, in EDA a new population of individuals in 

10 each generation is generated without crossover and mutation operators. Instead, in EDA a 

new population is generated based on a probabifay distribution, vvhich is estimated from the 

best selected individuals of previous generation. \Ve introduce each main--vector as an 

individual for our EDA approach, and also our fitness function is oqjective function that we 

mentioned it in section III. In general, conventiona] EDAs can be characterized by parameters 

15 and notations: 

(11) 

where 

11 
/ 

20 2) 

3) 

4) 

"\ ~j 

61 I 

l~ is the space of alJ potential solutions ( entfre search space of individuals). 

F denotes a fitness function. 

A, is the set of indi victuals (population) at the 1th generation. 

llz is the set of best candidate solutions selected from set l'11 at the lrn generation. 

V-/e denote /31 = l:.1 - r;1= li.z Ii 1/i . where 1,cj is the complement of r;1. 

Psis the selection probability. The EDA algorithm selects p,!A1l individuals from set A1 to 

25 make up set 17;. 

7) We denote by r the distribution estimated from JJ; (the set of selected candidate 

solutions) at each generation. 

8) lrer are the maximum number of generation 

In conventional EDAs, each individual is designated by a string. A typica] EDA is described in 

30 the foHowing steps: 

Step 0: Generate initial population l'10. 111e initial population (i.6.oi individuals) is typically 

obtained by sampling according the uniform (equally likely) distribution: 

20 
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1 
)=-,i-f __ _ 

I:lsos;.I 
n=l 

For generation 1 = 1,2, .... , folh.)\V steps ] fhrough 6 

Step 1: Evaluate the individuals in the current population ~11 according to the fitness function F. 

So1i the candidate solutions (individuals in the current population) according to their fitness 

orders. 

5 Step 2: If the best candidate solution satisfies the convergence criterion or the number of 

generation exceeds its limit !,er , then terminate; else go to step 3. 

Step 3: Select the best pJ,il candidate solutions (individuals) from current population i:11-1. This 

selection is accomplished according to the sorted candidate solutions. 

Step 4: Estirnate the probability distribution p ( 0, A,·•• A) on the basis of lt11-1 i best candidate 

10 solutions. \Ve denote this estimation by 

= P(B1,e~,··•JJ" lll11) 

Step 5: Generate nnv lt\1.il -1111. 1 ! individuals on the basis of this new estimated probability 

distribution r. Replace the bad i~1-1I individuals \vith newly generated l~i-J 1---- !111-1! individuals. 

Step 6: Go to step 1 and repeat the steps 

\Ve foHowed the steps of the above pseudo code for our EDA implernentation. In our 

15 experimentation, for estimation (13 ), we used a simple scheme of estimating the marginal 

distributions separately and using product form 

"p(0,,02 ,· .. ,0,, l1l1_J =TIP/~ IT11-1) 
~---l 

/)In,\,', ,\ 
= Ol ___ ;:, \:_~ 0, Irr,, J J 

Where J is an indicator function and it can be expressed as 

[0080] It is also understood that the examples and embodiments described herein are for 

iilustrative purposes only and that various modifications or changes in iight thereof wm be 

20 suggested to persons skilled in fhe art and are to be included within the spirit and purview of 

this application and scope of the appended claims. 

!0081] Appendix I is a glossary of terms used herein, including acronyms. 

2] 

(12) 

(13) 

(14) 

(15) 
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APPENDIX I 

Glossary of Terms 

ACLR 
ACPR 
ADC 
AQDM 
AQM 
AQDMC 
AQMC 
BPF 
CD1VfA 
CFR 
DAC 
DET 
DHMPA 
DDC 
DNC 
DPA 
DQDM 
DQM 
DSP 
DUC 
EER 
EF 
ET 
EVM 
FFLPA 
FIR 
FPGA 
GSM 
1--Q 
IF 
LINC 
LO 
LPF 
J\,fCPA 
MDS 
OFDM 
PA 
PAPR 
PD 
PLL 
QAM 
QPSK 
RF 
RRH 
RRU 
SAvV 
1..TMTS 
UPC 

Adjacent Channel Leakage Ratio 
Adjacent Channel Power Ratio 
Analog to Digital Converter 
Analog Quadrature Demodulator 
Analog Quadrature Modulator 
Analog Quadrature Demodulator Corrector 
Analog Quadrature 1\1oduiator Corrector 
Bandpass Filter 
Code Division Multiple Access 
Crest Factor Reduction 
Digital to Analog Converter 
Detector 
Digital Hybrid Mode Power Arnpiifier 
Digital Down Converter 
Down Converter 
Doherty Power Amplifier 
Digital Quadrature Demodulator 
Digital Quadrature Modulator 
Digital Signal Processing 
Digital Up Converter 
Envelope Elimination and Restoration 
Envelope Folknving 
Envelope Tracking 
Error Vector Magnitude 
Feedfonvard Linear Power Amplifier 
Finite Impulse Response 
Field--Prngrammable Gate Array 
Global Sys tern for Mobile comrnunications 
In--phase / Quadrature 
Intermediate Frequency 
Linear Amplification using Nonlinear Components 
Local Oscillator 
Lmv Pass Filter 
Mu hi-Carrier Pcnver Amplifier 
:rvlu!ti-Directional Search 
Orthogonal Frequency Division ~!fultipiexing 
Power Amplifier 
Peak-to-Average Power Ratio 
Digital Baseband Predistortion 
Phase Locked Loop 
Quadrature Amplitude J\.fodulation 
Quadrature Phase Shift Keying 
Radio Frequency 
Remote Radio Head 
Remote Radio Head Unit 
Surface Acoustic Wave Filter 
Universal Mobile Telecornmunications System 
Up Conve1ier 

22 
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WCDMA 
WLAN 

Vlideband Code Division Multiple Access 
~\Vireless Locai Area Network 

23 
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WHAT IS CLAIMED IS: 

1 1. A system for dynamically muting signals in a Distributed Antenna 

2 System, the system comprising: 

3 a plurality of Digital Access Units (DAUs), 1,vherein the plurality of DA Us are 

4 coupled and operable to route signals bernreen the plurality of DA Us; 

5 a plurality of Digital Remote Units (DRUs) coupled to the plurality ofDAUs 

6 and operable to transport signals between DRUs and DAUs; 

7 a plurality of Base Transceiver Stations (BTS); 

8 a plurality of traffic monitoring modules; and 

9 a network optimization goal and optimization algorithm. 

1 "' L. The system of claim 1 vvherein the Base Transceiver Station comprises 

2 a plurality of small cells. 

1 The system of claim J ,vherein the Base ·rransceiver Station comprises 

2 a plurality of small cells. 

1 4. The system of claim 1 vvherein the wherein the network optimization 

2 goal comprises a percentage of users associated with each of a plurality of sectors. 

3 5. A system for dynamically routing signals in a Distributed Antenna 

4 System, the system comprising: 

5 a plurality of Digital Access Units (DA.Ds), wherein the plurality of DAUs are 

6 coupled and operable to route signals beh;veen the plurality of DA Us; 

7 a plurality of Digital Remote Units (DRUs) coupied to the plurality ofDA1Js 

8 and operable to transport signals between DRUs and DAUs; 

9 one or more Base Transceiver Stations (BTSs); and 

10 one or rnore traffic monitoring units. 

6. The system of claim 5 wherein the one or more traffic n10nitoring units 

2 is external to the plurality of DA Us and coupled to each of the plurality of DAUs. 

1 7 The system of claim 5 wherein the one or more traffic monitoring units 

2 comprise a plurality of traffic monitoring units each provided as a component of each of the 

3 plurality ofDAUs. 

24 
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1 8. The system of claim 5 wherein the one or more traffic monitoring units 

2 is externai to the plurality of DRUs and coupled to each of the plurality of DRUs. 

1 9. The system of claim 5 wherein the one or more traffic monitoring units 

2 comprise a plurality of traffic monitoring units each provided as a component of each of the 

3 plurality of DRUs. 

1 10. The system of claim 5 wherein the one or more traffic monitoring units 

2 is external to the plurality of BTSs and coupled to each of the plurality of BTSs. 

1 IL The system of claim 5 fo1iher comprising a network optimization 

2 processor coupled to the traffic monit01ing unit 

l) The system of claim 11 wherein the network optirnization processor 

2 comprises an optimization algorithm, v,.rhich optionally includes an optimization goal. 

1 13. The system of claim 5 wherein the plurality of DA Us are coupkd via 

2 at least one of Ethernet cable, Optical Fiber, Microwave Line of Sight Link, \Vireless Link, or 

3 Satellite Link 

1 14. The system of claim 5 vvherein the plurality of DA Us are coupled to 

2 the p]urality of DROs via at least one of Ethernet cable, Optical Fiber, Microv-rave Line of 

3 Sight Link, Wireless Link, or Satellite Link. 

1 15. The system of claim 5 wherein the DR.Us are connected in a daisy 

2 chain configuration. 

1 16. The system of claim 5 vvherein the DR Us are connected to the DA Us 

2 in a star configuration. 

1 17. The system of claim 5 ..,,vberein the DAUs are connected to the BTSs 

2 via at least one of a Ethernet cable, Optical Fiber, Microwave Line of Sight Link, Wireless 

3 Link, or Satellite Link. 

1 18. The system of claim 5 wherein the DRUs are connected in a loop to a 

2 plurality ofDAUs. 

1 19. The system of claim 5 wherein a single DAU port is connected to a 

2 plurality of Base Transceiver Stations. 
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a translation of the international application into ______________ which is the language of a 
translation furnished for the purposes of international search (Rules 12.J(a) and 23. l (h )). 

This opinion has been established taking into ·account the rectification of an obvious mistake authorized by or noli tied 
to this Authority under Rule 9l {Rule 43bis l(a)} 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, !his c•pinion has been 
established on the basis of a sequence listing filed or furnished: 

a. (means) 

□ 
□ 

on paper 

in electronic form 

b. (time) 

D in the international application as filed 

0 together with the international application in electronic form 

D subsequently to this Authority for the purposes of search 

4. □ ln addition. in rhe case that more than one version or copy ofa sequence listing has been filed or furnished. the required 
statements that the information in the subsequent or additional copies is idemical to that in the application as filed <:H. 

does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 
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Box No. V Reasm:u:d statement under Rule 43bis.l(a)(i) with n,gard to novelty, inventive step or industrial applicability; 
dtations and explanations :supporting such statement 

! Statement 

Novelty (N) 

Inventive step (IS) 

industrial applicability (IA) 

2. Citations and explanations: 

Claims 

Claims 

Claims 

Claims 

Claims 

Claims 

2--4:6, 8, 12, 14, 19 

1, 5, 7, 9--11, 13-15, 17, 18 

None 

1-19 

1-19 

None 

YES 

No· 

YES 

NO 

YES 

NO 

Claims 1, 5, 7, 9-11, 13-15, 17, 18 !ack novelty under PCT Article 33{2) as being anticipated by Lamson et al., hereinafter referred to as 
Lemson. 

Regarding ciaim 1, Lamson discloses a system for dynamically routing signals in a Distributed Antenna System (Distributed Antenna 
system, abstract; Flexibie Simulcast suppo,ts dynamic andior manual rean-angement !rerouting signals] of which specific RRU are 
involved in signal combinlng process, para 0039}, the system comprising: a plurality of Digital Access units (DAUs). wherein the plurdliiy of 
DAUs are coupled and operable to route signa!s between the plurality of DAUs {DAU1 [101] and DAU2 [102] [plurality oi DAUsJ are 
coupled and operable to route signals between them using bidirectional optical cable i 13, para 0030, see.fig. 1 ); a plurality of Digital 
Remote Units (DRUs) coupled to the piurality oi DAUs (RRU1 [here RRU is the DRU of the inventor specification] and RRU2 are coupled 
to DAU'!, RRU3, RRU4 are coupled to DAU2, see fig. 1, para 0030) and operable to transport signals bef:Neen DRUs and DAUs {one 
signal from DAU1 is fed to RRU1, RRU2 is fed by sec.,ond optic..a! port via b;d;rectionai optical cable 114 to RRU2, para 0030, see fig. 1; 
RRU3 is coupled to RRU4 via optical cable i 15, para 0031, see fig. i jwhere RRU3 is fed by DAU2]); a plurality of Base Transceiver 
Stations (8TS ) {Composite downlink input signal 107 from a base station enters DAU1 at !he DAU1 RF input port. a second composite 
downlink input signal from a 'second base station [multiple BTSs} en!ers DAU2 at the DAU2 RF input port, para 0030. see fig. i; base 
transceiver station, para 0049); a pluraiit'f of traffic monitoring moouies {DAU Monitoring module [each DAU has one module so DAU1 and 
DAU2 have the modules so plurality of monitoring modules] determining and setting the appropriate amount of radio resources, para 005,1. 
see fig. 7); and a network optimization goa! and optimization algorithm (an algorithm operating within the DAU monitoring module detects 
which cariiers and corresponding time slots for each car1ier are active for each RRU and control modification of system based on usage 
[nelwork optimization algorithm with a goal of modification based on the load], para 0052, para 0016 [optimization]}. 

Regarding claim 5, Lemson discloses a system for dynamically routing signals in a Distributed Antem1a System (Distributed Antenna 
system, abstract; Flexible Simuicast supports dynamic and/or manual rearrangement [rerouting signals] of which specific RRU are 
involved in signal combining process, para 0039}, the system comprising: a plura!i!y of Digital Access units (DAUs), wherein the plurality of 
DAUs are coup!ed and operable to route signals between the plurality of DAUs (DAU1 [101] and DAU2 [102] [piurality of DAUsJ are 
coupled and operable to route signals betv;een them using bidirectionai optical cable 113. para 0030, see fig. 1 ); a plurality of Digital 
Remote Units {DRUs) coupled to the plurality of DAUs (RRU1 [here RRU is the DRU of the inventor specification) and RRU2 are coupled 
to DAU1, RRU3, RRU•l are coupled to DAU2, see fig. 1, para 0030) and operable to lransport signals between DRUs and DAUs (one 
signal from DAU1 is fed to RRU1. RRU2 is fed by second optieol port via bidirectional optical cable 114 to RRU2. para 0030, see fig. 1; ' 
RRU3 is coup!ed to RRU4 via optical cable 115. para 0031, see fig. 1 [11vhere RRU3 is fod by DAU2l}; one or more Base Transceiver 
Stations (BTSs) (Composite downlink input signal ·107 from a base station enters DAU1 at the DAU1 RF lnput port, a second composite 
downlink input signal from a second base station [multiple 8TSs] emers DAU2 at the DAU2 RF input port, para 0030, see fig. 1; base 
transceiver station, para 0049); and one or more traffic monitoring units (DAU Monitoring module [each DAU has·one module so DAU1 
and D,(l,U2 have the modules so pluraiit'f of monitoring modules] determining and setting the appropriate amount of radio resources, para 
0051, see fig. i'j. · 

Regarding claim 7, Lemsori teaches wherein the one or more traffic monitoring units c-.omprise a plura!ity of traffic monitoring units each 
provided as a component of each oi the plurality of DAUs (DAU Monitoring module [each DAU has one module so DAU1 and DAU2 have 
!he modules so plurality of monitoring modules] determining and setting the appropriate amount of radio resources, para 005 i, see fig. 7 
jthe module is internal to the DAU so component of the DAU]). 

Fom1 PCT!iSA/237 (Box No V) (July 201 l) 



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Supplemental Box 

In case the space in any of the preceding boxes is not suilident. 
Continuation of 

PCT/US2013/052206 31.10.2013 

lntemationai application No. 

PCT /US20i 31052206 

Regarding claim 9, ·Lemson teaches wherein the one or more traffic monitoring units comprise a plurality of traffic monitoring units each 
provided as a component of each of the plurality of DRUs (RRU management controi module !internal or component of the DRU] sets the 
individual parameters of the RRU digital up converters to enable or disable specific tadio resources [traffic control), para 0051, 0052). 

Regarding claim 10, Lemson teaches wherein the one or more traffic monitoring units is external to the plurality of BTSs and coupled to 
each of the plurality of BTSs (DAU Monitoring module [each DAU has one module so DAU1 and DAlJ2 have the modules so plurality of 
monitoring modules] determining and setting the appropriate amount of radio resources. para 0051, see fig. 7; wherein the DAU are 
connected to !he BTS, see fig. 1 [externai to the BTSs]). 

Regarding claim 11. Lemson teaches a net>.vork optimization processor coupled to the traffic monitoring unit (a network operations center 
(NOC} c.oupled to the DAU [which has the internal monitoring unit] which reqllests and identifies the BTS where the user has placed the 
ca!I and asks DAU to determine the radio signature, para 0049). 

Regarding claim 13, Lemson teaches wherein the plurality of DAUs are coupled via at least one of Ethernet cable, Optic..a! Fiber {DAU1 
and DAU2 are coupled using a bidirectional optical cable 113, para 0030, see fig. 1 ), Microwave line of Sight Link, Wireless link, or 
Satellite Link. 

Regarding claim 14. Lemson leaches wherein the plurality of DAUs are coupled to the plurality of DRUs via at leas! one of Ethernet cable, 
Optical Fiber (DAU, uses an optical port [optical fiber] to feed RRU1 and RRU1 is connected to RRU2 by bidirectional opt;cal cabie, para 
0030, see fig. 1 ), Microwave Line of Sight Link, Wireless Unk. or Satellite Link. 

Regarding claim 15, Lemson teaches wherein the DRUs are connected in a daisy chain configuration {Optic.al cable 114 performs the 
function of daisy chaining RRU2 with RRU1, para 0030, see fig. 1). 

Regarding claim 17, lemson teaches wherein the DAUs are connected to the BTSs via at least one of a Ethernet cable, Optical Fiber, 
Microwave Line of Sight Link {BTS signal is fed to the DAU via a RF input port where the RF signals are received from BTS, para 0030}, 
Wireless Link, or Satellite Link. 

Regarding claim 18. Lemson teaches \·vhemin the DRUs are connected in a loop to a plurality of DAUs (DAU is coupled to a daisy chain of 
RRUs and in a loop, para 0030, see fig. 1 ). 

Claims 6, 8, 12 lack an inventive step under PCT Article 33(3) as being obvious over Lemson. 

Regarding claims 6 and 8, Lemson lacks t'ie teaching wherein the one or more traffic monitoring units is external to the plurality of DAUs 
and coupled to each of the piura!ity of DAUs. However, Lemson teaches wherein the one or more traffic monitoring units is internal to the 
plurality of DAUs and coupled to each of the plurality of DAUs (DAU Monitoring module [each DAU has one module so DAU1 and DAU2 
have the modules so plurality of monitoring modules] determining and setting the appropriate amount of radio resources, para 0051, see 
fig. 7). Further, lernson teaches a network Operation center which controls operation and assignment of users to the corresponding si:s 
external to the DAU and coupled to the DAU (Net\vork Operation Center (NOC) via external modem to DAU, para 0049. see fig. 5}. 
Furthermore, defining a structural component with same functions to be internal or external would have been a matter of design choice. 
Therefore, it wouid have been obvious to one of ordinary ski!! in the art at the lime of the invenlioh to incorporate the traffic monitoring uni! 
in the invention of Lernson for the purpose of dynarniC'.al!y reconfiguring the system (modification} to baiance the load (Lemson, para 0051, 
abstract). 

Regarding claim 12, Lemson ,acks the teaching wherein the network optimization processor c.omprises an optimization algorithm, which 
optionally includes an optimization goal. However. Lemson teaches a network optimization goai and optimization aigorithm {an aigorithm 
operating within the DAU monitoring module detects which carriers and corresponding time slots for each carrier are active for each RRU 
and control modification of system based on usage [net\vork optimization algorithm with a goa! of modification based on the loadj, para 
0052, para 0016 [optimization]). Furthem1ore, defining a specific position or component for the algorithm would have been a matter of 
design choice. Therefore, it would have been obvious to one oi ordinary skill in the art al the time of the invention to incorporate the 
network optimization algorithm in the invention of Lemson for the purpose of dynamic-any reconfiguring the system (modification) to balance 
the load.(lemson. para 0051, abstract}. 
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Claims 2-4 lack an inventive step under PCT Article 33(3) as being obvious over lemson and in view of Yoshida. 

Regarding claims 2 and 3, lemson lacks the teaching \lv11erein the Base Transceiver Station comprises a plurality of smaii celis. However. 
Lemson teaches a bas., transceover station comprising a cell (a user can be located in a BTS cell, para 0049). Yoshida is in the fie!d of 
base testing for use in testing an active base transceiver.station (abstract) and teaches wherein the Base Transceiver station comprises a 
pluraiity of small cells (BTS has a cell divided into three or six sectors [cover different areas]. para 0003, BTS2 is divided into six sectors, 
para 0039, see fig. 1 [each base station has 3 independent radio resources known as sectors, para 0027]}. Therefore, it wouid have been 
obvious to one of ordinary skill in the art at the time of the invention to use the teachings of Yoshida to incorporate the sec!ors in the 
invention of Lemson for the purpose of repeatedly utilizing the same radio wave resources in a plurality of the BTS and accommodate a 
great number of subscribers in each BTS (Yoshida, para 0003). 

Regarding claim 4, L.emson teaches wherein the wherein the network optimization goal comprises a percentage of users associated with 
each of a piura!ity of DRUs (DAU Monitoring module {each DAU has one module so DAU1 and DAU2 have the modules so plurality of 
monitoring modules] determining and setting the appropriate amount of radio resources, para 0051, see fig. 7; wherein the module controls 
the downlink ioad of carrier based on percentage [of users as the usage of the RR Us] of carrier and in the RRU"s corresponding coverage 
area, para 0052). Lemson lacks lhe teaching of plurality of sectors. Yoshida teaches wherein the Base Transceiver station comprises a 
p!ura!ity of small cells (BTS has a cell divided into three or six sectors [cover different areas], para 0003, BTS2 is divided into six sectors, 
para 0039, see fig. 1 [each base station has 3 independent radio resources known as sectors, para 0027]). Therefore. it wou!d have been 
obvious to one of ordinary skm in the a;t at the time of the invention to use the teac.'1ings of Yoshida to incorporate the sectors in the 
invention of Lemson for the purpose of repeatedly utilizing the same radio wave resources in a plurality of the BTS and accommodate a 
great number of subscribers in each BTS (Yoshida, para 0003). 

Claims 16, 19 lack an invenlive step under PCT Article 33(3} as being obvious over Lemson and in view of Stapleton et al., hereinafter 
referred to as Stapleton. 

Regarding claim 16, Lamson lacks the teaching wherein the DRUs are connected to the DAUs in a star configuration. Stapleton is in the 
field of daisy-chained ring of remote units for a disilibuted antenna system {title, abstract) and teaches wherein the DRUs are connected to 
the DAUs in a star configuration (DAU t:'.Otipled to DR Us 125A-125C arranged in a ring configuration, para 0029, see fig. 1 ). Furthermore, 
defining a specific configuration for communication was well known in the art and the specifics would have been a matter of design choice. 
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the invention to use the teachings of Stapleton to 
inco;porate the configuration of the DRUs in the invention of Lemson for the purpose of connecting in a ring configuration fault tolerance is 
built into the system resulting in high availability (Stapleton, para 0009). 

Regarding claim 19, Lemson lacks the teaching wherein a single DAU port is connected to a plurality of Base Transceiver Stations. 
Stapleton teaches wherein a single DAU port ls connected to a plurality of Base Transceiver Stations (RF input signa!s 120A through i 20N 
are received at the DAU 105 from one or more Base Station units (BTS) at 11 OA through 110p. para 00029, see fig. 1 ). Therefore, it would 
have been obvious to one of ordinary skill in t'1e art at the time of the inventmn to use the teachings of Stapleton to incorporate !he single 
DAU to multiple BTSs in the invention of Lemson for the purpose of delivering parallel data streams to different DRUs {Stapleton, para 
0029}. 

Claims 1-19 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can be 
made or used in industry. 
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Box No. I Basis of this opinion 

I. With regard to the language, this opinion has been established on the basis of 

!XI 
□ 

2. □ 

the international application in the languagc, in which it was filed. 

a translation of the international application into ______________ which is the language of a 
translation furnished for the purposes of international search (Rules 12.J(a) and 23. l (h )). 

This opinion has been established taking into ·account the rectification of an obvious mistake authorized by or noli tied 
to this Authority under Rule 9l {Rule 43bis l(a)} 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, !his c•pinion has been 
established on the basis of a sequence listing filed or furnished: 

a. (means) 

□ 
□ 

on paper 

in electronic form 

b. (time) 

D in the international application as filed 

0 together with the international application in electronic form 

D subsequently to this Authority for the purposes of search 

4. □ ln addition. in rhe case that more than one version or copy ofa sequence listing has been filed or furnished. the required 
statements that the information in the subsequent or additional copies is idemical to that in the application as filed <:H. 

does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 
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! Statement 

Novelty (N) 

Inventive step (IS) 

industrial applicability (IA) 

2. Citations and explanations: 

Claims 

Claims 

Claims 

Claims 

Claims 

Claims 

2--4:6, 8, 12, 14, 19 

1, 5, 7, 9--11, 13-15, 17, 18 

None 

1-19 

1-19 

None 

YES 

No· 

YES 

NO 

YES 

NO 

Claims 1, 5, 7, 9-11, 13-15, 17, 18 !ack novelty under PCT Article 33{2) as being anticipated by Lamson et al., hereinafter referred to as 
Lemson. 

Regarding ciaim 1, Lamson discloses a system for dynamically routing signals in a Distributed Antenna System (Distributed Antenna 
system, abstract; Flexibie Simulcast suppo,ts dynamic andior manual rean-angement !rerouting signals] of which specific RRU are 
involved in signal combinlng process, para 0039}, the system comprising: a plurality of Digital Access units (DAUs). wherein the plurdliiy of 
DAUs are coupled and operable to route signa!s between the plurality of DAUs {DAU1 [101] and DAU2 [102] [plurality oi DAUsJ are 
coupled and operable to route signals between them using bidirectional optical cable i 13, para 0030, see.fig. 1 ); a plurality of Digital 
Remote Units (DRUs) coupled to the piurality oi DAUs (RRU1 [here RRU is the DRU of the inventor specification] and RRU2 are coupled 
to DAU'!, RRU3, RRU4 are coupled to DAU2, see fig. 1, para 0030) and operable to transport signals bef:Neen DRUs and DAUs {one 
signal from DAU1 is fed to RRU1, RRU2 is fed by sec.,ond optic..a! port via b;d;rectionai optical cable 114 to RRU2, para 0030, see fig. 1; 
RRU3 is coupled to RRU4 via optical cable i 15, para 0031, see fig. i jwhere RRU3 is fed by DAU2]); a plurality of Base Transceiver 
Stations (8TS ) {Composite downlink input signal 107 from a base station enters DAU1 at !he DAU1 RF input port. a second composite 
downlink input signal from a 'second base station [multiple BTSs} en!ers DAU2 at the DAU2 RF input port, para 0030. see fig. i; base 
transceiver station, para 0049); a pluraiit'f of traffic monitoring moouies {DAU Monitoring module [each DAU has one module so DAU1 and 
DAU2 have the modules so plurality of monitoring modules] determining and setting the appropriate amount of radio resources, para 005,1. 
see fig. 7); and a network optimization goa! and optimization algorithm (an algorithm operating within the DAU monitoring module detects 
which cariiers and corresponding time slots for each car1ier are active for each RRU and control modification of system based on usage 
[nelwork optimization algorithm with a goal of modification based on the load], para 0052, para 0016 [optimization]}. 

Regarding claim 5, Lemson discloses a system for dynamically routing signals in a Distributed Antem1a System (Distributed Antenna 
system, abstract; Flexible Simuicast supports dynamic and/or manual rearrangement [rerouting signals] of which specific RRU are 
involved in signal combining process, para 0039}, the system comprising: a plura!i!y of Digital Access units (DAUs), wherein the plurality of 
DAUs are coup!ed and operable to route signals between the plurality of DAUs (DAU1 [101] and DAU2 [102] [piurality of DAUsJ are 
coupled and operable to route signals betv;een them using bidirectionai optical cable 113. para 0030, see fig. 1 ); a plurality of Digital 
Remote Units {DRUs) coupled to the plurality of DAUs (RRU1 [here RRU is the DRU of the inventor specification) and RRU2 are coupled 
to DAU1, RRU3, RRU•l are coupled to DAU2, see fig. 1, para 0030) and operable to lransport signals between DRUs and DAUs (one 
signal from DAU1 is fed to RRU1. RRU2 is fed by second optieol port via bidirectional optical cable 114 to RRU2. para 0030, see fig. 1; ' 
RRU3 is coup!ed to RRU4 via optical cable 115. para 0031, see fig. 1 [11vhere RRU3 is fod by DAU2l}; one or more Base Transceiver 
Stations (BTSs) (Composite downlink input signal ·107 from a base station enters DAU1 at the DAU1 RF lnput port, a second composite 
downlink input signal from a second base station [multiple 8TSs] emers DAU2 at the DAU2 RF input port, para 0030, see fig. 1; base 
transceiver station, para 0049); and one or more traffic monitoring units (DAU Monitoring module [each DAU has·one module so DAU1 
and D,(l,U2 have the modules so pluraiit'f of monitoring modules] determining and setting the appropriate amount of radio resources, para 
0051, see fig. i'j. · 

Regarding claim 7, Lemsori teaches wherein the one or more traffic monitoring units c-.omprise a plura!ity of traffic monitoring units each 
provided as a component of each oi the plurality of DAUs (DAU Monitoring module [each DAU has one module so DAU1 and DAU2 have 
!he modules so plurality of monitoring modules] determining and setting the appropriate amount of radio resources, para 005 i, see fig. 7 
jthe module is internal to the DAU so component of the DAU]). 

Fom1 PCT!iSA/237 (Box No V) (July 201 l) 



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Supplemental Box 

In case the space in any of the preceding boxes is not suilident. 
Continuation of 

PCT/US2013/052206 31.10.2013 

lntemationai application No. 

PCT /US20i 31052206 

Regarding claim 9, ·Lemson teaches wherein the one or more traffic monitoring units comprise a plurality of traffic monitoring units each 
provided as a component of each of the plurality of DRUs (RRU management controi module !internal or component of the DRU] sets the 
individual parameters of the RRU digital up converters to enable or disable specific tadio resources [traffic control), para 0051, 0052). 

Regarding claim 10, Lemson teaches wherein the one or more traffic monitoring units is external to the plurality of BTSs and coupled to 
each of the plurality of BTSs (DAU Monitoring module [each DAU has one module so DAU1 and DAlJ2 have the modules so plurality of 
monitoring modules] determining and setting the appropriate amount of radio resources. para 0051, see fig. 7; wherein the DAU are 
connected to !he BTS, see fig. 1 [externai to the BTSs]). 

Regarding claim 11. Lemson teaches a net>.vork optimization processor coupled to the traffic monitoring unit (a network operations center 
(NOC} c.oupled to the DAU [which has the internal monitoring unit] which reqllests and identifies the BTS where the user has placed the 
ca!I and asks DAU to determine the radio signature, para 0049). 

Regarding claim 13, Lemson teaches wherein the plurality of DAUs are coupled via at least one of Ethernet cable, Optic..a! Fiber {DAU1 
and DAU2 are coupled using a bidirectional optical cable 113, para 0030, see fig. 1 ), Microwave line of Sight Link, Wireless link, or 
Satellite Link. 

Regarding claim 14. Lemson leaches wherein the plurality of DAUs are coupled to the plurality of DRUs via at leas! one of Ethernet cable, 
Optical Fiber (DAU, uses an optical port [optical fiber] to feed RRU1 and RRU1 is connected to RRU2 by bidirectional opt;cal cabie, para 
0030, see fig. 1 ), Microwave Line of Sight Link, Wireless Unk. or Satellite Link. 

Regarding claim 15, Lemson teaches wherein the DRUs are connected in a daisy chain configuration {Optic.al cable 114 performs the 
function of daisy chaining RRU2 with RRU1, para 0030, see fig. 1). 

Regarding claim 17, lemson teaches wherein the DAUs are connected to the BTSs via at least one of a Ethernet cable, Optical Fiber, 
Microwave Line of Sight Link {BTS signal is fed to the DAU via a RF input port where the RF signals are received from BTS, para 0030}, 
Wireless Link, or Satellite Link. 

Regarding claim 18. Lemson teaches \·vhemin the DRUs are connected in a loop to a plurality of DAUs (DAU is coupled to a daisy chain of 
RRUs and in a loop, para 0030, see fig. 1 ). 

Claims 6, 8, 12 lack an inventive step under PCT Article 33(3) as being obvious over Lemson. 

Regarding claims 6 and 8, Lemson lacks t'ie teaching wherein the one or more traffic monitoring units is external to the plurality of DAUs 
and coupled to each of the piura!ity of DAUs. However, Lemson teaches wherein the one or more traffic monitoring units is internal to the 
plurality of DAUs and coupled to each of the plurality of DAUs (DAU Monitoring module [each DAU has one module so DAU1 and DAU2 
have the modules so plurality of monitoring modules] determining and setting the appropriate amount of radio resources, para 0051, see 
fig. 7). Further, lernson teaches a network Operation center which controls operation and assignment of users to the corresponding si:s 
external to the DAU and coupled to the DAU (Net\vork Operation Center (NOC) via external modem to DAU, para 0049. see fig. 5}. 
Furthermore, defining a structural component with same functions to be internal or external would have been a matter of design choice. 
Therefore, it wouid have been obvious to one of ordinary ski!! in the art at the lime of the invenlioh to incorporate the traffic monitoring uni! 
in the invention of Lernson for the purpose of dynarniC'.al!y reconfiguring the system (modification} to baiance the load (Lemson, para 0051, 
abstract). 

Regarding claim 12, Lemson ,acks the teaching wherein the network optimization processor c.omprises an optimization algorithm, which 
optionally includes an optimization goal. However. Lemson teaches a network optimization goai and optimization aigorithm {an aigorithm 
operating within the DAU monitoring module detects which carriers and corresponding time slots for each carrier are active for each RRU 
and control modification of system based on usage [net\vork optimization algorithm with a goa! of modification based on the loadj, para 
0052, para 0016 [optimization]). Furthem1ore, defining a specific position or component for the algorithm would have been a matter of 
design choice. Therefore, it would have been obvious to one oi ordinary skill in the art al the time of the invention to incorporate the 
network optimization algorithm in the invention of Lemson for the purpose of dynamic-any reconfiguring the system (modification) to balance 
the load.(lemson. para 0051, abstract}. 
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Claims 2-4 lack an inventive step under PCT Article 33(3) as being obvious over lemson and in view of Yoshida. 

Regarding claims 2 and 3, lemson lacks the teaching \lv11erein the Base Transceiver Station comprises a plurality of smaii celis. However. 
Lemson teaches a bas., transceover station comprising a cell (a user can be located in a BTS cell, para 0049). Yoshida is in the fie!d of 
base testing for use in testing an active base transceiver.station (abstract) and teaches wherein the Base Transceiver station comprises a 
pluraiity of small cells (BTS has a cell divided into three or six sectors [cover different areas]. para 0003, BTS2 is divided into six sectors, 
para 0039, see fig. 1 [each base station has 3 independent radio resources known as sectors, para 0027]}. Therefore, it wouid have been 
obvious to one of ordinary skill in the art at the time of the invention to use the teachings of Yoshida to incorporate the sec!ors in the 
invention of Lemson for the purpose of repeatedly utilizing the same radio wave resources in a plurality of the BTS and accommodate a 
great number of subscribers in each BTS (Yoshida, para 0003). 

Regarding claim 4, L.emson teaches wherein the wherein the network optimization goal comprises a percentage of users associated with 
each of a piura!ity of DRUs (DAU Monitoring module {each DAU has one module so DAU1 and DAU2 have the modules so plurality of 
monitoring modules] determining and setting the appropriate amount of radio resources, para 0051, see fig. 7; wherein the module controls 
the downlink ioad of carrier based on percentage [of users as the usage of the RR Us] of carrier and in the RRU"s corresponding coverage 
area, para 0052). Lemson lacks lhe teaching of plurality of sectors. Yoshida teaches wherein the Base Transceiver station comprises a 
p!ura!ity of small cells (BTS has a cell divided into three or six sectors [cover different areas], para 0003, BTS2 is divided into six sectors, 
para 0039, see fig. 1 [each base station has 3 independent radio resources known as sectors, para 0027]). Therefore. it wou!d have been 
obvious to one of ordinary skm in the a;t at the time of the invention to use the teac.'1ings of Yoshida to incorporate the sectors in the 
invention of Lemson for the purpose of repeatedly utilizing the same radio wave resources in a plurality of the BTS and accommodate a 
great number of subscribers in each BTS (Yoshida, para 0003). 

Claims 16, 19 lack an invenlive step under PCT Article 33(3} as being obvious over Lemson and in view of Stapleton et al., hereinafter 
referred to as Stapleton. 

Regarding claim 16, Lamson lacks the teaching wherein the DRUs are connected to the DAUs in a star configuration. Stapleton is in the 
field of daisy-chained ring of remote units for a disilibuted antenna system {title, abstract) and teaches wherein the DRUs are connected to 
the DAUs in a star configuration (DAU t:'.Otipled to DR Us 125A-125C arranged in a ring configuration, para 0029, see fig. 1 ). Furthermore, 
defining a specific configuration for communication was well known in the art and the specifics would have been a matter of design choice. 
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the invention to use the teachings of Stapleton to 
inco;porate the configuration of the DRUs in the invention of Lemson for the purpose of connecting in a ring configuration fault tolerance is 
built into the system resulting in high availability (Stapleton, para 0009). 

Regarding claim 19, Lemson lacks the teaching wherein a single DAU port is connected to a plurality of Base Transceiver Stations. 
Stapleton teaches wherein a single DAU port ls connected to a plurality of Base Transceiver Stations (RF input signa!s 120A through i 20N 
are received at the DAU 105 from one or more Base Station units (BTS) at 11 OA through 110p. para 00029, see fig. 1 ). Therefore, it would 
have been obvious to one of ordinary skill in t'1e art at the time of the inventmn to use the teachings of Stapleton to incorporate !he single 
DAU to multiple BTSs in the invention of Lemson for the purpose of delivering parallel data streams to different DRUs {Stapleton, para 
0029}. 

Claims 1-19 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can be 
made or used in industry. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re the Application of: Shawn Patrick Stapleton 

Application No.: 16/661,368 

Filed: October 23, 2019 

Atty. File No.: 10333-41-CON 

~ Group Art Unit: 2646 

~ Examiner: SAMS, MATTHEW C 

~ Confirmation No.: 6065 

) 
) 

For: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

Dear Commissioner: 

Applicant submits this Comments on Statement of Reasons for Allowance to address the 

Notice of Allowability ("Notice") having a mailing date of April 9, 2020. 

In the Notice, the Examiner's stated reasons for allowance were that: 

Applicant's independent claim 1 recites, inter alia, a system comprising one 
or more Digital Access Units (DAUs) operable to receive at least one signal from 
at least one of a first signal source and a second signal source from one or more of 
a plurality of signal sources, each DAU of the one or more DA Us including an 
input port configured as an uplink/downlink port and an output port configured as 
an uplink/downlink port; 

one or more Digital Remote Units (DRUs) connectable to the one or more 
DA Us and operable to transport signals between one or more of the one or more 
DRUs and the one or more DAUs; 

a plurality of radio resources formed from the one or more DURs 
comprising a first radio resource and a second radio resource different from the 
first radio resource, each radio resource comprising a subset of the plurality of 
DRUs; and 

a traffic monitoring unit coupled to at least one of the DA Us, wherein the 
traffic monitoring unit is configured to determine one or more of: one or more key 
performance indicators (KPis) and/or a quality of service (QOS) of a network 

1 Attorney Docket No.: 10333-41-CON 



traffic for the one or more DA Us, wherein the QoS is a function of the one or 
more KPis and reconfigure the plurality of radio resources based on one or more 
of the one or more KPis and/or the QoS by allocating at least one DRU from the 
first radio resource to the second radio resource. 

The closest prior arts ofrecord are: 
Lee et al. (US-2013/0128810) which differs from the claimed invention by 

not explicitly reciting the traffic monitoring unit is configured to determine one or 
more of: one or more key performance indicators (KPis) and/or a quality of 
service (QOS) of a network traffic for the one or more DAUs, wherein the QoS is 
a function of the one or more KPis and reconfigure the plurality of radio resources 
based on one or more of the one or more KPis and/or the QoS by allocating at 
least one DRU from the first radio resource to the second radio resource. 

Trigui et al. (US-8,498,207) discloses the ability to provide dynamic load 
balancing in a cellular network, but differs from the claimed invention by not 
explicitly reciting each DAU of the one or more DA Us including an input port 
configured as an uplink/downlink port and an output port configured as an 
uplink/downlink port. 

Kummetz et al. (US-2010/0278530) provides for a distributed antenna 
system for wireless network systems (Abstract) that includes DAUs [0031] 
"Master Units" and DRUs [0031] "Remote Units", but differs from the claimed 
invention by not explicitly reciting each DAU of the one or more DA Us including 
an input port configured as an uplink/downlink port and an output port configured 
as an uplink/downlink port and that the traffic monitoring unit is configured to 
determine one or more of: one or more key performance indicators (KPis) and/or 
a quality of service (QOS) of a network traffic for the one or more DAUs, 
wherein the QoS is a function of the one or more KPis and reconfigure the 
plurality of radio resources based on one or more of the one or more KPis and/or 
the QoS by allocating at least one DRU from the first radio resource to the second 
radio resource. 

Applicant's claims recite a particular combination that is neither taught 
nor suggested by the prior art and are allowed for these reasons and the reasons 
stated by the Applicant in the response dated 3/30/2020. 

Applicant acknowledges Examiner's statements of Reasons for Allowance and agrees 

that the claimed subject matter is patentable. However, Applicant takes no position regarding the 

Reasons for Allowance presented by the Examiner other than the positions Applicant may have 

previously taken during prosecution. Therefore, the Reasons for Allowance should not be 

attributed to Applicant for any reason or as an indication of the bases for Applicant's belief that 

the claims are patentable. Furthermore, Applicant respectfully asserts that there may be 

additional or alternative reasons for patentability of the claimed subject matter not explicitly 

stated in this record and Applicant does not waive its rights to such arguments by not further 

addressing such reasons herein. 
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While the stated Reasons for Allowance may be a stated reason for allowing some 

independent claims, Applicant submits that some independent claims may have a different 

reason for allowance and that some independent claims may have other reasons for allowance. 

Specifically, the prior art fails to teach the specific combination of features as recited in 

the independent claims 1 and 10. 

Although the Applicant believes that no fees are due for filing this Comments on 

Statement of Reasons for Allowance, please charge any fees deemed necessary to Deposit 

Account No. 19-1970. 

Date: July 6, 2020 

Respectfully submitted, 

SHERIDAN ROSS P.C. 

By: 

3 

/Jason H. Vick/ 
Jason H. Vick, 
Reg. No. 45,285 
1560 Broadway, Suite 1200 
Denver, Colorado 80202 
Telephone: 303-863-9700 
jvick@.sheridanross.com 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re the Application of: Shawn Patrick Stapleton 

Application No.: 16/661,368 

Filed: October 23, 2019 

Atty. File No.: 10333-41-CON 

~ Group Art Unit: 2646 

~ Examiner: SAMS, MATTHEW C 

~ Confirmation No.: 6065 

) 
) 

For: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

AMENDMENT AFTER ALLOWANCE UNDER 
37 C.F.R. 1.312 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Commissioner: 

Applicants submit this Amendment After Allowance pursuant to 37 C.F.R. 1.312 in 

response to the Notice of Allowance having a mailing date of April 9, 2020. While Applicants 

believe that no fees are due with the filing of this response, the undersigned hereby authorizes 

the charge of any fees deemed necessary to Deposit Account No. 19-1970. 

An amendment may be entered after the mailing of a Notice of Allowance but prior to 

payment of the issue fee upon recommendation of the primary Examiner. Therefore, it is 

respectfully requested that the above-referenced application be amended as follows: 

Amendments to the Specification begin on page 2 of this paper. 

Remarks begin on page 3 of this paper. 
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AMENDMENTS TO THE SPECIFICATION 

Please amend the first paragraph of the application beneath the heading "CROSS­

REFERENCE TO RELATED APPLICATIONS": 

[0001] This application is a continuation of pending U.S. Patent Application No. 

13/950,160 filed July 24, 2013, novv 1J.S. Patent No. 10,506,454, entitled "OPTIMIZATION OF 

TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM", which application claims 

priority to U.S. Provisional Patent Application No. 61/678,016, filed on July 31, 2012, entitled 

"OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM". The 

aforementioned applications are incorporated herein by reference, in their entirety, for any 

purpose. 
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REMARKS 

By this amendment, the Cross-Reference to Related Applications has been updated. No 

new matter is believed to be introduced by this amendment. 

The Commissioner is hereby authorized to charge to deposit account number 19-1970 

any fees under 3 7 CFR § 1.16 and 1.17 that may be required by this paper and to credit any 

overpayment to that Account. If any extension of time is required in connection with the filing 

of this paper and has not been separately requested, such extension is hereby petitioned. 

Date: July 6, 2020 

Respectfully submitted, 

SHERIDAN ROSS P.C. 

By: /Jason H. Vick/ 
Jason H. Vick 
Reg. No. 45,285 
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1560 Broadway, Suite 1200 
Denver, Colorado 80202 
Telephone: 303-863-9700 
jvick(a;sheridanross.com 
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IN THE UNITED ST A TES PA TENT AND TRADEMARK OFFICE 

In Re the Application of: 

Shawn Patrick Stapleton 

Serial No.: 16/661,368 

Filed: October 23, 2019 

Atty File No .. 10333-41-CON 

Entitled: "OPTIMIZATION OF TRAFFIC 
LOAD IN A DISTRIBUTED ANTENNA 
SYSTEM" 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Commissioner: 

) Group Art Unit: 2646 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Confirmation No.: 6065 

Examiner: Sarns, Matthew C 

INFORMATION DISCLOSURE 
STATEMENT 

Electronically Submitted 

The references cited on attached Form PTO-1449 are being called to the attention of the 

Examiner. 

IXl Copies of the cited non-patent and/or foreign references are enclosed herewith. 

D Copies of the cited U.S. patents and/or patent applications are enclosed herewith. 

IXl Copies of the cited l.J.S. patents/unpublished patent applications/patent application 

publications are not enclosed in accordance with 37 C.F.R. § 1.98(a). 

D Copies of the cited references are not enclosed, in accordance with 3 7 C .F .R. § 1. 98( d), 

because the references were cited by or submitted to the U.S. Patent and Trademark Office in 

prior application Serial No. _____ filed _______ , which is relied upon for an 

earlier filing date under 35 U.S.C. § 120. 

IXl To the best of applicants' belief the pertinence of the foreign-language references are 

believed to be summarized in the attached English translation/abstracts and/or in the figures, 

although applicants do not necessarily vouch for the accuracy of the translation. 

IXl Examiner's attention is drawn to the following related applications: 

• Serial No. 13/950 160 filed July 24. 2013 US Patent No. 10.506.454 (Attorney Ref 

No. 10333-41) 

1 



L?sJ Other: DAU WIRELESS INC. v. CORNING OPTICAL COMMUNICATIONS LLC: 

U.S. District Court, for the Western District of North Carolina; Civil Action No. 3: l 9-cv-

00714 

Submission of the above infonnation is not intended as an admission that any item is 

citable under the statutes or rules to support a rejection, that any item disclosed represents 

analogous art, or that those skilled in the art would refer to or recognize the pertinence of any 

reference \vithout the benefit of hindsight, nor should an inference be drawn as to the pertinence 

of the references based on the order in which they are presented. Submission of this statement 

should not be taken as an indication that a search has been conducted, or that no better art exists. 

Date: Julv 6 2020 

Respectfully submitted, 

SHERIDAN ROSS P.C. 

By: __ /._fa_.s_o_n_l-_I_. \_T_ic_k_/ _______ _ 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re the Application of: Shawn Patrick Stapleton 

Application No.: 16/661,368 

~ Group Art Unit: 2646 

~ Examiner: SAMS, MATTHEW C 

Filed: October 23, 2019 

Atty. File No.: 10333-41-CON 

~ Confirmation No.: 6065 

) 
) 

For: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

SUBMISSION OF CORRECTED APPLICATION DATA SHEET 

Dear Commissioner: 

Attached herewith is a Corrected Application Data Sheet updating the 

Assignee/ Applicant in the referenced application. 

The Commissioner is hereby authorized to charge to Deposit Account No. 19-1970 for 

any fees under 37 C.F.R. §§ 1.16 and 1.17 that may be required by this paper and to credit any 

overpayment to that Account. If any extension of time is required in connection with the filing 

of this paper and has not been separately requested, such extension is hereby Petitioned. 

Date: July 2, 2020 

Respectfully submitted, 

SHERIDAN ROSS P.C. 

By: /Jason H. Vick/ 
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Jason H. Vick 
Registration No. 45,285 
1560 Broadway, Suite 1200 
Denver, Colorado 80202-5141 
(303) 863-9700 
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Attorney Docket Number p2g;,i7JQ.blg_gJ ~b)l,AI rnJg ~1 1 0333-41-CON 
Application Data Sheet 37 CFR 1. 76 

Application Number 16/661,368 

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DiSTRIBUTED ANTENNA SYSTEM 

The application data sheet is part of the provisional or nor.provisional application for wt1ich it is being sutJmitted The following form contains tt1e 
bitJliogrnpt;ic data arranged in a format specified tiy the United States Patent and Trademark Office as outlined in 37 CFR 1.76 
This document may tie completed electronically and sutJmitted to the Office in electronic format using the Electronic Filing System (EFS) or tt1e 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of tile application associated with tllis Application Data Sheet may fall under a Secrecy Order pursuant to 
· 37 CFR 5.2 (Paper filers only. Applications U1at fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 ! RiM\iiiti l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Shawn Patrick Stapieton 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Miiitary Service 

City Burnaby !Country of Residence i 
I 

lcA 

Mailing Address of Inventor: 

Address 1 MAPLES CORPORATE SERVICES LIMITED 

Address 2 P.O. Box 309; Ugiand House, South Cllurch Street 

City I George Town, Grand Cayman I State/Provi nee I 
Postal Code I KY1-1104 ! Countryi I KY 

Inventor 2 [ R~~m~0.f J 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Seyed Amin Hejazi 

Residence Information (Select One) 0 US Residency ® Non US Residency 0 Active US Miiitary Service 

City Burnaby lcountry of Residence i jcA 
I 

Mailing Address of Inventor: 

Address 1 MAPLES CORPORATE SERVICES LIMITED 

Address 2 P.O. Box 309, Ugiand House, South Church Street 

City I George Town, Grand Cayman I State/Provi nee I 
Postal Code I KY1-1104 I Countryi I KY 

All Inventors Must Be Listed - Additional Inventor lnfonnation blocks may be !t i~~i ti generated within U1is form by selecting the Add button. 

Correspondence Information: 

EFS Web 2.2.13 
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Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number ~~7-W.-61-a- . .Q.g.(&W :1-.Q.W '+t 1 0333-41-CON 

Application Number 16/661,368 

Title of Invention OPTIMIZATiON OF TRAFFIC LOAD IN A D!STRIBUTED ANTENNA SYSTEM 

Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

□ An Address is being provided for the correspondence Information of this application. 

Customer Number 2--7.Q.7.€i. 167137 

Email Address jvick@sheridanross.com I ! iijij l.@\jijjj ti l@@ifot@§ll!@I 

Application Information: 

Title of the Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Attorney Docket Number ~~-7-d-G _JJ.g._ Q.g ;:-i;w;..-i :j.Q.g-Q. 4-t I Small Entity Status Claimed ~ 
Application Type Nonprovlsional 

'I U::1:5::1-4 ·1-Gu1'-J 

Subject Matter Utiiity 

Total Number of Drawing Sheets (if any) I 11 I Suggested Figure for Publication {if any) I 

Filing By Reference: 
Only complete this section when filing an appiication by reference under 35 U.S.C. 111 (c) and 37 CF-R l .57(a). Do not complete this section if 
appllcation papE,rs including a spE,cification and any drawings are being fiiE,d. Any domestic b,,ne,fit or fore,ign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

F-or the purposes of a filing date under 37 cm 1.53(b), the description and any drawings of the present application are replaced by this 
refere,nce, to the pr.,viously fiiE;d application, subject !o conditions and rE;quire,m-,nts of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DDJ Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attact1ed application not be published under 

□ 
35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative Information should be provided for all practitioners having a power of attorney In the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 

j_ 

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: @ Customer Number I 0 US Patent Practitioner I 0 Limited Recognition (37 CFR 11.9) 

Customer Number ~ 167137 
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U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
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Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number ~&~7-W.-61-a..fl.~ (.Q.W 4-fl.W 4-1 1 0333-41-CON 

Application Number 16/661.368 

Title of Invention OPTIMIZATiON OF TRAFFIC LOAD IN A D!STRIBUTED ANTENNA SYSTEM 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in H1e Application Data St1eet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
Wl'len referring to the current application, please leave Hie "Application Number" field blank. 

Prior Application Status Pending !RW~iMml 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

Continuation of 13950160 2013-07-24 

Prior Application Status Expired [IM@iM~ 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

13950160 Claims benefit of provisionai 61678016 2012-07-31 

Additional Domestic Benefit/National Stage Data may be generated wiU1in U1is form 
by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in tile application data slleet 

constitutes tile claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligibie for retrieval under tile priority document excllange program (PDX)i tile information wi!! be used by tile Office to 

automatically attempt retrievai pursuant to 37 CFR 1.55(i)(1) and (2). Under t~1e POX program, applicant bears t~1e uitimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectuai 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1). 

[IM@iM~ 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

Additional Forei~Jn Priority Data may be generated within tt1is form by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

Tt1is application (1) claims priority to or U1e benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under H1e first inventor to file provisions of H1e AIA 
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Approved for use through 11/30/2020. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number ~~7-W.-61-a- . .Q.g.(&W :1-.Q.W '+t 10333-41-CON 
Application Data Sheet 37 CFR 1. 76 

Application Number 16/661,368 

Title of Invention OPTIMIZATiON OF TRAFFIC LOAD IN A D!STRIBUTED ANTENNA SYSTEM 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an auU1orization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

!\.!_Q_It;: This section of the Application Data Sheet is QN_LY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data St1eet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned t1ereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
Ct1ina (SIPO), the World Intellectual Property Organization (WIPO), and any 0U1er foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to U1e instant patent application is filed, access to: (1) tt1e instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliograpt1ic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(t1) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, 
the undersigned t1ereby grants the USPTO authority to provide U1e EPO access to the bibliograpt1ic data and searct1 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that U1e EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
tt1e instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. lftt1is box is checked, U1e USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B, Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is othervvise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Attorney Docket Number P282739.US.03 (DW-1039-1) 1 033-41-CON 
Application Data Sheet 37 CFR 1. 76 

Application Number 16/661,368 

Title of Invention OPTIMIZATiON OF TRAFFIC LOAD IN A D!STRIBUTED ANTENNA SYSTEM 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 .45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
143; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

tt @j~@ ?I 
@ Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

"' Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest u 
I 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
If tt1e Applicant is an Organization ct1eck here. ~ 
Organization Name 

I Ga:: &y-st:ems--Ge-. Ye-. DALI WIRELESS. INC. 

Mailing Address Information For Applicant: 

Address 1 M~;;i.s -G e+fl9➔-a-t:0- ~¥-i-w& :..-ifl"49fl 535 MIDDLEFIELD ROAD 

Address 2 .P.G-. .ge*.J.Q.Q., Y§la-RG -ia¾l-1:-l-6<3-, -&94:HA- G-l:t1:i-i41 ~FS~ SU!TE 280 

City MENLO PARf Gee~§9 +8',¥R, GFaRE! Ga)'R'li:!l"l State/Province CA 

Country I K¥- us Postal Code K¥i 1rn4 94025 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button" 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 

EFS\/Veb2.2.13 

I 
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Approved for use through 11/30/2020. 0MB 0651--0032 

U.S. Patent and Trademark Oilice; U.S. DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995. no persons are requireti to respond to a coilection of information unless it contains a valid 0MB control number. 

Attorney Docket Number P282739.US.03 (DW-1039-1) 10333-41-CON 
Application Data Sheet 37 CFR 1. 76 

Application Number 16/661,368 

Title of Invention OPTIMIZATiON OF TRAFFIC LOAD IN A D!STRIBUTED ANTENNA SYSTEM 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be inciuded on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an appiicant For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 
Organization Name 

I Qali gystsm£ ~e. bi,EL DALI WIRELESS, INC. 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 Ma~:@£ GeFrerai,s ;,'i;sl'\li;;es bimitei:l 535 MIDDLEFIELD ROAD 

Address 2 P..-G. ~ W-9-, -61§-1-a!¾l-Fl-oo&e, .goo:-l:t-Gl--i-1:-J-FGR ~m<l-t SUITE 280 

City MENLO PARK I Gser~@ T9WA, GFaAEi GayFflaA State/Province CA 

Countryi I K¥ us Postal Code K¥1 ~rn4 94025 

Pt1one Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting tt1e Add button. 

Signature: 
NOTE: Tt1is Application Data St1eet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet _m_y~j; be signed by a patent practitioner if one or more of tt1e applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, ~Jj_joint inventors wt10 are the applicant, or one or more joint inventor-applicants wt10 t1ave been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of al! joint inventor-applicants. 

See 37 CFR 1.4(d) for U1e manner of making signatures and certifications. 

Signature /Jason H. Vick/ Date (YYYY-MM-DD) 2020-07-02 

First Name Jason H. I Last Name I Vick Registration Number 45285 

Additional Signature may be generated within U1is form by selecting the Add button. 
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Attorney Docket Number P282739.US.03 (DW-1039-1) 10333-41-CON 
Application Data Sheet 37 CFR 1. 76 

Application Number 16/661.368 

Title of Invention OPTIMIZATiON OF TRAFFIC LOAD IN A D!STRIBUTED ANTENNA SYSTEM 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to fiie (and by tile USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14 This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed appiication data 
sheet form to tile USPTO. Time wili vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (PL 93-579) requires that you be given certain information in connection with your submission of the attached fmrn related to a patent 
application or patent. Accordingly. pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.5,C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Of11ce may not be able to process andior examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidentialiy to the extent allowed under the Freedom of lnfo,rnation Act (5 IJ.5.C. 552) and the Privacy 
Act (5 U.S,C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, ma9istrate, or administrative 
tribunal, including disclosures to opposin9 counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submittin9 a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record, 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency havin9 need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements ofthe Privacy Act of 1974, as amended, pursuant to 5 IJ.S.C. 
552a(m). 

5. A record related to an International Application iiled under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the international Bureau of the World intellectual Property Organization, pursuant to the Patent CooperationTreaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal a9ency for purposes of l,ational Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Ener~w Act (42 U.5,C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee. durin9 an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 IJ.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA re9ulations governing inspection of 
records for this purpose. and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 IJ.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1, 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedin9s were terminated and which application is 
referer1eed by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the IJSPTO becomes 
aware of a violation or potential violation of law or re9ulation. 
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Approved for use ihrough 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a co!lection of information un!ess it disp!ays a vaiid 0MB rnntroi number. 

STATEMENT UNDER 37 CFR 3.73(c) 

Applicant/Patent Owner: _D_A_L_I_VIJ_1IR_E_L_E_S_S_,_IN_C_. ________________________ _ 

Application No./Patent No.: 161661 ,368 Flied/Issue Date: _o_c_t_o_b_e_r 2_3_,_2_0_1_9 ______ _ 

Titled: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

DALI WIRELESS, INC. , a Corporation 
---------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation. partnership. university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options i, 2, 3 or 4 below): 

1. 0 The assignee of the entire rigi1t, title, and interest. 

An assignee of less than ti1e entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for i 00% of tl1e ownership interest. 

[J There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of tl1e interest must be submitted to account for the entire 
right, title, and interest. 

3. [J The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) i1olding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. [J The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. D An assignment from the inventor(s) of tl1e patent application/patent identified above. Tl1e assignment was recorded in 
the United States Patent and Trademark Office at Reel ______ , Frame ______ , or for which a copy 
thereof is attached. 

B. CJ A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

7 _ From: Shawn Patrick Stapleton and Seyed Amin Hejazi To: DALI SYSTEMS CO. LTD. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 031392 , Frame 0084 , or for which a copy thereof is attached. 

2 _ From: DALI SYSTEMS CO. LTD. To: DALI WIRELESS, INC. 
--------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel 052512 , Frame 001 O , or for which a copy thereof is attached. 

[Page 1 of 2] 
This co!leciion of information is required by 37 CFR 3.73(b). The information is required to obtain or reiain a benefit by the public which is to fi!e (and by the USPTO to 
process) an app!ication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 .11 and 1.14. This co!lection is estimated to take 12 minutes to complete, including 
gathering, preparing. and submitting the completed application lorrn to the US PTO. Tirne wiii vary depending upon the individual case. Any comments on the amount 
of time you require to comp!ete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer. U.S. Patent and Trademark 
Office, U S. Department of Commerce, P 0. Box 1450, A!exandria, VA 22313-1450 DO NOT SEr~D FEES OR COMPLETED FORMS TO TH IS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

lfyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 



PTOi AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S Patent and Trademark Oiiice; U.S DEPARTME~JT OF COMME.RCE 
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STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in ti1e United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

The document was recorded in ti1e United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: To: ------------------- -------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

[2] As required by 37 CFR 3.73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3. i 1. 

[NOTE: A separate copy (i.e., a true copy of tl1e original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

iJason H. Vick/ July 2, 2020 
Signature Date 

Jason H. Vick 45,285 
Printed or Typed Name Titie or Registration Number 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/661,368 

167137 
SHERIDAN ROSS PC 
1560 Broadway 
Suite 1200 
Denver, CO 80202 

FILING OR 3 71 (C) DATE 

10/23/2019 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Shawn Patrick Stapleton 10333-41-CON 
CONFIRMATION NO. 6065 

PUBLICATION NOTICE 

111111111111111111111111]~!1]!~1!~1! ~~ '!l~!IHll lllll lllll lllll llll llll 

Title:OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Publication No.US-2020-0154288-A 1 
Publication Date:05/14/2020 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

167137 7590 

SHERIDAN ROSS PC 
1560 Broadway 

04/09/2020 
EXAMINER 

SAMS, MATTHEW C 

Suite 1200 ART UNIT PAPER NUMBER 

Denver, CO 80202 2646 

DA TE MAILED: 04/09/2020 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

16/661,368 10/23/2019 Shawn Patrick Stapleton 10333-41-CON 6065 
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Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
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submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 
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1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 



Notice of Allowability 

Application No. 
16/661,368 
Examiner 
MATTHEWC SAMS 

Applicant(s) 
Stapleton et al. 

Art Unit I AIA (FITF) Status 
2646 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to 3/30/2020. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-19 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. ~ Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. ~ Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.~ Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/Matthew C Sams/ 
Primary Examiner, Art Unit 2646 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200403 



Application/Control Number: 16/661,368 
Art Unit: 2646 

DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

Page 2 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Response to Amendment 

2. This office action is in response to the amendment filed on 3/30/2020. 

3. Claim 1 has been amended and claims 2-19 have been newly added. 

4. The Terminal Disclaimer filed on 4/2/2020 is approved and accordingly, the Double 

Patenting rejection with US-10,506,454 is withdrawn. 

Allowable Subject Matter 

5. Claims 1-19 are allowed. 

6. The following is an examiner's statement of reasons for allowance: 

Applicant's independent claim 1 recites, inter alia, a system comprising one or 

more Digital Access Units (DAUs) operable to receive at least one signal from at least 

one of a first signal source and a second signal source from one or more of a plurality of 

signal sources, each DAU of the one or more DAUs including an input port configured as 

an uplink/downlink port and an output port configured as an uplink/downlink port; 

one or more Digital Remote Units (DRUs) connectable to the one or more DAUs 

and operable to transport signals between one or more of the one or more DRUs and the 

one or more DAUs; 
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a plurality of radio resources formed from the one or more DU Rs comprising a first 

radio resource and a second radio resource different from the first radio resource, each 

radio resource comprising a subset of the plurality of DRUs; and 

a traffic monitoring unit coupled to at least one of the DAUs, wherein the traffic 

monitoring unit is configured to determine one or more of: one or more key performance 

indicators (KPls) and/or a quality of service (QOS) of a network traffic for the one or more 

DAUs, wherein the QoS is a function of the one or more KPls and reconfigure the plurality 

of radio resources based on one or more of the one or more KPls and/or the QoS by 

allocating at least one DRU from the first radio resource to the second radio resource. 

The closest prior arts of record are: 

Lee et al. (US-2013/0128810) which differs from the claimed invention by not 

explicitly reciting the traffic monitoring unit is configured to determine one or more of: one 

or more key performance indicators (KPls) and/or a quality of service (QOS) of a network 

traffic for the one or more DAUs, wherein the QoS is a function of the one or more KPls 

and reconfigure the plurality of radio resources based on one or more of the one or more 

KPls and/or the QoS by allocating at least one DRU from the first radio resource to the 

second radio resource. 

Trigui et al. (US-8,498,207) discloses the ability to provide dynamic load balancing 

in a cellular network, but differs from the claimed invention by not explicitly reciting each 

DAU of the one or more DAUs including an input port configured as an uplink/downlink 

port and an output port configured as an uplink/downlink port. 

Kummetz et al. (US-2010/0278530) provides for a distributed antenna system for 

wireless network systems (Abstract) that includes DAUs [0031] "Master Units" and DRUs 
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[0031] "Remote Units", but differs from the claimed invention by not explicitly reciting each 

DAU of the one or more DAUs including an input port configured as an uplink/downlink 

port and an output port configured as an uplink/downlink port and that the traffic 

monitoring unit is configured to determine one or more of: one or more key performance 

indicators (KPls) and/or a quality of service (QOS) of a network traffic for the one or more 

DAUs, wherein the QoS is a function of the one or more KPls and reconfigure the plurality 

of radio resources based on one or more of the one or more KPls and/or the QoS by 

allocating at least one DRU from the first radio resource to the second radio resource. 

Applicant's claims recite a particular combination that is neither taught nor 

suggested by the prior art and are allowed for these reasons and the reasons stated by 

the Applicant in the response dated 3/30/2020. 

Any comments considered necessary by applicant must be submitted no later than 

the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

7. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to MATTHEW C SAMS whose telephone number is 

(571 )272-8099. The examiner can normally be reached on M-F 8:30-5 EST. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 
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interview, applicant is encouraged to use the USPTO Automated Interview Request (AIR) 

at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Lester Kincaid can be reached on (571 )272-7922. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published 

applications may be obtained from either Private PAIR or Public PAIR. Status information 

for unpublished applications is available through Private PAIR only. For more information 

about the PAIR system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have 

questions on access to the Private PAIR system, contact the Electronic Business Center 

(EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer 

Service Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000. 

/Matthew C Sams/ 
Primary Examiner, Art Unit 2646 



Examiner-Initiated Interview Summary 

Application 
No. 
16/661,368 
Examiner 
MATTHEWC 

SAMS 

All participants (applicant, applicants representative, PTO personnel): 

Applicant(s) 
Stapleton et al. 

Art 
Unit 
2646 

AIA {First Inventor 
to File) Status 

No 

1. MATTHEW C SAMS (Primary Examiner); 
Telephonic 

2. Jason H. Vick (Attorney); Telephonic 

Date of Interview: 02 April 2020 

Page 

1 of 1 

Brief Description of the main topic(s) of discussion: The Examiner requested the Applicant file an 
electronic Terminal Disclaimer, which the Applicant agreed to file. 

Issues Discussed: 

Double Patenting: 
Examiner requested the Applicant file a eTD. 

/Matthew C Sams/ 
Primary Examiner, Art Unit 2646 I 
Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in 
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated 
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04 
Please further see: 
MPEP 713.04 
Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b) 
37 CFR § 1 .2 Business to be transacted in writing 

U.S. Patent and Trademark Office 
PTOL-413/413b (Rev. 01/01/2015) Interview Summary Paper No. 20200403 

Applicant recordation instructions:lt is not necessary for applicant to provide a separate record of the substance of interview 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A 
complete and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 
for complete and proper recordation including the identification of the general thrust of each argument or issue 
discussed, a general indication of any other pertinent matters discussed regarding patentability and the general 
results or outcome of the interview, to include an indication as to whether or not agreement was reached on the 
issues raised. 
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Dear Commissioner: 
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mailing date of February 13, 2020. Please credit any overpayment or charge any underpayment 
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Please amend the above-identified patent application as follows: 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

least one of a, first slr.rnai sot1rc.e ar1d a, second signal source :frorn one or _n1ore of· a. nhn ~thrY ot 

tlf)link/'do\\1nLink nort and ar1 ot1tnt1t t)ort conf1tn.1red as ar11.1nlink .. ldcn..v-n1ink nort: 

one or 11lore [)itdtal ~ternote tJnits ([)l~JJs) c-onnectable to tl-ie one or n1ore f}l\l)s and 

onf.~rable to tra.n~1nort one or .n1ore of the and the onf.~ or rnore 

a oh.araLitv ot ra(lto resources f()r.n1ed froln the one or rnore I)~S.l)s co.n1prisinrr a first radio 

resource a,nd a ' secono ra.dio resource different fron1 the first racho resourc,t;., 

c-olr.tprising a_s11bset_ of the_J;lu ra!)r-: _of_f)JttJ s: __ and 

deterrnine one or .n1ore ot: one or rnore kev perforrna,nce indic,a1ors {l(J)Is} ar1d./or 
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reconfitnire the nluraJitv of radio rescnirces based on one or _n1ore of the 011e or 

rnore l(J)Is and./or the ()oS l-rv aHocatirH.:~ at least one I)I~tJ il-·cH11 the first radio resourc,e to the 

sec-011d ra.dio resourcf.~ 

2. (New) The system of claim 1, further comprising a one or more Base Transceiver 

Stations (BTSs) coupled to the one or more DAUs, wherein each BTS comprises the plurality of 

radio resources. 

3. (New) The system of claim 2, further comprising a network optimization goal 

comprising a percentage of users associated with each of the plurality of radio resources. 

4. (New) The system of claim 1, wherein the traffic monitoring unit is external to the 

one or more DAUs. 

5. (New) The system of claim 1, wherein the traffic monitoring unit is provided as a 

component of each of the one or more DAUs. 

6. (New) The system of claim 1, wherein the traffic monitoring unit is external to the 

one or more DRUs. 

7. (New) The system of claim 1, wherein the traffic monitoring unit is provided as a 

component of each of the one or more DRUs. 

8. (New) The system of claim 1, wherein the traffic monitoring unit is configured to 

analyze Key Performance Indicators (KPis) of the DAS. 

9. (New) The system of claim 1, wherein the traffic monitoring unit is configured to 

analyze Quality of Service (QoS) values of the DAS. 
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10. (New) A system comprising: 

one or more Digital Access Units (DAUs) operable to receive at least one signal from at 

least one of a first signal source and a second signal source from one or more of a plurality of 

signal sources, each DAU of the one or more DAU s including an input port configured as an 

uplink/downlink port and an output port configured as an uplink/downlink port; 

one or more Digital Remote Units (DRUs) couplable to the one or more DAUs and 

operable to transport signals between the one or more DRUs and the one or more DAUs; 

a plurality of radio resources formed from the one or more DRU s comprising a first radio 

resource and a second radio resource different from the first radio resource, each radio resource 

comprising a subset of the one or more DRUs; and 

a traffic monitoring unit external to and couplable to at least one of the DA Us, wherein 

the traffic monitoring unit is configured to: 

determine one or more of one or more key performance indicators (KPis) and/or a 

quality of service (QoS) of a network traffic for the one or more DAUs, wherein the QoS is a 

function of the one or more KPis; and 

reconfigure the plurality of radio resources based on one or more of the one or 

more KPis and/or the QoS by allocating at least one DRU from the first radio resource to the 

second radio resource. 

11. (New) The system of claim 10, wherein the traffic monitoring unit is external to 

one or more Base Transceiver Stations (BTSs) and coupled to each of the one or more BTSs. 

12. (New) The system of claim 10, further comprising a network optimization 

processor coupled to the traffic monitoring unit. 

13. (New) The system of claim 10, wherein the one or more DAUs are coupled via at 

least one of an ethernet cable, optical fiber, microwave line of sight link, wireless link, and/or 

satellite link. 
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14. (New) The system of claim 10, wherein the one or more DAUs are coupled to the 

one or more DRUs via at least one of an ethemet cable, optical fiber, microwave line of sight 

link, wireless link, and/or satellite link. 

15. (New) The system of claim 10, wherein the one or more DRUs are connected in a 

daisy chain configuration. 

16. (New) The system of claim 10, wherein the one or more DRUs are connected to 

the one or more DAUs in a star configuration. 

17. (New) The system of claim 10, wherein the one or more DAUs are connected to 

one or more BTSs via at least one of an ethemet cable, optical fiber, microwave line of sight 

link, wireless link, and/or satellite link. 

18. (New) The system of claim 10, wherein the one or more DRUs are connected in a 

loop to one or more of the one or more DA Us. 

19. (New) The system of claim 10, wherein a single DAU port is connected to one or 

moreBTSs. 
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REMARKS 

Applicant respectfully requests reconsideration of this application, as amended. 

Applicant requests the holding in abeyance of the double patenting rejection until an 

indication of allowable subject matter has been provided. 

While claim 1 is rejected in view of Lee, Applicant respectfully submits that based on the 

above now-claimed combination of features, the claims are distinguishable from the reference. 

Withdrawal of the rejection is respectfully requested. 

With all rejections having been overcome, Applicant respectfully submits the application 

is in condition for allowance. 

A prompt Notice of Allowance is respectfully solicited. 

Should the Examiner believe anything further is desirable in order to place the 

application in even better condition for allowance, the Examiner is encouraged to contact 

Applicants undersigned representative at the telephone number listed below. 

The Commissioner is hereby authorized to charge to deposit account number 19-1970 

any fees under 3 7 CFR § 1.16 and 1.17 that may be required by this paper and to credit any 

overpayment to that Account. If any extension of time is required in connection with the filing 

of this paper and has not been separately requested, such extension is hereby Petitioned. 

Date: March 30 2020 

Respectfully submitted, 

SHERIDAN ROSS P.C. 

By: __ /J_a_so_n_H_. _V_ic_k/ _____ _ 

6 

Jason H. Vick 
Reg. No. 45,285 
1560 Broadway, Suite 1200 
Denver, Colorado 80202 
Telephone: 303-863-9700 
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1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Drawings 

2. The drawings filed on 10/23/2019 are accepted. 

Double Patenting 

3. The nonstatutory double patenting rejection is based on a judicially created 

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 

unjustified or improper timewise extension of the "right to exclude" granted by a patent 

and to prevent possible harassment by multiple assignees. A nonstatutory double 

patenting rejection is appropriate where the conflicting claims are not identical, but at least 

one examined application claim is not patentably distinct from the reference claim(s) 

because the examined application claim is either anticipated by, or would have been 

obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 

1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); 

In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Omum, 686 F.2d 

937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 

1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 

may be used to overcome an actual or provisional rejection based on nonstatutory double 
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patenting provided the reference application or patent either is shown to be commonly 

owned with the examined application, or claims an invention made as a result of activities 

undertaken within the scope of a joint research agreement. See MPEP § 717.02 for 

applications subject to examination under the first inventor to file provisions of the AIA as 

explained in MPEP § 2159. See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for applications not 

subject to examination under the first inventor to file provisions of the AIA. A terminal 

disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

The USPTO Internet website contains terminal disclaimer forms which may be 

used. Please visit www.uspto.gov/patenVpatents-forms. The filing date of the application 

in which the form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, 

PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be 

filled out completely online using web-screens. An eTerminal Disclaimer that meets all 

requirements is auto-processed and approved immediately upon submission. For more 

information about eTerminal Disclaimers, refer to 

www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp. 

4. Claim 1 is rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1 and 2 of U.S. Patent No. 10,506,454. Although the claims at 

issue are not identical, they are not patentably distinct from each other because the 

instant claim is broader in every instance over the patented claims 1 and 2. 

Claim Rejections - 35 USC § 102 

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 
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(e) the invention was described in (1) an application for patent, published under section 
122(b), by another filed in the United States before the invention by the applicant for patent 
or (2) a patent granted on an application for patent by another filed in the United States 
before the invention by the applicant for patent, except that an international application filed 
under the treaty defined in section 351 (a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application 
designated the United States and was published under Article 21 (2) of such treaty in the 
English language. 

6. Claim 1 is rejected under 35 U.S.C. 102(e) as being anticipated by Lee; Albert S. 

et al. (US 2013/0128810 A 1: hereinafter "Lee"). 

Regard claim 1, Lee teaches a system for dynamically routing signals in a 

Distributed Antenna System, the system comprising: 

a plurality of Digital Access Units (DAUs) (Fig. 15 items 1505A-1505n, therefore 

plurality of DAUs), wherein the plurality of DAUs are coupled and operable to route signals 

between the plurality of DAUs (Fig. 15, 1505A-1505B, are connected, therefore coupled 

and operable to route signals); 

a plurality of Digital Remote Units (DRUs) (Fig. 15 items 151 0A-151 Om, therefore 

plurality of DRUs) coupled to the plurality of DAUs and operable to transport signals 

between DRUs and DAUs (Fig. 15, items 151 0A-151 0C) are connected, therefore 

operable to transport signals); 

a plurality of Base Transceiver Stations (BTS) (Fig. 15 items 1500A - 1500n, 

therefore plurality of BTS); 

a plurality of traffic monitoring modules (Fig. 14, item 1415 further explained in 

[0065], ... , the NOC 1415 monitors, therefore traffic monitor attached to DAUs, therefore 

plurality of traffic monitors); and 
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a network optimization goal and optimization algorithm. (in [0069] an algorithm 

operating within the DAU Monitoring module, ... , therefore algorithm for the purpose of 

optimization) 

Conclusion 

7. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to MATTHEW C SAMS whose telephone number is 

(571 )272-8099. The examiner can normally be reached on M-F 8:30-5 EST. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request (AIR) 

at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Lester Kincaid can be reached on (571 )272-7922. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published 

applications may be obtained from either Private PAIR or Public PAIR. Status information 

for unpublished applications is available through Private PAIR only. For more information 

about the PAIR system, see http://pair-direct.uspto.gov. Should you have questions on 

access to the Private PAIR system, contact the Electronic Business Center (EBC) at 866-

217-9197 (toll-free). If you would like assistance from a USPTO Customer Service 
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Representative or access to the automated information system, call 800-786-9199 (IN 

USA OR CANADA) or 571-272-1000. 

/Matthew C Sams/ 
Primary Examiner, Art Unit 2646 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/661,368 10/23/2019 2646 865 P282739.US.03 (DW-1039-1) 1 1 

167137 
CONFIRMATION NO. 6065 

CORRECTED FILING RECEIPT 
SHERIDAN ROSS PC 
1560 Broadway 1111111111111111111111 m~mll! ~~ 11~1!~ 1111111111111111111 11111111 

Suite 1200 
Denver, CO 80202 

Date Mailed: 02/07/2020 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Shawn Patrick Stapleton, Burnaby, CANADA; 
Seyed Amin Hejazi, Burnaby, CANADA; 

Applicant( s) 
Dali Systems Co. Ltd., George Town, CAYMAN ISLANDS; 

Assignment For Published Patent Application 
Dali Systems Co. Ltd., George Town, CAYMAN ISLANDS 

Power of Attorney: The patent practitioners associated with Customer Number 167137 

Domestic Priority data as claimed by applicant 
This application is a CON of 13/950,160 07/24/2013 PAT 10506454 
which claims benefit of 61/678,016 07/31/2012 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 11/07/2019 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/661,368 
Projected Publication Date: 05/14/2020 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
Title 

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Preliminary Class 

455 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 

page 4 of 4 



PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/661,368 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 75 N/A 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 330 N/A 
(37 CFR 1.16(k), (i), or (m)) 
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If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 785 TOTAL 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/661,368 10/23/2019 865 P282739.US.03 (DW-1039-1) 1 1 

167137 
CONFIRMATION NO. 6065 

UPDATED FILING RECEIPT 
SHERIDAN ROSS PC 
1560 Broadway 1111111111111111111111 m~mll! ~~ 11~11~ I~ 111111111111111 IIII IIII 

Suite 1200 
Denver, CO 80202 

Date Mailed: 02/07/2020 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Shawn Patrick Stapleton, Burnaby, CANADA; 
Seyed Amin Hejazi, Burnaby, CANADA; 

Applicant( s) 
Dali Systems Co. Ltd., George Town, CAYMAN ISLANDS; 

Assignment For Published Patent Application 
Dali Systems Co. Ltd., George Town, CAYMAN ISLANDS 

Power of Attorney: The patent practitioners associated with Customer Number 167137 

Domestic Priority data as claimed by applicant 
This application is a CON of 13/950,160 07/24/2013 PAT 10506454 
which claims benefit of 61/678,016 07/31/2012 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

page 1 of 4 



Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 11/07/2019 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/661,368 

Projected Publication Date: 05/14/2020 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
Title 

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Preliminary Class 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Shawn Patrick Stapleton P282739.US.03 (DW-1039-1) 

CONFIRMATION NO. 6065 
POA ACCEPTANCE LETTER 

111111111111111111111111]~!1]!~1!~1! ~~ ~iljll!HII IIIII 111111111111111111 

Date Mailed: 02/07/2020 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 02/04/2020. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/yteferra/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/661,368 10/23/2019 

27076 
DORSEY & WHITNEY LLP - SEATTLE 
INTELLECTUAL PROPERTY DEPARTMENT 
COLUMBIA CENTER 
701 FIFTH AVENUE, SUITE 6100 
SEATTLE, WA 98104-7043 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE I 
Shawn Patrick Stapleton P282739.US.03 (DW-1039-1) 

CONFIRMATION NO. 6065 
POWER OF ATTORNEY NOTICE 

111111111111111111111111]~!1]!~1!~1! ~~ ~iljll!HII IIIII 111111111111111111 

Date Mailed: 02/07/2020 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 02/04/2020. 

• The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence 
will be mailed to the new address of record(37 CFR 1.33). 

/yteferra/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 



IN THE UNITED ST ATES PATENT AND TRADEMARK OFFICE 

In Re the Application of: Shawn Patrick Stapleton 

Application No.: 16/661,368 

Filed: October 23, 2019 

Atty. File No.: 10333-41-CON 

~ Group Art Unit: 
/ 

~ Examiner: 

) Confirmation No · 6065 
) ~ •• 

) 
) 

For: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

RESPONSE TO NOTICE TO FILE I\USSING PARTS 
OF NONPROVISIONAL APPLICATION 

Dear Commissioner: 

The Notice to File Missing Parts ofNonprovisional Application dated November 13, 

2019, required Applicant to satisfy the following fees which are submitted herewith: 

Filing Fee $75.00 
Search fee $330.00 
Examination foe $380.00 
Surcharge Set forth in 37 C.F.R. l .16(f) $80 00 
Total Fees $865.00 

1 



Applicants believe no further fees or petitions are required. However, if any such 

petitions or fees are necessary, please consider this a request therefore and authorization to 

charge Deposit Account No. 19-1970 accordingly. Any deficiency or overpayment may also be 

applied to Deposit Account No. 19-1970. 

Date: February 4, 2020 

Respectfully submitted, 

SHERIDAN ROSS P.C. 

By: __ /J_a_S(_)n_H_. _v_·ic_k_/ ____ _ 

2 

Jason H. Vick 
Registration No. 45,285 
1560 Broadway, Suite 1200 
Denver, Colorado 80202-5141 
(303) 863-9700 
jyj_(k@,'i-.rA~0.ri.~1-~~n.m.~s.,~'.Qrn, 



PTOiAIA/22 (03-13) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent anrJ Trademark Office; U.S DEPARTMENT OF COMMERCE 
UnrJer the Paperwork Reduction Act of 1995, no persons are reauired to respond to a coliection of information unless it displavs a valit1 OMS control number. 

Docket Number (Optional) 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 10333-41-CON 

Application Number 16/661,368 I Filed October 23, 2019 

For OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 
Art Unit I Examiner 

Tt1is is a request under ttie provisions of 37 CFR 1.136(a) to extend tt1e period for filing a reply in the above-identified application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

0 
□ 
□ 
□ 
□ 

Fee 

One month (37 CFR 1.17(a)(1}) $200 

Two months (37 CFR 1.17(a}(2}) $600 

Three months (37 CFR 1.17(a}(3)) $1,400 

Four montt1s (37 CFR 1.17(a)(4)) $2,200 

Five months (37 CFR 1.17(a)(5)) $3,000 

Applicant asserts small entity status. See 37 CFR 1.27. 

Applicant certifies micro enlily status. See 37 CFR 1.29. 

Small Entity Fee 

$100 

$300 

$700 

$1,100 

$1.500 

Micro Entity Fee 

$50 

$150 

$350 

$550 

$750 

Form PTO/S8/15A or B or equivalent must either be enclosed or have been submitted previously. 

A check in the amount of the fee is enclosed. 

Payment by credit carcJ. Form PTO-2038 is attached. 

The Director has already been authorized to charge fees in this application to a Deposit Account 

$ 100 

$ 

$ 

$ 

$ 

0 

□ 
□ 
□ 
0 
0 The Director is t1ereby authorized to charge any fees wt1ich may be required, or credit any overpayment, to 

Deposit Account Number _1_9_-_1 _9_7_0 _________ _ 

0 Payment made via EFS-Web. 

WARNING: information on this form may become public. Credit card information should not be included on this form. Provide 
credit card information and authorization on PT0-2038. 

I am tt;e 

D applicant 

G'.J attorney or agent of record. Registration number_4_5_,2_8_5 _________ _ 

D attorney or agent acting under 37 CFR 1.34. Registration number _____________ _ 

/Jason H. Vick/ February 4, 2020 
Signature Date 

Jason H. Vick 303-863-9700 
Typed or printed name Telephone Number 

NOTE: This form mus! be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit 
multiple forms if more than one signature is required, see below* 

0 * Total of_1 _______ forms are submitted. 

Tt1;s coilect;on of mformation ;s required by 37 CFR 1.135(a). The information is required to obtain or retain a benefit by tt;e public, wt1;ch is to iile (and by the 
USPTO to process) an appiication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1 14. This collection is estimated to lake 6 minutes to 
complete, including gathering, preparing, and submittmg tt;e completed application form to the USPTO. Time w;II vary depending upon the individua! rnse. Any 
comments on the amount ol time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer, 
U.S Patent and Trademark Office, U.S. Department of Commerce, P.O. Box ·1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS 
TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



PTO/AIA/96 (08-12) 
Approved for use ihrough 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a co!lection of information un!ess it disp!ays a vaiid 0MB rnntroi number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicant/Patent Owner: DALI SYSTEMS CO.LTD. 

Application No./Patent No.: 161661 ,368 Flied/Issue Date: _o_c_t_o_b_e_r 2_3_,_2_0_1_9 ______ _ 

Titled: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

DALI SYSTEMS CO. LTD. , a Corporation 
---------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation. partnership. university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options i, 2, 3 or 4 below): 

1. 0 The assignee of the entire rigi1t, title, and interest. 

An assignee of less than ti1e entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for i 00% of tl1e ownership interest. 

[J There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of tl1e interest must be submitted to account for the entire 
right, title, and interest. 

3. [J The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) i1olding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. [J The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. [2] An assignment from the inventor(s) of tl1e patent application/patent identified above. Tl1e assignment was recorded in 
the United States Patent and Trademark Office at Reel 031392 , Frame 0084 , or for which a copy 
thereof is attached. 

B. [J A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: To: -------------------- --------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

2. From: To: -------------------- --------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

[Page 1 of 2] 
This co!leciion of information is required by 37 CFR 3.73(b). The information is required to obtain or reiain a benefit by the public which is to fi!e (and by the USPTO to 
process) an app!ication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 .11 and 1.14. This co!lection is estimated to take 12 minutes to complete, including 
gathering, preparing. and submitting the completed application lorrn to the US PTO. Tirne wiii vary depending upon the individual case. Any comments on the amount 
of time you require to comp!ete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer. U.S. Patent and Trademark 
Office, U S. Department of Commerce, P 0. Box 1450, A!exandria, VA 22313-1450 DO NOT SEr~D FEES OR COMPLETED FORMS TO TH IS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

lfyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 



PTOi AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S Patent and Trademark Oiiice; U.S DEPARTME~JT OF COMME.RCE 
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in ti1e United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

The document was recorded in ti1e United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: To: ------------------- -------------------

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

[2] As required by 37 CFR 3.73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3. i 1. 

[NOTE: A separate copy (i.e., a true copy of tl1e original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

iJason H. Vick/ February 4, 2020 
Signature Date 

Jason H. Vick 45,285 
Printed or Typed Name Titie or Registration Number 

[Page 2 of 2] 



PTO/AIA/80 (07•17) 
Approved for use through 03/31/202:l. OMll 0651·0035 

U.S. Patent and Tradem~rk Oiilce; U.S. DEPARTMENT Or COMMERCE 
Under the Paperwork Reduction Act of 1995, no person Is required tc respond to a collection of Information unless It display; a 1mlld 0MB controi number 

~ ·~· """" IOOIII""""" II ...... 

I hereby revoke all previous powers of attorney given in the application identified in the attached 
statement under 37 CFR 3.73(c). 

I hereby appoint: 

~ Practitioners associated with Customer Number: 

I 
167137 

I OR 

I I Practltloner(s) named below {If more than ten patent practitioners are to be named, then a customer number must be used): 

Name 
Registration 

Name 
Registration 

Number Nurnber 

' 

As attomey(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with 
ar,y and all patent applications assigned .ruJ1ll to the undersigned according to the USPTO assignment records or assignment documents 
attached to this form In accordance with 37 CFR 3,73(c). 

Please change the correspondence address for the application Identified in the attached statement 
under 37 CFR 3.73(c) to: 

~ The address associated with Customer Number: 167137 
OR 

·□ Firm or lnd!v!duai name 

Address 
' 

City State I Zip 

Country 

Telephone Email 
--· 

Assignee name and address: Dali Syiitem~ Co, Ltd. 
No. 309 Ugland House, South Church Street, George Town 
Grand Cayman KYl-1104, Cayman Isla.nds 

A copy of this form, together w!th a statement under 37 CFR 3,7:.l(c) (Form PTO/AIA/96 or equivalent) is required to be 
filed in each application in which this form is used, The statement under 37 CFR 3.73(c) may be completed by 0111e1 of the 
practitioners appointed in this form, and must identify the application In which this Power of Attorney is to be filed. 

iG'w ,I ~ SIGNATURE of Assignee of Record 
The in ~ual w \ s signature and tlt!e ls suppiied below ls authorized to act on behalf of the asslgnee. 

~[ I -Signature \. ~ ~ Date· December 13, 2019 
-

Name Albert Lee, Ph.D. Telephone 

Title Founder, Chairman and Chief Executive Officer 
This co!lectlon of lr1formatlon Is r;iqulred by 37 CfR 1.lll, 1,32, and 1,33, The Information Is required to obtain or retain a benefit by the public, which Is to update 
(~tid by the USPTO to process) the file of a patent or reexamll'latlor1 proceeding. Contldentlallty •~ goverrwcl by 35 U.S.C. 122 and 37 CfR 1.11 ar.d 1.14. This 
collection Is estimated to take 1B minutes to complete, l11dudl11g gatherlnig, preparing, and submlttlnig the completed application form to the USPTO. Time will 11arv 
depending upon the Individual case. Any comments ol'I the amount cf time you require to complete this form ;md/or suggestions for reducing this burdem, should 
be sent tc the Chlei lnformat!on Officer, U.S. Patent and Traifomark Offlte, U.S. Department of Commerce, P.O. Box 1450, Alexamfrl,, VA 22313:1450, DO NOr 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO; Commlss!011er for Patents, l',0, lliox 1450, Alexarot!r!a, VA 22313·:l.450, 

If you need assislonce In comp/et/rig the fotm, coil 1 ·800-PTO-!l199 r.:nd select· option 2, 



Electronic Patent Application Fee Transmittal 

Application Number: 16661368 

Filing Date: 23-0ct-2019 

Title of Invention: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

First Named Inventor/Applicant Name: Shawn Patrick Stapleton 

Filer: Jason Vick/Joanne Vos 

Attorney Docket Number: P282739.US.03 (DW-1039-1) 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY FILING FEE (ELECTRONIC FILING) 4011 1 75 75 

UTILITY SEARCH FEE 2111 1 330 330 

UTILITY EXAMINATION FEE 2311 1 380 380 

Pages: 

Claims: 

Miscellaneous-Filing: 

LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80 

Petition: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Extension - 1 month with $0 paid 2251 1 100 100 

Miscellaneous: 

Total in USO($) 965 



Electronic Acknowledgement Receipt 

EFSID: 38490435 

Application Number: 16661368 

International Application Number: 

Confirmation Number: 6065 

Title of Invention: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

First Named Inventor/Applicant Name: Shawn Patrick Stapleton 

Customer Number: 27076 

Filer: Jason Vick/Joanne Vos 

Filer Authorized By: Jason Vick 

Attorney Docket Number: P282739.US.03 (DW-1039-1) 

Receipt Date: 04-FEB-2020 

Filing Date: 23-OCT-2019 

Time Stamp: 15:57:29 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $965 

RAM confirmation Number E202024F57540359 

Deposit Account 191970 

Authorized User Joanne Vos 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 



37 CFR 1.19 (Document supply fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

184538 

1 
Response_to_Missing_Parts. 

yes 3 
pdf 

aca329c3045424d5d0a3afd 1 b4e854Sf531 ~ 
e476 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Applicant Response to Pre-Exam Formalities Notice 1 2 

Extension ofTime 3 3 

Warnings: 

Information: 

234896 

2 
Statement_ Under _373c_ w _PO 

yes 3 
A_ 10333-41-CON.pdf 

e4db383e1 b8ce1 bb5022c698308207b82b 
57fd44 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Assignee showing of ownership per 37 CFR 3.73 1 2 

Power of Attorney 3 3 

Warnings: 

Information: 

39327 

3 Fee Worksheet (5B06) fee-info.pdf no 2 
26d 1 Od 16035a 1 Sf391 06fc8800bef1 SefSdO 

2eef 

Warnings: 

Information: 

Total Files Size (in bytes) 458761 



This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 



PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/661,368 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 75 N/A 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 330 N/A 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 380 N/A 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 1 
(37 CFR 1.16(i)) 

minus 20= X 50 = 0.00 OR 

INDEPENDENT CLAIMS 1 minus 3 = X 230 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 785 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 



UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/661,368 10/23/2019 0.00 P282739.US.03 (DW-1039-1) 1 1 

27076 

CONFIRMATION NO. 6065 
FILING RECEIPT 

DORSEY & WHITNEY LLP - SEATTLE 
INTELLECTUAL PROPERTY DEPARTMENT 
COLUMBIA CENTER 

1111111111111111111111 m~mll! ~~ 11~11~~11111111111111111 11111111 

701 FIFTH AVENUE, SUITE 6100 
SEATTLE, WA 98104-7043 

Date Mailed: 11/13/2019 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Shawn Patrick Stapleton, Burnaby, CANADA; 
Seyed Amin Hejazi, Burnaby, CANADA; 

Applicant( s) 
Dali Systems Co. Ltd., George Town, CAYMAN ISLANDS; 

Assignment For Published Patent Application 
Dali Systems Co. Ltd., George Town, CAYMAN ISLANDS 

Power of Attorney: The patent practitioners associated with Customer Number 27076 

Domestic Priority data as claimed by applicant 
This application is a CON of 13/950,160 07/24/2013 
which claims benefit of 61/678,016 07/31/2012 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 11/07/2019 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/661,368 

Projected Publication Date: To Be Determined - pending completion of Missing Parts 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
Title 

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Preliminary Class 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE I 
16/661,368 10/23/2019 Shawn Patrick Stapleton P282739.US.03 (DW-1039-1) 

27076 
DORSEY & WHITNEY LLP - SEATTLE 
INTELLECTUAL PROPERTY DEPARTMENT 
COLUMBIA CENTER 
701 FIFTH AVENUE, SUITE 6100 
SEATTLE, WA 98104-7043 

CONFIRMATION NO. 6065 
FORMALITIES LETTER 

111111111111111111111111]~!1]i~1i~1! ~~ ~i~ui,11111111111111111111111111 

Date Mailed: 11/13/2019 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied 
by the extension fee under the provisions of 37 CFR 1.136(a). 

• The statutory basic filing fee is missing. 
• The application search fee must be submitted. 
• The application examination fee must be submitted. 
• Surcharge as set forth in 37 CFR 1.16(f) must be submitted. 

The surcharge is due for any one of: 
• late submission of the basic filing fee, search fee, or examination fee, 
• late submission of inventor's oath or declaration, 
• filing an application that does not contain at least one claim on filing, or 
• submission of an application filed by reference to a previously filed application. 

SUMMARY OF FEES DUE: 

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized 
below. Small entity discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification 
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms 
PTO/SB/15A and 15B.) 

• $ 75 basic filing fee. 
• $ 80 surcharge. 
• $ 330 search fee. 
• $ 380 examination fee. 
• $( 0) previous unapplied payment amount. 
• $ 865 TOTAL FEE BALANCE DUE. 
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy 
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/tgebre/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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Doc Code: ECOMM.AUTH/ECOMM.WTDW 
Doc Description: Internet Communications Authorized/Internet Communications Authorization Withdrawn 

PTO/SB/439 (l:l-15) 

r AUTHORIZATION FOR INTERNET 

COMMUNICATIONS IN A PATENT 

APPLICATION OR REQUEST TO 

WITHDRAW AUTHORIZATION FOR 

INTERNET COMMUNICATIONS 
\... 

To: Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Appiication No. filed concurrnn!ly herewilh 

Filing Date filed concurrently herewith 

First Named Inventor Shawn Patrick Stapleton 

Art Unit not yet assigned 

Examiner Name not yet assigned 

Practitioner Docket No. P282739.US.03 (DW-1039-'I) 

L To authorize permission for Internet Communications. 

.,J 

[1_J Recognizing that Internet communications are not secure, I hereby authorize the USPTO to communicate 
with the undersigned and practitioners in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject 
matter of this application via video conferencing, instant messaging, or electronic mail. I understand that a copy of 
these communications will be made of record in the application fiie. (MPEP 502.03) 

!I. To withdraw authorization for Internet Communications. 

D The authorization given on---------~ to the USPTO to communicate with the undersigned and 
any practitioner in accordance with 37 CFR l.33 and 37 CFR 1.34 concerning any subject matter of this application 

via Internet communications such as video conferencing, instant messaging, or electronic mail is hereby 
withdrawn. I understand that the withdrawal is effective when approved rather than when received. 

I am the 

D applicant. 

[7! attorney or agent of record. Registration number _5_1~9_1_6 _________ _ 

D attorney or agent acting under 37 CFR 1.34. Registration number _____________ _ 

/Jennifer Spaith/ October 23 2019 
Signature Date 

Jennifer Spaith 206.903.8836 
Typed or printed name Te!ephone Number 

NOTE: This forn1 must be signed in accordance with 37 CFR 1.33. See 37 CFR l.4 for signature requirements and certifications. Juristic entities 

must be represented by a patent practitioner (see 37 CFR 1.31, which is appiicable to any paper filed on or· after September 16, 2012, that is 
presented on behalf of a juristic entity, regardless of application fiiing date). Submit muitipie forms if more than one signature is required, see 
beiow*. 

I ✓ I * Totai of_ 1_(Dr-.iE). forms are submitted. 



PTOjAiA/15 (10-171 
l\pprnved for use through 11/30/2020. 0MB 0551-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Parierwork Reduction Act of 199c; no oersons ar~ reauired to resoond to;:; col!ection of intorrnation unless it d!sol~vs a valid 0MB control rHJmber. 

,r 
Attomev Docket No. P282739.US.03 ( DW-1039-1)' UTILITY 

PATENT APPLICATION First Named Inventor Shawn Patrick Stapleton 

TRANSMITTAL Title OPTIM!Z.~.-,-,oN OF TRAFF:c LOAD !NA OISTRIBLffED ANTENNA SYSTEM 

Priorft_y f'v1a ii Express® 
N/A \... (Only for nev,, nonprovisionai app!!carions under 37 CFR 1.53(b)) Label No. 

APPLICATION ELEMENTS Commissioner for Patents 

See A1PEP chapter 600 concerning utility patent app!fcat!on contents. ADDRESS TO: P.O. Box 1450 
Alexandria, VA 22313-1450 

1. □ Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS 
(PTOjSB/17 or equivalent) 

2.0 Applicant asserts small entity status. m □ Assignment Papers 

See 37 crn 1.,27 (cover sheet & rJocun1ent(s)) 

3. □ Applicant certifies micro entity status. See .37 CFR 1.29. 
Narne of Assignee 

App!icant must attach form PTO/SB/:LS,l. or B or equivalent. 

4.0 Specification [Total Pages 26 l 11. □ 37 CH! 3.73(c) Statement 0 Power of Attorney 
Soth the da!ms and abstract must start on a new page. (when there is an oss1gnee} 

(See NJ PEP§ 608.0l{a) for information on the preferred arrangement) 12. □ English Translation Dowment 
-0 Drawing(s) (35 IJ.S.C. 113) [Total Sheets 11 l (!f applicable) '.:,, 

6. Inventor's Oath or Declaration f rota! Pages 2 l nD Information Disclosure Statement 
(including substitute statements under 37 CFR .1.64 and assignments (PTOjSB/08 or PT0-1449) 
serving as an oarh or declaration under 37 CFR 1.63(e)) 

□ Copies of citations attached 

a.o Newly executed (originai or copy) 14. □ Preliminary Amendment 
b.0 A copy from a prior application {37 CFR 1.63{d)) 

'IS. □ Return Receipt Postcard 
,.0 Application Data Sheet * See note below. (l'vJPEP § 503) (Should he spec!fical!y itemized) 

See 37 CFR 1.76 (PTO/Al/\/14 or equivalent) 16, □ Certified Copy of Priority Document(s) 
8. CD-ROM or CD-R Ufforeign priority is claimed) 

in duplicate, large table, or Computer Program (Appendix) 
p □ Nonpublication Request 

□ 
,., 

Landscape Table on CD Under 35 U.S.C. 122(bl(2l(B)(i). Applicant must attach form f'TO/SB/35 

9. Nucleotide and/or Amino Acid Sequence Submission 
or equivalent. 

(if opp!fcafJ/e., items o, ·-- c. ore required) 18.0 Other: Authorization for lntemet Communications 

a.O Computer Readable Form (CRF) Transmittai for Power of Attorney 

b.o Specification Sequence Listing on: 

i. □ CD--ROM or CD-R (2 copies); or 

ii.D Paper 

c.D Statements verifying identity of above copies 

*Note: (1) Benefit c!aims under 37 CFR L78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS). 

(2) For applications filed under 35 U.S.C. lll, the application must contain an ADS specifying the app!icant if the applicant is an 

assignee> person to whom the inventor is under an obligation to assign, or person who otherwise shows suffident proprietary 

interest in the matter. See 37 CFR 1.46(b). 

19. CORRESPONDENCE ADDRESS 

0 The address associated with Customer Number: 27,076 OR □ Correspondence address beiow 

Name 

Address 

City I State I I Zip Code 

Country I Telephone I I Emaii 

Signature /Jennifer Spaith/ Date October 23, 2019 
Name 

Jennifer Spaith 
Registrntion No. 

51,916 (Print/Type) (Attorney/Agent) 

This collection of inforrnation is required by 37 CFR L5.3(b). The inforrnation is required to obtain or retain a benefit by the pubiic which is to fl!e (and by the USPTO 
to process) an application. Confldential!ty is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
induding gathering, preparing, and submitting the completed application form to the USPTO. Time 'iNBI vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce .. P.O. Box 1450, /1lexandria. VA 22313-1450. DO NOT SEND Fas OR COMPLETED FORMS TO THiS ADDRESS. SEND 
TO: Commissioner for Patents, f',O. Box 1450, Alexandria, VA 22313-1450, 

if you need assistance in completing the form, calf .1-800-PT0-9199 and select option 2. 



Electronic Acknowledgement Receipt 

EFSID: 37539622 

Application Number: 16661368 

International Application Number: 

Confirmation Number: 6065 

Title of Invention: OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

First Named Inventor/Applicant Name: Shawn Patrick Stapleton 

Customer Number: 27076 

Filer: Jennifer Lane Spaith/Alexandra Yaeger 

Filer Authorized By: Jennifer Lane Spaith 

Attorney Docket Number: P282739.US.03 (DW-1039-1) 

Receipt Date: 23-OCT-2019 

Filing Date: 

Time Stamp: 15:00:48 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1256285 

1 Application Data Sheet 
20191023_ADS_P282739US03_ 

no 8 
DW-1039-1.pdf 

f4 7e61 fc348982f6cbc0c2ccc671 da986465 
652 

Warnings: 



Information: 

13424737 

20191023_ContinuationApplic 
2 ationAsFiled_P282739US03_D yes 43 

W-1039-1.pdf a0b706fcbde2e5808Sc9de390c3dd989a6f 
2c2ad 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Power of Attorney 42 43 

Oath or Declaration filed 40 41 

Drawings-only black and white line drawings 29 39 

Abstract 28 28 

Claims 27 27 

Specification 3 26 

Internet Communications Authorized 2 2 

Transmittal of New Application 1 1 

Warnings: 

Information: 

Total Files Size (in bytes) 14681022 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number P282739.US.03 (DW-1039-1) 

Application Number 

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El t,hawn fatrick t,tapleton I El 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City ~urnaby l1country of Residence i l~A I 

Mailing Address of Inventor: 

Address 1 MAPLES CORPORATE SERVICES LIMITED 

Address 2 P.O. Box 309, Ugland House, South Church Street 

City I J3eorge Town, Grand Cayman I State/Province 11 

Postal Code I IKY1-1104 I Countryi I IKY 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El t,eyed ~min ~ejazi I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~urnaby IICountry of Residence i l~A I 

Mailing Address of Inventor: 

Address 1 MAPLES CORPORATE SERVICES LIMITED 

Address 2 P.O. Box 309, Ugland House, South Church Street 

City I J3eorge Town, Grand Cayman I State/Province 11 

Postal Code I IKY1-1104 I Countryi I IKY 

All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 

EFSWeb2.2.13 



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number P282739.US.03 (DW-1039-1) 

Application Number 

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number ]7076 

Email Address I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Attorney Docket Number P282739.US.03 (DW-1039-1) I Small Entity Status Claimed ~ 
Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 1111 I Suggested Figure for Publication (if any) 11 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

I 

Publication Information: 

□ 

□ 

Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

. 

. 

;_ 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner lo Limited Recognition (37 CFR 11.9) 

Customer Number ~7076 

EFS Web 2.2.13 



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number P282739.US.03 (DW-1039-1) 

Application Number 

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status !"ending . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I Continuation of . 13950160 ~013-07-24 

Prior Application Status Expired . I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

~3950160 j:;laims benefit of provisional . 61678016 ~012-07-31 

Additional Domestic Benefit/National Stage Data may be generated within this form 
I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDXi the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16,2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number P282739.US.03 (DW-1039-1) 

Application Number 

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDXl - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number P282739.US.03 (DW-1039-1) 

Application Number 

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Tille 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 

• Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

Person to whom the inventor is obligated to assign. 
I Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

1~1 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I !=>ali Systems Co. Ltd. 

Mailing Address Information For Applicant: 

Address 1 Maples Corporate Services Limited 

Address 2 P.O. Box 309, Ugland House, South Church Street 

City 3eorge Town, Grand Cayman State/Province 

Country I l<Y Postal Code KY1-1104 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number P282739.US.03 (DW-1039-1) 

Application Number 

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 
Organization Name 

I ~ali Systems Co. Lid. 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 Maples Corporate Services Limited 

Address 2 P.O. Box 309, Ugland House, South Church Street 

City 13eorge Town, Grand Cayman I I State/Province 

Countryi I l<Y Postal Code KY1-1104 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
I Add I selecting the Add button. 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature VJennifer Spaith/ Date (YYYY-MM-DD) ~019-10-23 

First Name ~ennifer I Last Name I ~paith Registration Number ~1916 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number P282739.US.03 (DW-1039-1) 

Application Number 

Title of Invention OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the International Bureau of the World Intellectual Property Organization, pursuant to the PatentCooperationTreaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1. 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 
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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AiA/82A (07-13) 

Approved for use ttlrougt1 11/30/2014. 0MB 0651-0051 
U.S. Patent and Tradeniark Office; U.S. DEPARTMENT OF COMMERCE 

Under tile Paperwork Retiuciion Act of 1995. no persons are requiret1 to respond to a coilection of information unless it tiisplays a valirJ 0MB controi number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/828) to identify the appiication to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless ttle application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney wiii not be recognized in the application. 

Application Number filed concurrently herewith 

Filing Date filed concurrently herewith 

First Named Inventor Shawn Patrick Stapleton 
Title 

OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED ANTENNA SYSTEM 

Art Unit not yet assigned 

Examiner Name not yet assigned 
Attorney Docket Number 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Jennifer Spaith/ Date (Optional) 

Name 

Jennifer Spaith 
Registration 51,916 
Number 

Title (if Applicant is a Patent Practitioner 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) loALI SYSTEMS CO. LTD 
I 

NOTE: This form must be signed in accordance with 37 CFR 1.33, See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

[Z] *Total of 1 forms are submitted. 

This collection of information is required by 37 CFR 1,131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public wtiictl is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.11 and 1.14. This coliection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting t~1e completed 
application form to the USPTO. Time will vary depending upon the individuai case, Any comments on the amount of time you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, calf 1-800-PT0-9199 and select option 2. 



Doc Code: PA. 
Document Description: Power of Attorney 

PTOiAIA/828 (07-·lS) 
/\pproved tor use through 1:1/3012014. 0MB 055H)051 

U.S. Patent and Trademark Office; W,S. DEPARTMENT OF COMMERCE 
Under the Paperwori( Reduction ,'-.ct of 19%, no per;;ons are required !o respond to a collsction cf information ,infess it displays a vali•~ 0MB control number 

~ OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

I Applicat;on Numb<, I filing Date 

I 
(Note: The boxes above may be left blank if information is provided on forrn PTO/AIA/82A) 

[ZJ I hereby appoint the Patent Practitioner(s} associated with the following Customer Number a.s my/our attorney(s) or agent(s), and 
to transact ali business in the United States Patent and Trademark Office connected thE;rewil:h for the application referenced in 
the attached transmittal fetter (form PTO/AIA/82A) or identified above; ! .......................................................................... ! 

!27076 i 
OR '··········································································j 

□ I hereby appoint Practitioner(s) named in the attached fist (form PTO/AfN82C) as rny/our attorney(s) or agent(s), and to transact 
air business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal lelter (forrn PTO/Alf'\/82A) or identifieci above, (Note: Complete form PTO/All\/82.C.} 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 
[Z] The address associated with the above-mentioned Customer Number 

OR 

□ The address associated with Customer Number: J I 
I i 

OR ' ' 

Firm or 
Individual Name 

Address 

City l State I I Zip I 
Country 

Telephone I.:: ·1 ... rnai l 
I am ttie. Applicant (il'the Applicant is a juristic entity. list the Applicant name in the box): 

-----------------------

I DALI SYSTEMS co. LTD 

□ Inventor or Joint Inventor (trt!e not required below) 

□ Legal Hepresentative of a Deceased or Legally Incapacitated Inventor (title not required below) 

0 Assignee or Person to Whorn t~le Inventor is Under an Obligation to Assign {provide signer's title if applicant 1s a juristic entity, 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
apolication or is concurrent!v beinci filed with this document) (provide sioner's tme if aoolicant is a iuristlc entitv} 

SIGNATURE of Applicant for Patent 

The ,mdersigned (whose tiile is swppliep belo~~) Is aJJ,thorized io acl on behalf of the applicant {e.g., where the applicant is a jul'istic entity). 

Signature ~~ A . 'l.1 J :,_..•\\ I; _:,..._.,..._, I Date (Optional) I , ......... " ' 
Name Albe;t Lee 

Title CEO 
NOTE: Signature, This forrn must be signed by the applicant in accordance with :37 CFR ·1.33. See 37 CFR 1 ,4 for signature req,iirements 
and certifications. If more than one applicant, use multiple forms. 

0Total of 1 forms are subrnltted, 
... 

This collect;on of mfoima!1on Is remm-ed by 37 CFR 1. 131. i .32. and 1.33. The ,nformatlo11 1s requirecl to ot,1aIn or retain. a benefit by the public wr,Icr1I5 to file (and by the 
USPTO to process) an applk,atirm: Confidentiality is governed by :}5 U.S.C. 122 and 37 CFR 1,11 and ·t.M. Tr,is ccflectlcn Is eslti-r,ated to take 3 minutes tc complete, 
Including gather;ng. preparing, and sut,,mitting the completed application form to the US PTO. Time wiU vary depending upon the individual case. Any comments en the amount 
of time you require to complete thi& form andior s,;99es!lons for reducing this burden, should be sent to th.e Chief Information O!!icer, U.S. Patent and Tra<:lemark Office, U.S. 
Depmiment ot Commerc-e, P.O. Br;x 1450, A!exanciria, VA 22~l1:;.14sa. 00 NOT SEND FF.ES OR COMPl.ETF.:O FORMS TO THIS ADDRESS. SENO TO: Commissioner 
for Patents, P,0, Box '!450, Alexandria, VA 223·13-1-450, 

ff you need a;,;,istance in compl&ting tl;.& tom1, ca!/ 1-800-PT0-9199 and select option 2. 

I 
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ABSTRACT 

A system for dynamically routing signals in a Distributed Antenna System 

includes a plurality of Digital Access Units (DA Us). The plurality ofDAUs are coupled and 

operable to route signals between the plurality of DA Us. The system also includes a plurality of 

Digital Remote Units (DRUs) coupled to the plurality of DAUs and operable to transport signals 

between DR Us and DA Us and a plurality of Base Transceiver Stations (BTS). The system 

further includes a plurality of traffic monitoring modules and a network optimization goal and 

optimization algorithm. 

65575458V. l 
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WHAT IS CLAilVlED IS: 

1. A system for dynamically routing signals in a Distributed Antenna 

System, the system comprising: 

a plurality of Digital Access Units (DAUs), wherein the plurality ofDAUs are 

coupled and operable to route signals between the plurality of DAUs; 

a plurality of Digital Remote Units (DRUs) coupled to the plurality of DA Us and 

operable to transport signals between DRUs and DAUs; 

a plurality of Base Transceiver Stations (BTS); 

a plurality of traffic monitoring modules; and 

a network optimization goal and optimization algorithm. 

25 



OPTil\!HZATION Of' TRA.PF'IC LOAD IN A DISTRIBUTED ANTENNA 

SYSTEJ\'l 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001 j This application is a continuation of pending U S. Patent Application No. 13/950, 160 

filed July 24, 2013 entitled "OPTIMIZATION OF TRAFFIC LOAD IN A DISTRIBUTED 

ANTENNA SYSTEM", which application claims priority to U.S. Provisional Patent Application 

No. 61/678,016, filed on July 31, 2012, entitled "OPTIMIZATION OF TRAFFIC LOAD IN A 

DISTRIBUTED ANTENNA SYSTEM". The aforementioned applications are incorporated 

herein by reference, in their entirety, for any purpose. 

SUMMARY OF THE INVENTION 

[0002] The present invention generally relates to 'vvireless communication systems employing 

Distributed Antenna Systems (DAS) as part of a distributed wireless network. More specifically, 

the present invention relates to a DAS utilizing traffic monitoring and optimization. \Vireless 

network operators faces the continuing challenge of building networks that effectively manage 

high data-traffic growth rates. Mobility and an increased level of multimedia content for end 

users typically employs end-to-end network adaptations that support new services and the 

increased demand for broadband and flat-rate Internet access. One of the most difficult 

challenges faced by network operators is caused by the physical movement of subscribers from 

one location to another, and particularly \vhen wireless subscribers congregate in large numbers 

at one location. A notable example is a business enterprise facility during lunchtime, when a 

large number of wireless subscribers visit a lunch room or cafeteria location in the building. At 

that time, a large number of subscribers have moved away from their offices and usual work 

areas. It's likely that during lunchtime, there are many locations throughout the facility where 

there are very few subscribers. If the indoor wireless network resources were properly sized 

during the design process for subscriber loading as it is during nom1al working hours when 

subscribers are in their normal work areas, it is very likely that the lunchtime scenario will 

present some unexpected challenges with regard to available 'vvireless capacity and data 

throughput. 

l 



[0003] According to an embodiment of the present invention, a system for dynamically routing 

signals in a Distributed Antenna System is provided. The system includes a plurality of Digital 

Access Units (DA Us). The plurality of DA Us are coupled and operable to route signals between 

the plurality of DAUs. The system also includes a plurality of Digital Remote Units (DRUs) 

coupled to the plurality of DA Us and operable to transport signals between DR Us and DA Us. 

The system further includes one or more Base Transceiver Stations (BTSs) and one or more 

traffic monitoring units. 

[0004j According to another embodiment of the present invention, a system for dynamically 

routing signals in a Distributed Antenna System is provided. The system includes a plurality of 

Digital Access Units (DAUs). The plurality of DA Us are coupled and operable to route signals 

bet\veen the plurality of DAUs. The system also includes a plurality of Digital Remote Units 

(DRUs) coupled to the plurality of DA Us and operable to transport signals between DR Us and 

DA Us and a plurality of Base Transceiver Stations (BTS). The system further includes a 

plurality of traffic monitoring modules and a network optimization goal and optimization 

algorithm. 

[0005] In an embodiment, a system for dynamically routing signals in a Distributed Antenna 

System is provided and includes a plurality of Digital Access Units (DAUs). The plurality of 

DA Us are coupled and operable to route signals between the plurality of DAUs. The system also 

includes a plurality of Digital Remote Units (DRUs) coupled to the plurality of DA Us and 

operable to transport signals between DRUs and DAUs and one or more Base Transceiver 

Stations (BTSs ). The system further includes a traffic monitoring unit. 

roo06] Numerous benefits are achieved by way of the present invention over conventional 

techniques. For example, embodiments of the present invention provide for traffic monitoring in 

a DAS network, improving network performance and user experience. These and other 

embodiments of the invention along with many of its advantages and features are described in 

more detail in conjunction with the text below and attached figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007j FIG. 1 is a block diagram according to one embodiment of the invention showing the 

basic structure and an example of the transport routing, traffic monitoring and network 
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optimization based on having a single 3 sector BTS with 3 DAUs and 7 DRUs daisy chained 

together for each cell. 

[0008] FIG. 2 is a block diagram according to one embodiment of the invention showing the 

basic strncture for a frequency reuse pattern of N=l and an example of the transport routing, 

traffic monitoring and network optimization based on having a single 3 sector BTS with 3 DAUs 

and 7 DRUs daisy chained together for each cell. 

[0009] FIG. 3 is a block diagram according to one embodiment of the invention showing the 

basic strncture and an example of the transport routing, traffic monitoring and network 

optimization based on having multiple 3 sector BTSs with 3 DAUs and 7 DRUs daisy chained 

together for each cell. In this embodiment, multiple three sector base stations are connected to a 

daisy chained DAS network. 

[0010] FIG. 4 is a block diagram of a Digital Access Unit (DAU), which contains Physical 

Nodes, a Local Router, and Port Traffic Monitoring capability according to an embodiment of 

the present invention. 

[0011] FIG. 5 is a block diagram of a Digital Remote Unit (DRU), which contains Physical 

Nodes, a Remote Router, and Port Traffic Monitoring capability according to an embodiment of 

the present invention. 

[0012] FIG. 6 depicts a typical topology where multiple Local Routers are interconnected with 

multiple Remote Routers along with Traffic monitoring and Network Optimization fi.mctionality 

according to an embodiment of the present invention. 

[0013] FIG. 7 depicts a typical topology where multiple Local Routers are interconnected with 

multiple Remote Routers along with Traffic monitoring at each Picocell and Network 

Optimization functionality according to an embodiment of the present invention. 

[0014] FIG. 8 depicts a typical topology where multiple Local Routers are interconnected with 

multiple Remote Routers along with Traffic monitoring at each Picocell and Network 

Optirnization functionality according to an embodiment of the present invention. 

[0015] FIG. 9 is a simplified flowchart illustrating a method of optimizing the DAS network 

according to an embodiment of the present invention. 
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[0016] FIG. 10 is a simplified flowchart illustrating a method of calculating KPls and QoS for 

a DAS network according to an embodiment of the present invention. 

[0017] FIG. 11 is a simplified flowchart illustrating an optimization algorithm according to an 

embodiment of the present invention . 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] To accommodate variations in wireless subscriber loading at 'vvireless network antenna 

locations at various times of day and for different days of the week, there are several candidate 

conventional approaches. 

[0019] One approach is to deploy many low-power high-capacity base stations throughout the 

facility. The quantity of base stations is determined based on the coverage of each base station 

and the total space to be covered. Each of these base stations is provisioned with enough radio 

resources, i.e., capacity and broadband data throughput to accommodate the maximum 

subscriber loading which occurs during the course of the workday and work week. Although this 

approach typically yields a high quality of service for wireless subscribers, the notable 

disadvantage of this approach is that many of the base stations' capacity is being wasted for a 

large part of the time. Since a typical indoor wireless network deployment involves capital and 

operational costs which are assessed on a per-subscriber basis for each base station, the typically 

high total life cycle cost for a given enterprise facility is far from optimal. 

[00201 A second candidate approach involves deployment of a DAS along with a centralized 

group of base stations dedicated to the DAS. A conventional DAS deployment falls into one of 

two categories. The first type of DAS is "fixed", where the system configuration doesn't change 

based on time of day or other information about usage. The remote units associated with the 

DAS are set up during the design process so that a particular biock of base station radio 

resources is thought to be enough to serve each small group of DAS remote units. A notable 

disadvantage of this approach is that most enterprises seem to undergo frequent re-arrangements 

and re-organizations of various staff groups within the enterprise. Therefore, it's highly likely 

that the initial DAS setup will need to be changed from time to time, requiring deployment of 

additional direct staff and contract resources with appropriate levels of expertise regarding 

wireless networks. 
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[0021] The second type of DAS is equipped with a type of network S'vvitch which allows the 

location and quantity of DAS remote units associated with any particular centralized base station 

to be changed manually. Although this approach would appear to support dynamic DAS 

reconfiguration based on the needs of the enterprise or based on time of day, it frequently implies 

that additional staff resources would need to be assigned to provide real-time management of the 

net\vork. Another issue is that it's not ahvays correct or best to make the same DAS remote unit 

configuration changes back and forth on each day of the \veek at the same times of day. 

Frequently it is difficult or impractical for an enterprise IT manager to monitor the subscriber 

loading on each base station. And it is almost certain that the enterprise IT manager has no 

practical way to determine the loading at a given time of day for each DAS remote unit; they can 

only guess the percentage loading. 

[0022] Another major lirnitation of conventional DAS deployrnents is related to their 

installation, commissioning and optimization process. Some challenging issues which must be 

overcome include selecting remote unit antenna locations to ensure proper coverage while 

minimizing downlink interference from outdoor macro cell sites, minimizing uplink interference 

to outdoor macro cell sites, and ensuring proper intra-system handovers while indoors and while 

moving from outdoors to indoors (and vice-versa). The process of performing such deployment 

optimization is frequently characterized as trial-and-error. Therefore, the results may not be 

consistent with a high quality of service. 

[0023] Based on the conventional approaches described herein, it is apparent that a highly 

efficient, easily deployed and dynamically reconfigurable 'vvireless network is not achievable 

\vith conventional systems and capabilities. Embodiments of the present invention substantially 

overcome the limitations of the conventional approach discussed above. The advanced system 

architecture provided by embodiments of the present invention provides a high degree of 

flexibility to manage, control, enhance and facilitate radio resource efficiency, usage and overall 

perfom1ance of the distributed wireless network. This advanced system architecture enables 

specialized applications and enhancements including, but not limited to, flexible simulcast, 

automatic traffic load-balancing, network and radio resource optimization, network calibration, 

autonomous/assisted commissioning, carrier pooling, automatic frequency selection, radio 

frequency carrier placement, traffic monitoring, and/or traffic tagging. Embodiments of the 

present invention can also serve multiple operators, multi-mode radios (modulation-independent) 
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and multiple frequency bands per operator to increase the efficiency and traffic capacity of the 

operators' wireless networks. 

[0024] Accordingly, embodiments of this architecture provide a capability for Flexible 

Simulcast. With Flexible Simulcast, the amount of radio resources (such as RF carriers, LTE 

Resource Blocks, CDMA codes or TDMA time slots) assigned to a particular DRU or group of 

DRUs can be set via software control to meet desired capacity and throughput objectives or 

wireless subscriber needs. Applications of the present invention are suitable to be employed 

with distributed base stations, distributed antenna systems, distributed repeaters, mobile 

equipment and wireless terminals, portable wireless devices, and other wireless communication 

systems such as microwave and satellite communications. 

[0025] According to an embodiment of the present invention, a traffic monitoring unit is 

provided as a component of one or more elements of the system, enabling measurement of the 

network traffic in the network. A network optimization goal and optimization algorithm is also 

provided so that based on traffic measurements, which is typically a function of the number of 

users on the system, performance of the network is optirnized using the goal and associated 

algorithm. 

[0026] As an example of traffic monitoring, the system could track the power of the down link 

or the power of the uplink. Another example, would include some signal processing, including 

examining certain control signals, for example, pilot signals sent by mobile devices. By locking 

onto these control signals, the traffic monitor can obtain infom1ation on the number of users 

using various components of the system. 

[0027] A distributed antenna system (DAS) provides an efficient means of utilization of base 

station resources. The base station or base stations associated with a DAS can be located in a 

central location andior facility commonly known as a base station hotel. The DAS network 

comprises one or more digital access units (DAUs) that function as the interface between the 

base stations and the digital remote units (DRUs). The DAUs can be collocated \vith the base 

stations. The DRUs can be daisy chained together andior placed in a star configuration and 

provide coverage for a given geographical area. The DRUs are typically connected with the 

DA Us by employing a high-speed optical fiber link. This approach facilitates transport of the RF 

signals from the base stations to a remote location or area served by the DRUs. A typical base 

station comprises 3 independent radio resources, commonly known as sectors. These 3 sectors 
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are typically used to cover 3 separate geographical areas without creating co-channel interference 

between users in the 3 distinct sectors. 

[0028] Traffic monitoring in a DAS network is provided by embodiments of the present 

invention, which has not been perfom1ed in conventional systems. As described herein, the 

traffic monitoring unit can be implemented as a stand-alone unit in conjunction with one or more 

system components, including DAUs, DRJJs, a BTS, a BTS hotei, or the like. 

[0029] Once traffic resources are aggregated into eNodeB hotels, the discrete resources of a 

single eNodeB are still allocated to a specific set of antennas associated with that eNodeB and 

providing coverage to a specific geographic area. The traffic resources are fixed, i.e., only the 

resources associated with a specific eNodeB can be allocated to the antennas associated with that 

eNodeB. However, because the eNodeBs are collocated in an eNodeB hotel, the system can use 

the aggregated traffic resources of the discrete eNodeBs as a single, pooled traffic resource that 

can be allocated according to various algorithms. Assumptions are typically predicated on worst­

case traffic assets in all areas, net\vork design is 'vvasteful 99 percent of the time, inevitably 

resulting in over- or under-provisioning of fixed resources. Traffic resources either go unused 

(idle channels), or are under-provisioned and are insufficient to handle the offered traffic. Both 

circumstances give rise to the same outcome: lost revenue and lost opportunity. When a site's 

traffic resources are idle and unused, the traffic asset faiis to provide an optimal return on 

investment. But a site that lacks sufficient capacity to support the offered traffic at any point 

during the day gamers dropped calls, lost revenue opportunity, and dissatisfied customers. The 

traffic information derived from an extensive sensor net\vork wiil be used to dynamically 

allocate the traffic resources to the required geographical areas only for the time period the 

service is needed. Once the service is supplied and the trafik sensor network determines that the 

traffic resources are no longer required, they are returned to the resource pool for reallocation. 

The entire network automatically reconfigures itself based on the perceived (sensed) need or in 

the event of disruption due to natural or manmade events. Geographic load balancing using DAS 

is recognized as a new approach for traffic load balancing which provides dynamic load 

redistribution in real time according to the current geographic traffic conditions. It can be used to 

improve the performance for any distributed systems containing non-uniformly distributed 

traffic, especially for resolving traffic hot spots. 
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[0030] The network's performance (expressed by the number ofKPis (Key Performance 

Indicators) from different parts of the network) determines the QoS values. Different operators 

may have different defined business goals and different services of interest. Based on these 

considerations, efficient and cost effective network performance management varies from 

operator to operator. Therefore, QoS metrics could be defined and mapped to a set of KP Is. 

[0031] An embodiment shown in FIG. l illustrates a basic DAS network architecture 

according to an embodiment of the present invention and provides an example of a data transport 

network, traffic monitoring and network optimization scenario between a 3 sector Base Station 

and multiple DRUs. In this embodiment, the DRUs are daisy chained together to achieve 

coverage in a specific geographical area. Each individual sector covers an independent 

geographical area, which is identified as a Celi. Although embodiments are discussed in terms 

of optimization of DAS networks, the term optimization is properly understood to include 

performance improvements in comparison to conventional systems, even if complete 

optimization is not achieved. Thus, optimization does not require the maximum values for traffic 

management metrics, but also includes distribution of traffic that improves system performance 

while remaining short of maximum perfom1ance. 

roo32] FIG. l depicts a DAS system employing multiple Digital Remote Units (DRUs) and 

multiple Digital Access Units (DAUs). In accordance with the present invention, each DRU 

provides unique information associated with each DRU which uniquely identifies uplink data 

received by that particular Digital Remote Unit. 

[0033] One feature of embodiments of the present invention is the ability to route Base Station 

radio resources among the DRUs or group(s) ofDRUs. In order to route radio resources 

available from one or more Base Stations, it is desirable to configure the individual router tables 

of the DAl.Js and DRUs in the DAS network. This functionality is provided by embodiments of 

the present invention. 

[0034] The DA Us are networked together to facilitate the routing of DRU signals among 

multiple DA.Us. The DA Us support the transport of the RF dmvn!ink and RF uplink signals 

between the Base Station and the DRUs. This architecture enables the various Base Station 

signals to be transported to and from multiple DRUs. PEER ports are used for interconnecting 

DA.Us and interconnecting DRUs. 
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[0035] The DA Us have the capability to control the gain (in small increments over a wide 

range) of the downlink and uplink signals that are transported between the DAU and the base 

station (or base stations) connected to that DAU This capability provides flexibility to 

simultaneously control the uplink and downlink connectivity of the path between a particular 

DRU (or a group ofDRtJs via the associated DAU or DA.Us) and a particular base station sector. 

[0036] Embodiments of the present invention use router tables to configure the networked 

DAUs. The local router tables establish the mapping of the inputs to the various outputs. 

Internal Merge blocks are utilized for the Downlink Tables when the inputs from an External 

Port and a PEER Port need to merge into the same data stream. Similarly, Merge blocks are 

used in the Uplink Tables when the inputs from the LAN Ports and PEER Ports need to merge 

into the same data stream. 

[0037] The remote router tables establish the mapping of the inputs to the various outputs. 

Internal :Merge blocks are utilized for the DmNnlink Tables when the inputs from a LAN Port and 

a PEER Port need to merge into the same data stream. Similarly, Merge blocks are used in the 

Uplink Tables when the inputs from the External Ports and PEER Ports need to rnerge into the 

same data stream. 

[0038] As shmvn in FIG. 1, the individual base station sector's radio resources are transported 

to a daisy-chained network ofDRUs. Each individual sector's radio resources provide coverage 

to an independent geographical area via the networked DRUs. FIG. 1 demonstrates how three 

cells, each cell comprising an independent network of 7 DRUs, provide coverage to a given 

geographical area. A server is utilized to control the switching function provided in the DAS 

network. RefeITing to FIG. 1 and by way of example, DAU l (102) receives downlink signals 

from BTS Sector l (101). DAU l translates the RF signals to optical signals and the optical fiber 

cable 103 transports the desired signals to DRU 2 (104). Optical cable 105 transports all the 

optical signals to DRU 3 (106) The other DRUs in the daisy chain are involved in passing the 

optical signals onward to DRU 1 (107). DAU 1 (102) is networked with DAU 2 (108) to allow 

the downlink signals from Sector 2 (109) and Sector 3 (110) to be transported to all the DRUs in 

Cell 1. The system's switching and routing functions enable the selection of which sectors' 

signals are transmitted and received by each DRU. 

[00391 An embodiment illustrating a Traffic monitoring unit (121) at the DAUs is included to 

track the traffic load at each DAU in the network. The traffic load associated with each DAU is 
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collected and stored in the Network Optimization Unit (120). The optimization unit (120) 

calculates the overall DAS network performance and determines the optimum reconfigured 

network to improve or maximize performance. Utilizing the traffic monitoring unit 12 l in 

conjunction with the DA Us provides for optimization of the DAS network through a traffic 

monitoring unit external to the DA Us. Thus, embodiments of the present invention provide for 

traffic monitoring in a DAS net\vork. Optimization of the DAS network can then be performed 

using infonnation related to the traffic monitoring. 

[0040j Referring to FIG. 1, the traffic monitor unit 12 l can be a server determining the number 

of users on each DAU, with each DAU having multiple ports in some embodiments. Data from 

the traffic monitor unit 121 is then provided to the network optimization unit 120, which can be 

the same server including the traffic monitor unit or a different server. The network optimization 

unit 120 (which can be software running on a server) can model the rebalancing of the traffic 

load and, after determining that the performance will be acceptable, implements the load 

rebalancing by communicating with the DAUs and shifting traffic between sectors. Although the 

network optimization unit 120 is illustrated as coupled to the DAUs in FIG. 1, this is not required 

by embodiments of the present invention and the network optimization could be performed at 

one of the DR Us, with data regarding network optimization being transmitted back to the DA Us 

using, for example, using an Ethernet backhaul connecting the DRUs to the DA Us. Thus, the 

network optimization server could be located at one of the DR Us, controlling the entire net\vork 

from that location. One of ordinary skill in the art would recognize many variations, 

modifications, and alternatives. 

[0041 j The network optimization unit can implement a network optimization goal, which may 

relate to the number of users per sector, for example, that each sector carry a percentage of trafik 

less than 50% of the total traffic, less than 40~o of the total traffic, or less than 35% of the total 

traffic, that each sector have less than Sm'o of the users, less than 40% of the users, less than 35~o 

of the users, or that each sector have 33% of the users, or the like. Thus, the optimization goals 

can include metrics of the system performance. Although the system may not reach the goals, 

progress toward the goals can be provided, improving the user experience. 

[00421 FIG. 2 shows an embodiment illustrating how a single base station can be used to 

provide coverage for a larger geographical area when a frequency reuse pattern of N"0 l is used. 
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Referring to FIG. 2, cell 1 and cell 8 would share the radio resources of sector 1 of the base 

station. Similarly, cell 2 and cell 10 would share the radio resources of sector 2. 

[0043] The DA Us control the routing of data between the base station and the DR Us. Each 

individual data packet is provided with a header that uniquely identifies which DRU it is 

associated with. The DAUs are interconnected to allow transport of data among multiple DAUs. 

This feature provides the unique flexibility in the DAS network to route signals between the 

sectors and the individual DRUs. A server is utilized to control the switching function provided 

in the DAS network Referring to FIG. 2, and by way of example, DAU l (202) receives 

downlink signals from BTS 1 Sector 1 (201). DAU 1 translates the RF' signals to optical signals 

and the optical fiber cable 203 transports the desired signals to DRU 2 (204). Optical cable 205 

transports all the optical signals to DRU 3 (206). The other DRUs in the daisy chain are 

involved in passing the optical signals onward to DRU l (207). DAU l (202) is networked with 

DAU 2 (208) to allow the downlink signals from Sector 2 and Sector 3 to be transported to all 

the DRUs in Cell 1. Optical fiber cable 209 transports the desired signals to DRU 23 (210). 

Optical cable 211 transports ali the optical signals to DRU 24 (212). The other DRU s in the 

daisy chain are involved in passing the optical signals onward to DRU 22 (213). An embodiment 

illustrating a Traffic monitoring unit (221) at the DA Us is included to track the traffic load at 

each DAU in the network. The traffic load associated with each DAU is collected and stored in 

the Network Optimization Unit (220). The optimization unit (220) calculates the overall DAS 

net\vork pe1formance and determines the optimum reconfigured network to maximize 

perfom1ance. 

[0044] FIG. 3 shmNs an embodiment illustrating an application employing a base station hotel 

where N BTSs are interconnected to serve a given geographical area. The base stations may 

represent independent wireless network operators and/or multiple standards (WCDMA, LTE, 

etc.) or they may represent provision of additional RF carriers. The base station signals may be 

combined before they are connected to a DAU, as may be the case for a Neutral Host 

application. Referring to FIG. 3 and by way of example, DAU 1 (302) receives downlink signals 

from BTS Sector 1 (301). DAU 1 translates the RF signals to optical signals and the optical fiber 

cable 303 transports the desired signals to DRU 2 (304). Optical cable 305 transports all the 

optical signals to DRU 3 (306). The other DRUs in the daisy chain are involved in passing the 

optical signals onward to DRU 1 (307). DAU 1 (302) is networked with DAU 2 (308) to allow 

the downlink signals from BTS 1 Sector 2 to be transported to ail the DRUs in Cell 1. DAU l 
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(302) receives downlink signals from BTS Sector N (309). DAU l translates the RF signals to 

optical signals and the optical fiber cable 303 transports the desired signals to DRU 2 (304). 

Optical cable 305 transports all the optical signals to DRU 3 (306). The other DRUs in the daisy 

chain are involved in passing the optical signals onward to DRU 1 (307). The additional base 

stations provide the capability to add capacity for Cell 1. 

[0045] In order to efficiently utilize the limited base station resources, the network ofDRUs 

should have the capability of re-directing their individual uplink and downlink signals to and 

from any of the BTS sectors. Because the DR.Us data traffic has unique streams, the DAU 

Router has the mechanism to route the signal to different sectors. An embodiment illustrating a 

Traffic monitoring unit (321) at the DA Us is included to track the traffic load at each DAU in the 

net\vork. The traffic load associated with each DAU is collected and stored in the Network 

Optirnization Unit (320). The optimization unit (320) calculates the overall DAS network 

performance and determines the optimum reconfigured network to maximize performance. 

[00461 FIG. 4 shows the two primary elements in a DAU, the Physical Nodes (400) and the 

Local Router (401). The Physical Nodes translate the RF signals to baseband for the Downlink 

and from baseband to RF for the Uplink. The Local Router directs the traffic between the 

various LAN Ports, PEER Ports and the External Ports. The physical nodes connect to the BTS 

at radio frequencies (RF). The physical nodes can be used for different operators, different 

frequency bands, different channels, or the like. The physical nodes can combine the downlink 

and uplink signals via a duplexer or they can keep them separate, as would be the case for a 

simplex configuration. In one embodiment, Traffic monitoring (416) capability is provided in 

each DAU for determining the traffic load at each of the DAU ports. In this embodiment, the 

traffic monitoring function is performed in each DAU in comparison with other implementations 

in which the traffic monitoring is performed externally. 

[0047] FIG. 4 shows an embodiment whereby the physical nodes have separate outputs for the 

uplinks (405) and separate inputs for the downlink paths ( 404). The physical node translates the 

signals from RF to baseband for the downlink path and from baseband to RF for the uplink path. 

The physical nodes are connected to a Local Router via external ports ( 409,410)). The router 

directs the uplink data stream from the LAN and PEER ports to the selected External U ports. 

Similarly, the router directs the downlink data stream from the External D ports to the selected 

LAN and PEER ports. 
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[0048] In one embodiment, the LAN and PEER ports are connected via an optical fiber to a 

network ofDAUs and DRUs. The network connection can also use copper interconnections 

such as CAT 5 or 6 cabling, or other suitable interconnection equipment. The DAU is also 

connected to the internet network using IP ( 406). An Ethernet connection (408) is also used to 

communicate between the Host Unit and the DAU. The DRU can also connect directly to the 

Remote Operational Control center ( 407) via the Ethernet port. 

roo49] FIG. 5 shows the two primary elements in a DRU, the Physical Nodes (501) and the 

Remote Router (500). The DRU includes both a Remote Router and Physical Nodes. The 

Remote Router directs the traffic between the LAN ports, External Ports and PEER Ports. The 

physical nodes connect to the BTS at radio frequencies (RF) The physical nodes can be used for 

different operators, different frequency bands, different channels, etc. FIG. 5 shows an 

embodiment whereby the physical nodes have separate inputs for the uplinks (504) and separate 

outputs for the downlink paths (503). The physical node translates the signals from RF to 

baseband for the uplink path and from baseband to RF for the downlink path. The physical 

nodes are connected to a Remote Router via external ports (506,507). The router directs the 

downlink data stream from the LAN and PEER ports to the selected External D ports. Similarly, 

the router directs the uplink data stream frorn the External lJ ports to the selected LAN and 

PEER ports. The DRU also contains a Ethernet Switch (505) so that a remote computer or 

wireless access points can connect to the internet. 

[0050] In one ernbodiment, the traffic monitoring (516) capability is provided in each DRU for 

determining the traffic load at each of the DRU ports. In this embodiment, the traffic monitoring 

function is perfom1ed in each DRU in comparison \vith other implementations in which the 

traffic monitoring is performed externally. 

[00511 As shown in FIG. 6, the base station hotel (610) is comprised of multiple Picoce!ls. 

The Picocells are typically wireless operator dependent and frequency band dependent. Picocells 

that operate in the same frequency band are combined at RF and input to the respective DA.Us. 

The DAU radio resources from the combined Picocells are transported to a daisy-chained 

network of DRUs. Each individual DA Us radio resources provide coverage to an independent 

geographical area via the networked DRUs. FIG. 6 demonstrates how multiple DAUs, each cell 

comprising an independent network of 7 DR Us, provide coverage to a given geographical area. 
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In one embodiment, the traffic monitoring functionality is located in an external Traffic 

Monitoring Unit (621), which is connected to the network ofDAUs. 

[0052] As shown in FIG. 7, the base station hotel (710) is comprised of nmltiple Picocells. The 

Picocells are typically wireless operator dependent and frequency band dependent. Picoce!ls that 

operate in the same frequency band are combined at RF and input to the respective DAUs. The 

DAU radio resources from the combined Picocel!s are transported to a daisy-chained network of 

DRUs. Each individual DAUs radio resources provide coverage to an independent geographical 

area via the networked DRtJs. FIG. 7 demonstrates how multiple DAUs, each cell comprising 

an independent network of 7 DR.Us, provide coverage to a given geographical area. In one 

embodiment, the traffic monitoring functionality is located in an external Traffic Monitoring 

Unit (721), which is connected to the Picocells. The BTS Hotel 710 includes a plurality of 

Picocells that are coupled to traffic monitoring unit 720. The traffic information flows from the 

Picocells to the traffic monitoring unit, which uses this traffic information to optimize the DAS 

network. The traffic monitoring unit 820 works in conjunction with network optimization unit 

721, which can include traffic management algorithms used to distribute traffic efficiently 

throughout the DAS network. 

[0053] FIG. 8 shows an embodiment of a base station hotel (810), which is comp1ised of 

multiple picoce!ls that are interconnected to a network of DA Us via a digital interface (830). 

[0054] FIG. 9 illustrates one embodiment of the DAS network optimization flow diagram. The 

Key Performance Indicators (KPis) of the network traffic are collected at the various network 

nodes (910). KPI may comprise information such as: number of blocked calls, number of active 

calls, average power of uplink channels, average power of downlink channels, traffic on each 

sector, failed calls, number of satisfied users, number of unsatisfied users, number of users 

operating through a given DRU, and the like. 

[00551 The DAS network performance is then analyzed in the context of the available DAS 

network radio resources (912). An optimization algorithm is applied to the existing DAS network 

with the objective to determine the optimum routing of network traffic (914). Once an optimum 

DAS network has been determined then an estimate of the reconfigured DAS network 

performance is determined (916). The reconfigured DAS network is evaluated prior to an 

implementation to insure that the performance will be acceptable. If the reconfigured DAS 

network has been determined to be acceptable then the reconfigured DAS network is 
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implemented (918) and the entire process is repeated. In an embodiment, the load on the sectors 

prior to reconfiguration and after the proposed reconfiguration can be compared to detem1ine if 

the shifting of the DRUs to the other sectors improves the system performance. 

[00561 Thus, using the KPis of the network traffic, the DAS network can be modified to 

improve system performance. As an example, if a particular DRU has a higher load than other 

adjacent DRUs, traffic can be routed to the adjacent DRUs in order to reduce the ioad on the 

particular DRU. Additional description related to load balancing is provided in U.S. Patent 

Application No. 61/600,530, filed on February 17, 2012, entitled "Evolutionary Algorithms for 

Geographic Load Balancing Using a Distributed Antenna System," the disclosure of which is 

hereby incorporated by reference in its entirety for all purposes. 

[0057] As an example of optimizing network performance, a base station typically has three 

sectors. The DRU can be allocated to different sectors in order to improve performance by 

shifting traffic from a first sector (e.g., a high traffic sector) to a second sector (e.g., a low traffic 

sector) by shifting a DRU allocated to the first sector to the second sector. Although some 

embodiments of the present invention will not optirnize perfonnance of the system, the systern 

performance can be improved using the techniques described herein, for example, by measuring 

the traffic load on the DR Us, perfom1ing load balancing of the traffic on the DR Us, to reduce the 

load on a first DRU characterized by a first traffic load by shifting the load to a second DRU 

characterized by a second traffic load less than the first traffic load. In the optimization process, 

system performance can be measured against a predetermined threshold, with the optirnization 

process terminating once the predetermined threshold has been reached. One of ordinary skill in 

the art would recognize many variations, modifications, and alternatives. 

[0058] As another example, power settings for the DRUs can be modified to improve system 

performance as discussed in additional detail in U.S. Patent Application No. 61/669,572, filed on 

July 9, 2012 and entitled, "A Self-Optirnizing Distributed Antenna System Using Soft Frequency 

Reuse," the disclosure of which is hereby incorporated by reference in its entirety for all 

purposes. 

[0059] FIG. 10 illustrates one embodiment of the DAS network calculation of the KPis and 

QoS. The important parameters for determining the DAS network QoS include the number of 

users allocated to a given DRU, the spatial distance between the various DRUs, as well as 

identifying which DRtJs are assigned to which BTS sector. 
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[0060] FIG. 11 illustrates one embodiment of the flmv chart for the optimization algorithm. In 

this embodiment an Estimation Distiibution Algorithm (EDA) is used. Various DRU allocation 

scenarios are investigated to determine the optimum DRU scenario that achieves the highest 

QoS. In an embodiment, the initial population is generated (1110). The traffic information 

(KPis) is analyzed and traffic performance (QoS) for all sectorization is analyzed (1112). A sort 

procedure is performed (1114) and a determination is made if the convergence criterion are 

satisfied ( 1116). If so, the process is terminated. If not, then the generation counter is updated 

(1118), a sort operation is pe1fom1ed (1120), the parameter r is computed (l 122) and a new 

population is generated (1124). Then the method proceeds to the traffic information and 

performance analysis (1112). 

[0061] Network Optimization 

[0062] The network's performance (expressed by the number of KPis from different parts of 

the network) determines the QoS values. Different operators may have different defined business 

goals and different services of interest. Based on these considerations, efficient and cost effective 

net\vork pe1formance management varies from operator to operator. Therefore, QoS metrics 

could be defined and mapped to a set ofKPis. \Vhen a set of KPis is used, then the mapping 

needs to be represented by a weighted normalized function. 

[00631 In this section 'vve formulate the sectorization problem with mixed integer programming 

to balance traffic among sectors and to minimize handoffs with connected and compact sectors. 

Given the sectorization of DRUs at time period t, our problem is to obtain new sectorization at 

time period t+ 1 that adaptively balances the change in traffic demands. 

[0064] In order to formulate the problem, we consider a service coverage area with N DR Us. 

Each DRU is assumed to have traffic demand~ i = 1, .. , N . Note that, UE,"' belongs to DRUB if 

the received uplink power from UEA at DRUB is greater than the other DR Us. Let P,; be the 

transition probability of mobiles from DR lJ, to DRU .. Then, the handoff calls from DF< U. to 
- J ' 

DRU becomeh = v T. The distance between DRU and DRU is inverselv proportional to p 
j 1J ..1.. 1J : l J "" lf 

Assume that an eNodeB hotel hasA1 VBSs. Let SOS and SOD, be the set of sectors in VBS m K m 

and the set of DR Us allocated toSectoric, respectively, such that ISOS
111

I = 3 (if each eNodeB/VBS 

has three sectors), m 1, ... , A-1 and k 1, ... , K. We consider the following three cost factors 

(KPis) in the sectorization problem: 
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[0065] KPIBc (Inverse of the number of Blocked Calls): The penalty of the blocked calls 

caused by hard capacity and soft capacity. Let HCm and SCk be the hard capacity of VB,S',,, and 

soft capacity· of Sectm: respectively such that HC === "5-, SCk . The binarv variable x, = l ,_ when 
K ~ m /--JI' -.1 tK 

kESOS'/1) 

DRU1 belongs to Secto'1c y 1m === L xtk, then Y,m = l when DRU 1 belongs to VBSm. 
kc:SOSl/1 

i O tl L 1;.xik < SC, 
~·c --- j 

,_ k - ! Y I;x, - c'-X:k otherwise 
',;;__J ' t,~ -

l l 

he =, I; v - HC = ~ T ' x - ~ 5i'C1• m kn-I ,,,, zrn m L-t t ~ zk ~ ~ 

0) 

Since a penalty occurs only when the calls are blocked, we apply just sc, to the objective function, 

because the he is a function ofsek and there is no need to add it as another term to the obJ. ective 
m 

function. sck is a nonnegative real variable. So, 

KPIBc =[ I sck:·-J 
kccSOS 

-- m --

roo66] KPIHo (Inverse of the number ofHandoffs): we consider three different types of 

Hand.offs. 

[0067j A. lnter-eNodeB Handoff: When user equipment (UE) with an ongoing call moves 

from one VBS to another VBS, then the lJE needs an inter-eNodeB handoff. Inter-eNodeB 

hand.off is executed using the X2 interface (as iong as the UE does not ieave the LTE coverage 

area) or Sl interface (when the UE leaves the serving cell). The X2 handoff includes establishing 

a signaling connection using the X2 Application Part (X2AP) from the source to the target 

eNodeB. The target eNodeB updates the Mwrn (Mobility Management Entity) with the new 

geographic position of the UE. To enable this procedure, the MME needs to communicate with 

S-GW (Serving Gateway) to negotiate the new endpoint. During the Si hando±1~ the :MME 

receives the relocation preparation request of the source eNodeB, it starts the handoff resource 

allocation procedure to request the necessary radio resource from the target eNodeB. After the 

l7 



target eNodeB sends the required radio interface parameters embedded in a handoff command 

message; the MT\1E forwards this handoff command message transparently to the 1.JE, which 

executes the handoff. The main procedure is triggered by the MME and executed by S-GW 

[0068j Let the binarv variablez "1, when DRU and DRU belong tov'.E'S . Then the inter-
J ~m 1 J - m 

eNodeB handoff cost is computed by using the variable zu = 1--- L:Zum , the cost becomes 

[0069j Note that inter-eNodeB handoff occurs when DRU, andDRU
1 
belong to different VBS, 

lntra-el'·lodeB HandoJJ:· \,Vhen a lJE with an ongoing call moves from one sector to 

another in a VBS, then the mobile needs an intra-eNodeB handoff. This procedure doesn't need 

to involve MME or S-G\V because it can be handled entirely within that \lBS. Now by letting 

the binary variable w . = l when DRU and DRU belong to sector k, the intra-eNodeB handoff 
ijK I j 

cost is computed by using two variables wlj - z;; where U\ = 1--- L wi
1
k , the cost becomes 

k 

'V > h. (,11 - z_ .. ) . 
~J.-.,J 'J {! l/ 

[0071] An intra-eNodeB handoff occurs when DR U 1 and DRU. belong to different sectors of 
.I 

the same v13S. 

[0072] C. Forced Handl?ff: \Vhen a DRU changes its sector, all ongoing calls in the cell have 

to change their pilot PN offsets for WCD:MA. The cost of forced handoff is computed by 

employing the current sectorization a,k, which is equal to zero when DF<lf, is in Secto~c. Since 

the cost occurs when DRU, currently in another sector moves into Sectmk, the cost becomes 

LLa1k1;xt1c. 
i k 

[0073j The weighted cornbination of these three handoff cost would be: 

KPI,
10 

=[c
1
'-''"'h;,z +c:

2
'\"''\"'!t(½';, -z,)+c,v,;,;;,.-,v,;,;;,.-'aJx;, -_--i 

_, ~~ ~I U ~~ 'J ~I lj _ LL lk 1 .,( 

i j i J i k 
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[0074] KPlc:1 (Inverse r~f' the Compactness Index): we will try to minimize the length of 

handoff border with the compactness index CJ which is introduced in Section II.B. In Equation 

( 4) the numerator term represents the number of handoff DRU sides between two different 

sectors. 

·where B = J, if DRU; and DRU are adjacent. 
lj , I j 

Now we consider the following constraints required in the fommlation: 

1. each DRU has to belong to a sector, that is, 

(4" . ) 

JX, =l 
,i,_,_,J tK 

for all i (5) 

2. The relationship between any two DR Us in a Sector;, has to satisfy w,Jk cc l if and oniy if 

cc, x
1
k cc I. Thus we have: 

. w . ::; x ,. and w , 2 x ,. + x . - l 7 l)F. ],'\, iJK !:{ JI,~ 
for all i,j and k (6) 

[00751 The relationship between two DRU sin a VB5'm. z,
1
"' = l if and only if 

cc v ,cc I which leads to: ,,, ;m 

z < ;1 z < v and z > y'' .,. y'' ---1 for all i,_;· and k 
z;m - ;m ' ym - J J!n ¥ r;m - mt ' Jt!t (7) 

3. Connected sectorization, if a sector has more than one DRU, then the DR Us of the sector have 

to be connected. For the formulation of connected sectors we employ the cut theorem [26] on SO Dk. 

If Sectmk is connected, then any cut that separates cells in SOI\ has at least one common side of the 

hexagonal cells. Let Slk be a proper subset of SO Dk, that is, Slk c SODk, Slk *¢;,and Slk *SOI\. 

Also let S2k be the opposite set of Slk , that is, S2k = SOL\ -Slk. Because two subsets are connected, 

there exists at least one common side of the DRUs separated by the subsets. Thus we have 

[0076j Now, our QoS function is the weighted combination of three KP Is (cost factors) which 

we have already introduced. Obviously our objective function is to maximize the QoS function. 

They are penalties of blocked calls by hard and soft capacities and handoff calls. The DRU 

sectorization can be formulated as the following mixed integer linear programming. 

19 

(8) 



Afinimize 

tJ s,--i KP-J ' KPI 1 KPJ ' '.;;✓ 0, = ll\. BC '+ W2 · . HO-- + 11-\. CJ--, 

Subject to: 

)X, =l 
~ l!l. 

for all i 

w , '..S; x1, w , :'..~ x, and u,k ?: x, + x 1 --- I U,( u: l)K j,( (I l,( j.C 
for all i, j and k 

k 

z=1---Yz. 
lJ L-i lj/[ 

k 

h = p T 
I/ - I/ l 

for all i, j 

fora!! m 

for all i, j 

for all i, j and m 

for all i and j 

for all m 

otherwise 
for all k 

for all i, j, k and m 

[00771 Note that many grouping problems which are special cases of the sectorization problem 

are well-knmNn NP-hard problems. Since our problem is NP hard, the tirne it takes to execute the 

algorithm is exponentially increasing with the size of the problem. Such an algorithm is thus in 

most cases unusable for real-world size problem. As an encouraging result on NP-hard problems, 

we investigate evolutionary algorithms to soive the sectorization problem and compare the 

performance with the solutions obtained by the mixed integer programming. 

[00781 Estimation distribution algorithm (EDA) 

[00791 Unlike other evolutionary algorithms, in EDA a new· population of individuals in each 

generation is generated 'vvithout crossover and mutation operators. Instead, in EDA a nevv 

population is generated based on a probability distribution, which is estimated from the best 

selected individuals of previous generation. We introduce each main-vector as an individual for 

our EDA approach, and also our fitness function is objective function that we mentioned it in 

section III. In general, conventional EDAs can be characterized by parameters and notations: 
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(fs,F,At,1/!,/Jl,Ps,I', her) 

where 

1) 

2) 

3) 

4) 

Isis the space of all potential solutions ( entire search space of individuals). 

F denotes a fitness function. 

Ai is the set of individuals (population) at the 1th generation. 

1v is the set of best candidate solutions selected from set A1 at the 1th generation. 

C ,. 
\Ve denote /Jz = Az - 171= At il 17 1 . where rrz is the complement of ff!. 

(11) 

5) 

6) psis the selection probability. The EDA algorithm selects psll1.1i individuals from set A1 to make 

up set 171. 

7) \Ve denote by r the distribution estimated from 171 (the set of selected candidate solutions) at 

each generation. 

8) her are the maximum number of generation 

In conventional EDAs, each individual is designated by a string. A typical EDA is described in the 

following steps: 

Step 0: G·enerate initial population Ao. The initial population (ll~.ol individuals) is typically obtained by 

sampling according the uniform (equally likely) distribution: 

n 

(BpBz,L ,tin)= f1p, (19,), 
/..::.J 

1 
)=-M-, --

I1sosn1 (12) 
n=l 

For generation 1 = 1,2, .... , follow steps l through 6 

Step 1: Evaluate the individuals in the current population l\ 1 according to the fitness function F. Sort 

the candidate solutions (individuals in the current population) according to their fitness orders. 

Step 2: If the best candidate solution satisfies the convergence criterion or the number of generation 

exceeds its limit I,er , then terminate; else go to step 3. 

Step 3: Select the best pst11 1 candidate solutions (individuals) from current population A1-1. This 

selection is accomplished according to the sorted candidate solutions. 

Step 4: Estimate the probability distribution p ( ()t, t12 ,L , B,,) on the basis of !111- 11 best candidate solutions. 

\Ve denote this estimation by 

Step 5: Generate new IA1-1l---· l111-1i individuals on the basis of this new estimated probability distribution 

r. Replace the bad ir1-1i individuals with newly generated iA1-1i-l111-1i individuals. 
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Step 6: Go to step 1 and repeat the steps 

\Ve followed the steps of the above pseudo code for our EDA implementation. In our 

experimentation, for estimation (13 ), we used a simple scheme of estimating the marginal distributions 

separately and using product fonn 
n 

= p(Gp82 ,L ,0,, iri, 1) =f1p(G, 
,_-_j 

Where c5 is an indicator function and it can be expressed as 

r1 ·r 1 --- A .,(· .. . (J' . , .. : 1 X ---J ,)x'-- 1n --~ ' ~ ' --
1 11 i} -- i O otherwise 

I. 

[0080] It is also understood that the examples and embodiments described herein are for 

illustrative purposes only and that various modifications or changes in light thereof will be 

suggested to persons skilled in the art and are to be included within the spirit and purview of this 

application and scope of the appended claims. 

[0081] Appendix I is a glossary of terms used herein, including acronyms. 
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A_PPENDIX I 

Glossary of Tem1s 

ACLR 
ACPR 
ADC 
AQDM 
AQM 
AQDMC 
AQMC 
BPF 
CDMA 
CFR 
DAC 
DET 
DHMPA 
DDC 
DNC 
DPA 
DQDM 
DQM 
DSP 
DUC 
EER 
EF 
ET 
EVM 
FFLPA 
FIR 
FPGA 
GSM 
1-Q 
IF 
LINC 
LO 
LPF 
MCPA 
MDS 
OFDM 
PA 
PAPR 
PD 
PLL 
QA1V[ 
QPSK 
RF 
RRH 

Adjacent Channel Leakage Ratio 
Adjacent Channel Power Ratio 
Analog to Digital Converter 
Analog Quadrature Demodulator 
Analog Quadrature Modulator 
Analog Quadrature Demodulator CoITector 
Analog Quadrature Modulator Corrector 
Bandpass Filter 
Code Division Multiple Access 
Crest Factor Reduction 
Digital to Analog Converter 
Detector 
Digital Hybrid Mode Power Amplifier 
Digital Down Converter 
Dmvn Converter 
Doherty Power Amplifier 
Digital Quadrature Demodulator 
Digital Quadrature Modulator 
Digital Signal Processing 
Digital Up Converter 
Envelope Elimination and Restoration 
Envelope Following 
Envelope Tracking 
EITor Vector Magnitude 
F eedforward Linear Power Amplifier 
Finite Impulse Response 
Field-Prograrnmable Gate Array 
Global System for :Mobile communications 
In-phase / Quadrature 
Intermediate Frequency 
Linear Amplification using Nonlinear Components 
Local Oscillator 
Low Pass Filter 
Multi-Carrier Power Amplifier 
l\folti-Directional Search 
Orthogonal Frequency Division Multiplexing 
Power Amplifier 
Peak-to-Average Power Ratio 
Digital Baseband Predistortion 
Phase Locked Loop 
Quadrature Amplitude Modulation 
Quadrature Phase Shift Keying 
Radio Frequency 
Remote Radio Head 



RR.U 
SAW 
UNITS 
UPC 
WCDMA 
WLAN 

Remote Radio Head Unit 
Surface Acoustic Wave Filter 
Universal Mobile Telecommunications System 
Up Converter 
Wideband Code Division Multiple Access 
Wireless Local Area Network 
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