UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,670,722 B2 Page 1 of 1
APPLICATION NO. : 13/321076

DATED : March 11, 2014

INVENTOR(S) : Miao et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification
In Column 4, Line 26, delete “deter mined” and insert -- determined --, therefor.
In Column 9, Line 39, delete “port 300.” and insert -- bank 300. --, therefor.

In Column 15, Line 67, delete “terns” and insert -- term --, therefor.

Signed and Sealed this
Twenty-sixth Day of August, 2014

Tecbatle ZX Loa

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Office

Procomm Exhibit 2015
Ericsson v. Procomm
IPR2025-01453, Page 1 of 365



PTO/SB/44 (09-07)

Approved for use through 08/31/2013. OMB 0651-0033

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 displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of 1
PATENT NO. 18,670,722 B2

APPLICATION NO. : 13/321,076
ISSUE DATE : March 11, 2014

INVENTOR(S) : Miao, et al.

It is certified that an error appears or errors appear in the above-identified patent and that
said Letters Patent is hereby corrected as shown below:

In Column 4, Line 26, delete “deter mined” and insert - - determined - -, therefor.
In Column 9, Line 39, delete “port 300.” and insert - - bank 300. - -, therefor.

In Column 15, Line 67, delete “terns” and insert - - term - -, therefor.

MAILING ADDRESS OF SENDER (Please do not use customer number below):

6300 Legacy, MS EVR 1-C-11
Plano, TX 75024
972-583-8656

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. 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 1.0 hour 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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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) fumishing 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:

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.

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.

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.

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).

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.

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)).

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 goveming 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.

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 pubilic 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.

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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IN THE UNITED STATES PATENT & TRADEMARK OFFICE

IN RE APPLICATION OF: U.S. Patent No. 8,670,722

USPTO CONFIRMATION CODE: 2274

APPLICATION NO.: 13/321,076

PCT FILED: May 20, 2009

U.S. FILED: November 17, 2011

EXAMINER: Lewis West

GROUP ART UNIT: 2648

FOR: AUTOMATIC DETECTION OF ERRONEOUS CONNECTIONS BETWEEN

ANTENNA PORTS AND RADIO FREQUENCY PATHS

37 CFR 1.322 & 37 CFR 1.323 REQUEST FOR CERTIFICATE OF CORRECTION
FOR USPTO AND/OR APPLICANT MISTAKE

HONORABLE COMMISSIONER OF PATENTS & TRADEMARKS
SIR:
The following is a request for a certificate of correction in Serial Number

13/321,076, now Patent Number §8,670,722.

A certificate of correction under 35 USC 254 is respectfully requested in the
above-identified patent.

All errors were the fault of the USPTO, no fee required. In the event that a further
fee is required, please charge the amount to our Deposit Account No. 50-1379.

The exact locations where the errors appear in the patent and patent application
are as follows:
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In Column 4, Line 26, delete “deter mined” and insert - - determined - -, therefor.
(ORIGINALLY FILED SPECIFICATION DATED NOVEMBER 17, 2011,
PAGE 5, LINE 9)

In Column 9, Line 39, delete “port 300.” and insert - - bank 300. - -, therefor.
(AMENDMENTS TO THE SPECIFICATION DATED NOVEMBER 25, 2013,
PAGE 3 OF 14, LINE 18)

In Column 15, Line 67, delete “terns” and insert - - term - -, therefor.
(ORIGINALLY FILED SPECIFICATION DATED NOVEMBER 17,2011,
PAGE 19, LINE 4)
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The requested corrections are attached on Form PTO 1050.

Respectfully Submitted

, 2014 /Ronald J. Ward,Reg#54870/

DATE Ronald J. Ward
Registration No. 54,870
Attorney of Record
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Electronic Acknowledgement Receipt

EFSID: 19492717
Application Number: 13321076
International Application Number:
Confirmation Number: 2274

Title of Invention:

AUTOMATIC DETECTION OF ERRONEOUS CONNECTIONS BETWEEN ANTENNA
PORTS AND RADIO FREQUENCY PATHS

First Named Inventor/Applicant Name:

Qingyu Miao

Customer Number:

24112

Filer:

Steven Ware Smith/Diane Taylor

Filer Authorized By:

Steven Ware Smith

Attorney Docket Number:

4015-7892 / P28266-US1

Receipt Date: 03-JUL-2014
Filing Date: 17-NOV-2011
Time Stamp: 15:06:08

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
P28266- 114542
1 Request for Certificate of Correction US1_2014-07-03_CoC_PTO-105 no 2
O.pdf 7db2017d8c1d3a6a6821f6a81366707e3e3
96b58

Warnings:

Information:

Procomm Exhibit 2015
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P28266- 274074

2 Transmittal Letter US1_2014-07-03_CoC_Request no 3
_Letter.pdf 91c33980f9c7fe8b0815ae6848627083660)
d3bf
Warnings:
Information:
Total Files Size (in bytes); 388616

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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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.
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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

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/321,076 03/11/2014 8670722 4015-7892 / P28266-US1 2274
24112 7590 02/19/2014

COATS & BENNETT, PLLC
1400 Crescent Green, Suite 300
Cary, NC 27518

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)

The Patent Term Adjustment is 133 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):

Qingyu Miao, Beijing, CHINA;
Mikael Coldrey, Landvetter, SWEDEN;
Zhiheng Guo, Beijing, CHINA;

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.
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PART B - FEE(R) TRANSMITTAL

Complete and send this form, fogetber with applicable lee{s), tor Mall  Mail S{op IBSUE FEE
Conunissioner for Patents
P03 Box 1450
Alexandria, Virginis 223137458
or Fax (§713-273-288%
seguived). Bloc

INSTROCTIONS: This form should be used For wansnuiting the ISSUE FRE and PUBLICATION through 8§ sh
appropriate. All further correspondence including the Pateni, advance orders and potification of mainienance fees will be mailed to the carren
indicated unless corrected below or direcied otherwise tn Block 1) by {a) specifving 3 new correspondence address; andfor {B) indicating a 3
maintenance fee notifications.

outd l‘t‘ compisted where
dence address a.s
ADDRESS”

an only |
caie canno

Moser A certificate o
Fee(s} Transmitt.

\Aher ZICLOW!P&H‘ ﬂ;‘

CURRENT CORRESPONDENCE 81 (Noter s Block | for any change of address) Each sdditional paper, such as an as !mm‘m OF 'io mal deawing, must
its own ceriificaie of mailing or transmission.
eiis reon o Certificnte of Mailing or Transmission
] “‘4‘:‘*;. N ’ M ey i"} 2201 he.n? ] with the United
COATS & BENNETT . PLEC mail in an enveloy
A e . it ALY 5r being facsimile
1400 Crescent Green, Svite 300 dreated el
- ~ AR 1O
Cary, NC 27518
(Depoeilors name}
&3
Date
APPLICATION NG, PILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO, CONFIRMATION NO.
13321076 P00 Cingyu Miao 4015-7892 £ P28266-U 2274

OF INVENTION: AUTOMATIC DETECTION OF ERRONEGUS CONNECTIONS BETWERN ANTENNA PORTS AND RADIO FREQUENCY

TOTAL FEE(S; DUE

E APPLN. TYPE i ISE FEE DUE PUBLICATION FEE DUE I PREV. PAID [EEUE FEE

o0 o [§]
nonprovisionsi UNDISCOUNTED SiEa. wooV a0 <Y 50 szae. w2V awizanid

E EXAMINER } ART UMIT

WEST LEWIS G 2648 455-067110

1. Change 0. correspondence address ov indication of "Fes Address” (37

1Coats and Benuetl
pondence address {or Change of Correspondence
3/SR/122) attached.

" Indication form s, ed allormey ¢ names of ap io
47 ed. Use of & Custower 2 registered patent aito or agents. Jf no pame is 3
Nnmber is re(;uire(i, hsie-‘.‘l, no name will b nied.

3ASSHGNEER NAME AND BESIDENCE DATA TG BRE PRINT

F VOTE: Unless an assignee is sde.‘: lui below, no o i an assignee §5 identified below, the document has bess tiled tor
secordation as set forth in 37 CFR 3.11. ¢ gignment
(A3 NAME OF ASSIGNEE d STATE QR COUNTRY )

Telefonaktiebolaget L M Ericsson (publ) Stockhelm, Sweden

Please check the appropriste assignee categony or categories {will ot be printed on the patent) : LY individeal ﬁ Corporation or miher private group entity L Government

4a. The following fee(s) miied: 4k, Payment of Feelsy: {Please first reapply any previously paid issue fee shown above)
ﬁ Isgue Fee L A chieck is enclosed.
ik Publication Fee (No small eatity discount perrnited) ng» Payment by credit card, Form PTO-2038 is attached,

LY Advance Grder - # of Copies the Divector is hereby authorized 1o charge e z(‘qu..c‘d eols), any defic
overpayment, 1o Depe cont Number A8 (f“c OSE Al Xl

cy, or credit any
a’copy of this form).
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abave
5. See 37 CFR 129

5. Change in Entity Status (from status indics

bk Applicant coriifying micro entity

Absent a vaiid certificai
payment in the micro eatily amo

Micro Ent
will not

it

bk Applicant assesting smalf entity staius, See 37

ppiication was previously u
ation of Loss of entitlement {¢

niers entiny s
icro entity sta

MNOTE: Checking this box will be taken to be a notificat
aws, a5 applicable.

ook Applicant changing to reguiar undiseous

ion of foss of entltdement 1o smail or micio

epted fm-’n anyone oiher than the applicant; a vegistered aftorney or sgent; or the assipnee ov sther party in

Authorized Signatare

John R. Owen

Typed or printed pame

¢ retain a benefit ;3)1 the public which |
stimaied (o lake
mdi idual cas
masion Officer, U ¢
TED PFORMS TO THI

o file {and by the USPTO to process)
ine lm 10 herng, prepaving, sud
you redquire {0 complete
m ot Cums nerce,
tents, PO Box |

( ST 122a
]\,i\,d 3pf>h atin f( £ I SPTO. Time will
‘\.u as For reducing this den, should be sent o
nin 22313-1450. Di) NOT SEND FE
HV)
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55 OR COMPL
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£ 1995, no persons are required (o respond o 2 collection of information unless it displavs 2 valid OMB contol number.
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Electronic Patent Application Fee Transmittal

Application Number:

13321076

Filing Date:

17-Nov-2011

Title of Invention:

AUTOMATIC DETECTION OF ERRONEOUS CONNECTIONS BETWEEN ANTENNA

PORTS AND RADIO FREQUENCY PATHS

First Named Inventor/Applicant Name:

Qingyu Miao

Filer:

John R. Owen/Cora Fedornock

Attorney Docket Number:

4015-7892 / P28266-US1

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl Issue Fee 1501 1 960 960
Publ. Fee- Early, Voluntary, or Normal 1504 1 0 Procomm ExBibit 2015
E a=—Procoma

IPR2025-01453, Page 12 of 365



Description Fee Code Quantity Amount SU{JJ-STS::; in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 960
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Electronic Acknowledgement Receipt

EFSID: 17982776
Application Number: 13321076
International Application Number:
Confirmation Number: 2274

Title of Invention:

AUTOMATIC DETECTION OF ERRONEOUS CONNECTIONS BETWEEN ANTENNA
PORTS AND RADIO FREQUENCY PATHS

First Named Inventor/Applicant Name:

Qingyu Miao

Customer Number:

24112

Filer:

John R. Owen/Cora Fedornock

Filer Authorized By:

John R.Owen

Attorney Docket Number:

4015-7892 / P28266-US1

Receipt Date: 22-JAN-2014
Filing Date: 17-NOV-2011
Time Stamp: 12:36:29

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type

Electronic Funds Transfer

Payment was successfully received in RAM

$960

RAM confirmation Number

8533

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Size(Bytes)/ | prMaHim ExrHiages1s

File Name Message Digest | Pantéaip|v.(Hropahin

IPR2025-01453, Page 14 of 365



99822
1 Issue Fee Payment (PTO-85B) 401 57892|SSAULE:§ETRANSMIW no 2

36¢c60f2e9cc8d3820697817017b02f021c5|
4182

Warnings:

Information:

32634
2 Fee Worksheet (SB06) fee-info.pdf no 2
987d038abddd29c7fa010e9b8b6d 9f4alc3
0b6c
Warnings:
Information:
Total Files Size (in bytes); 132456

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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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.
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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

| EXAMINER |
24112 7590 12/12/2013
COATS & BENNETT, PLLC WEST, LEWIS G
1400 Crescent Green, Suite 300
Cary, NC 27518 | ART UNIT PAPERNUMBER |
2648
DATE MAILED: 12/12/2013
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
13/321,076 11/17/2011 Qingyu Miao 4015-7892 / P28266-US1 2274

TITLE OF INVENTION: AUTOMATIC DETECTION OF ERRONEOUS CONNECTIONS BETWEEN ANTENNA PORTS AND RADIO FREQUENCY
PATHS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 03/12/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE 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.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

24112 7590 12/12/2013

COATS & BENNETT, PLLC
1400 Crescent Green, Suite 300

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

Cary, NC 27518
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
13/321,076 11/17/2011 Qingyu Miao 4015-7892 / P28266-US1 2274
TITLE OF INVENTION: AUTOMATIC DETECTION OF ERRONEOUS CONNECTIONS BETWEEN ANTENNA PORTS AND RADIO FREQUENCY
PATHS
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 03/12/2014
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
WEST, LEWIS G 2648 455-067110

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) the names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) the name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

Please check the appropriate assignee category or categories (will not be printed on the patent) :

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

[ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted:
[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

PTOL-85 (Rev. 02/11)

Procomm Exhibit 2015
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5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information 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 12 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 toalt'f}lle Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandgria, 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 of information unless it displays a valid OMB control number.

Page 3 of 4
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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

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
13/321,076 11/17/2011 Qingyu Miao 4015-7892 / P28266-US1 2274
| EXAMINER |
24112 7590 12/12/2013
COATS & BENNETT, PLLC WEST, LEWIS G
1400 Crescent Green, Suite 300
Cary, NC 27518 | ART UNIT PAPERNUMBER |

2648

DATE MAILED: 12/12/2013

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

The Patent Term Adjustment to date is 133 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 133 day(s).

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 Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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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:

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.
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Notices of Allowance and Fee(s) Due mailed between October 1, 2013 and
December 31,2013

(Addendum to PTOL-85)

If the “Notice of Allowance and Fee(s) Due” has a mailing date on or after October 1, 2013 and before
January 1, 2014, the following information is applicable to this application.

If the issue fee is being timely paid on or after January 1, 2014, the amount due is the issue fee and
publication fee in effect January 1, 2014. On January 1, 2014, the issue fees set forth in 37 CFR 1.18
decrease significantly and the publication fee set forth in 37 CFR 1.18(d)(1) decreases to $0.

If an issue fee or publication fee has been previously paid in this application, applicant is not entitled to a
refund of the difference between the amount paid and the amount in effect on January 1, 2014.
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Application No. Applicant(s)

13/321,076 MIAO ET AL.
. oy [ i AlA (First Inventor to
Notice of Allowability Examiner P Mt Fie) status

No

-- The MAILING DATE 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. X This communication is responsive to amendment filed 11/25/2013.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [J 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. X The allowed claim(s) is/are 21-42. 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
hitp:/fwww.usplo.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHisedback@usplo.gov .

4. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[J Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [] 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. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[0 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. [] 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. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/LEWIS WEST/
Primary Examiner, Art Unit 2648

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20131206
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Page 1 of 1

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

BIB DATA SHEET
CONFIRMATION NO. 2274

SERIAL NUMBER | FILING or 371(c) CLASS GROUP ART UNIT [ATTORNEY DOCKET
13/321,076 11/17/2011 455 2648 4015-7892 /
oLe P28266-US1
APPLICANTS
INVENTORS

Qingyu Miao, Beijing, CHINA;
Mikael Coldrey, Landvetter, SWEDEN;
Zhiheng Guo, Beijing, CHINA;

** CONTINUING DATA *+*+essssmiimiinbiohbikins
This application is a 371 of PCT/SE2009/050583 05/20/2009

*k FOREIGN APPLICATIONS kkkkhkdkhkhkhhhkhkhhkhkkhkhkkd
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

12/03/2011
Foreign Priority claimed O Yes Mo STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met [ Yes bdNo | [ Metafter COUNTRY [DRAWINGS [ CLAIMS CLAIMS
Avowioigsd  EnersSpae— | CHINA 12 20 >
ADDRESS

COATS & BENNETT, PLLC
1400 Crescent Green, Suite 300
Cary, NC 27518

UNITED STATES

TITLE

Automatic Detection of Erroneous Connections Between Antenna Ports and Radio Frequency Paths
|Q Al Fees
10 1.16 Fees (Filing)

FEES: Authority has been given in Paper |

FILING FEE ; ;
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT [ 1.17 Fees (Processing Ext. of time) |
1280 No. for following: |EI 1.18 Fees (Issue) |
|EI Other |
|Q Credit |

BIB (Rev. 05/07).
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 13321076 MIAO ET AL.
Examiner Art Unit
LEWIS WEST 2648

CPC- SEARCHED

Symbol Date Examiner

CPC COMBINATION SETS - SEARCHED

Symbol Date Examiner

US CLASSIFICATION SEARCHED

Class Subclass Date Examiner
455 63.1,67.11,562.1, 575.7 05/28/2013 LW

SEARCH NOTES

Search Notes Date Examiner
PALM inventor search 05/28/2013 LW
Updated search 08/26/2013 LW
Updated search 12/6/2013 LW

INTERFERENCE SEARCH

US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
455 67.11, 63.1 12/6/2013 LW
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ;3351076 MIAG ET AL
ONNMATIOINN (==
LEWIS WEST 2648
CcPC
Symbol Type Version

CPC Combination Sets

Symbol Type Set Ranking Version

NONE

Total Claims Allowed:

22
(Assistant Examiner) (Date)
/LEWIS WEST/
Primary Examiner.Art Unit 2648 12/06/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 3B
U.S. Patent and Trademark Office Part of Paper No. 20131206
Procomm Exhibit 2015
Ericssonv-—Procomm————
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

13321076 MIAO ET AL.
H““H““ m“ ““”““H“ “ “““H “‘ o o
LEWIS WEST 2648
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
455 67.11 H|o B 17 / 00 (2006.0)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
455 63.1
NONE
Total Claims Allowed:
22
(Assistant Examiner) (Date)
/LEWIS WEST/
Primary Examiner.Art Unit 2648 12/06/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 3B

U.S. Patent and Trademark Office

Part of Paper No. 20131206
Procomm Exhibit 2015
Ericssonv—Procomm—

IPR2025-01453, Page 26 of 365



Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | ;3351076 MIAG ET AL

H“m m“ m“ m“ H“‘ H“ “ m“ “‘ “‘ o o

LEWIS WEST 2648
X Claims renumbered in the same order as presented by applicant a CPA O T.D. O R1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 21 18 37

2 22 19 38

3 23 20 39

4 24 21 40

5 25 11 41

6 26 22 42

7 27

8 28

9 29

10 30

12 31

13 32

14 33

15 34

16 35

17 36
NONE

Total Claims Allowed:
22
(Assistant Examiner) (Date)
/LEWIS WEST/
Primary Examiner.Art Unit 2648 12/06/2013 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 3B
U.S. Patent and Trademark Office Part of Paper No. 20131206
Procomm Exhibit 2015
Ericssonv—Procomm—
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Doc code: RCEX PTO/SB/30EFS (07-09)

Doc description: Request for Continued Examination (RCE) Approved for use through 07/31/2012. OMB 0651-0031
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 OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | 45371076 Filing 1 2011-11-17 Docket Number| 15 7592/ pag2es-ust | AT | 2648
Number Date (if applicable) Unit

First Named Miao Examiner West

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

D Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] Other

X Enclosed

X] Amendment/Reply
|:| Information Disclosure Statement (IDS)

[] Affidavit(s)/ Declaration(s)

X] Other

Replacement Drawings

MISCELLANEOUS

D Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|Z| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No 181167

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X] Patent Practitioner Signature

[] ApplicantSignature

Procomm Exhibit 2015
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Doc code: RCEX

Doc description: Request for Continued Examination (RCE)

Approved for use through 0

PTO/SB/30EFS (07-09)
7/31/2012. OMB 0651-0031

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 OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

/William G. Pagan Reg. No. 67192/

Date (YYYY-MM-DD) (2013-11-25

Name

William G. Pagan

Registration Number

67192

This collection of information is required by 37 CFR 1.114. 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 1.11 and 1.14. This collection is
estimated to take 12 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, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

EFS - Web 2.1.15
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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:

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 the Freedom of Information Act requires disclosure of these records.

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.

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.

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).

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.

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)).

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.

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.

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.

FProcomm EXNIDIT ZUTS
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of Miao et al.

Serial No.: 13/321,076

Examiner: Lewis G. West

Filed: November 17, 2011

Group Art Unit: 2648

For: Automatic Detection of Erroneous
Connections Between Antenna Ports
and Radio Frequency Paths

Confirmation No.: 2274

e N N N N N N N e S S’

Docket No: 4015-7892/P28266-US1

Mail Stop AF

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT ACCOMPANYING REQUEST FOR CONTINUED EXAMINATION

This paper is being filed in response to the Final Office Action mailed 29 August 2013.
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The Office is hereby authorized to charge any fees required for entry of this paper to Deposit

Account 18-1167.
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AMENDMENTS TO THE SPECIFICATION

Please amend the 2 paragraphs beginning on page 3 line 19 as follows:

Fig. 4 depicts a diagram of exemplary components of an antenna [[port]] bank illustrated
in Figs. 3A and 3B;

Fig. 5 illustrates a diagram of exemplary interactions among exemplary components of a

portion of the antenna [[port]] bank depicted in Fig. 4;

Please amend the 2 paragraphs beginning on page 8 line 20 as follows:

Figs. 3A and 3B depict diagrams of further exemplary components of base station 120.
As shown in Fig. 3A, base station 120 may include an antenna [[port]] bank 300 that includes
eight ports 310-1 through 310-8 (referred to collectively as “ports 310" and in some instances,
individually as “port 310”) connected to corresponding antennas 210-1 through 210-8, and a
calibration port 310-CAL. Antennas 210 may include the features described above in
connection with, for example, Fig. 2.

Antenna [[port]] bank 300 may include a device that enables antennas 210 to connect to
transceivers 220 (Fig. 2) of base station 120, via cables. In one embodiment, antenna [[port]]

bank 300 may include an antenna [[port]] bank for a dual-polarized eight antenna system, as

shown in Fig. 3A. In another embodiment, antenna [[port]] bank 300 may include an antenna

[[port]] bank for a normal eight antenna system.

Please amend the paragraph beginning on page 9 line 11 as follows:

As shown in Fig. 3B, antenna [[port]] bank 300 may connect antennas 210 (omitted from
Fig. 3B for clarity) to corresponding transceivers 220, via ports 310 and RF cables 320.
Transceivers 220 may communicate with processing system/RRU 230. Transceivers 220 and

processing system/RRU 230 may include the features described above in connection with, for
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example, Fig. 2. Antenna [[port]] bank 300 and ports 310 may include the features described

above in connection with, for example, Fig. 3A.

Please amend the paragraph beginning on page 10 line 6 as follows:

Fig. 4 depicts a diagram of exemplary components of antenna [[port]] bank 300. As
shown, antenna [[port]] bank 300 may include antennas 210, ports 310, calibration port 310-
CAL, loads 400, directional couplers 410, and power splitters 420. Antennas 210 may include
the features described above in connection with, for example, Fig. 2. Ports 310 and calibration
port 310-CAL may include the features described above in connection with, for example, Figs.
3A and 3B. Fig. 4 shows multiple loads 400, directional couplers 410, and power splitters 420,

although only a few of them are labeled (for clarity).

Please amend the 2 paragraphs beginning on page 10 line 27 as follows:

Although Fig. 4 shows exemplary components of antenna [[port]] bank 300, in other
embodiments, antenna [[port]] bank 300 may contain fewer, different, differently arranged, or
additional components than depicted in Fig. 4. In still other embodiments, one or more
components of antenna [[port]] bank 300 may perform one or more other tasks described as
being performed by one or more other components of antenna [[port]] bank 300.

Fig. 5 illustrates a diagram of exemplary interactions among exemplary components of a
portion 500 of antenna [[port]] bank 300. As shown, portion 500 of antenna [[port]] bank 300
may include antennas 210-1 and 210-2, ports 310-1 and 310-2, loads 400, and directional
couplers 410. Antennas 210-1 and 210-2 may include the features described above in
connection with, for example, Fig. 2. Ports 310-1 and 310-2 may include the features described
above in connection with, for example, Figs. 3A and 4B. Loads 400 and directional couplers

410 may include the features described above in connection with, for example, Fig. 4.
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Please amend the paragraph beginning on page 11 line 22 as follows:
Although Fig. 5 shows exemplary interactions among components of antenna [[port]]

bank 300, in other embodiments, components of antenna [[port]] bank 300 may perform fewer,

different, or additional interactions than depicted in Fig. 5.

Please amend the paragraph beginning on page 18 line 7 as follows:

Embodiments described herein provide illustration and description, but are not intended
to be exhaustive or to limit the implementations to the precise form disclosed. Modifications and
variations are possible in light of the above teachings, or may be acquired from practice of the
implementations. For example, while series of blocks have been described with regard to Figs.
9-11, the order of the blocks may be modified in other embodiments. Further, non-dependent
blocks may be performed in parallel. In another example, although the systems and/or methods
described herein have been implemented in base station 120, in other embodiments, the
systems and/or methods may be implemented in any device that uses antenna [[port]] bank

300.
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AMENDMENTS TO THE CLAIMS

1.-20. (Canceled).

21. (Currently amended) A method in a radio network that includes a device, the method
comprising:
measuring, via the device, a parameter associated with at least two simultaneously

active antenna ports of the device, each antenna port being simultaneously

connected to a respective transceiver via a respective cable;

comparing, via the device, the measured parameter with an expected parameter
associated with the at least two simultaneoushy-astive antenna ports to determine
an error;
comparing, via the device, the determined error to a threshold; and
determining, via the device:
an erroneous antenna port connection for the at least two simultaneously
active antenna ports when the error exceeds the threshold; and
a correct antenna port connection for the at least two antenna simultaneously

active ports when the error is less than or equal to the threshold.

22. (Currently amended) The method of claim 21, wherein the measuring, via the device, the
parameter comprises:
determining a parameter associated with at least two antenna elements of the
device, where the at least two simultaneoushy-astive antenna elements are
associated with the at least two antenna ports; and
measuring, based on the determined parameter associated with the at least two

antenna elements, the measured parameter.
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23. (Previously presented) The method of claim 22, where the determined parameter

associated with the at least two antenna elements comprises one or more of an amplitude or a

phase.

24, (Currently amended) The method of claim 21, where the measured parameter
associated with the at least two simulianecusly-active antenna ports comprises one or more of

an amplitude or a phase.

25. (Currently amended) The method of claim 21, where the measured parameter
associated with the at least two simulianecudsly-active antenna ports comprises a difference
between a signal transmitted via one of the at least two simultaneeushrastive antenna ports and

a signal received via another one of the at least two simultaneously-astive antenna ports.

26. (Previously presented) The method of claim 21, wherein the comparing, via the device,
the measured parameter (Syeasuren) With the expected parameter (Sexpecrep) comprises
determining a squared error (82) between the measured parameter (Syeasuren) and the expected
parameter (Sexpectep) according to:

g = || SmeasuReD - SexPECTED ||2-

27. (Previously presented) The method of claim 26, wherein the comparing, via the device,
the determined error (¢) to the threshold (SrhrestoLn) comprises comparing the squared error (€2)
to the threshold (dtHresHoLp) tO determine whether:

£” > driresnolp > 0, or

2
€° < OTHRESHOLD-
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28. (Previously presented) The method of claim 21, further comprising:
receiving antenna port permutations for a plurality of antenna ports of the device;
receiving expected information associated with the plurality of antenna ports;
calculating expected values for different antenna port permutations based on the
received information;
acquiring measured values associated with the different antenna port permutations;
comparing the expected values for the different antenna port permutations with the
measured values for the different antenna port permutations to determine errors
for the different antenna port permutations; and

determining an optimal antenna port permutation to be one of the different antenna

port permutations with the smallest determined error.

29. (Previously presented) The method of claim 21, where the device comprises a base
station.
30. (Previously presented) The method of claim 21, where the device comprises a remote

radio unit associated with a base station.
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31. (Currently amended) A device in a radio network, the device comprising:

a plurality of antenna ports;

a plurality of transceivers;

a memory configured to store a plurality of instructions; and

a processing unit to execute instructions in the memory to:

measure a parameter associated with at least two simultaneously-active

antenna ports of the plurality of antenna ports, each of the at least two

antenna ports being simultaneously connected to a respective transceiver

via a respective cable;

compare the measured parameter with an expected parameter associated
with the at least two simultaneoushy-astive antenna ports to determine an
error;
compare the determined error to a threshold; and
determine:
an erroneous antenna port connection for the at least two
simultaneously-active antenna ports when the error exceeds the
threshold; and
a correct antenna port connection for the at least two simultaneously
active antenna ports when the error is less than or equal to the

threshold.

32. (Currently amended) The device of claim 31, where the device further comprises:
at least two antenna elements associated with the at least two simultaneeously-active
antenna ports; and

where the processing unit is further configured to execute instructions in the memory
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to:
determine a parameter associated with the at least two antenna elements;
and

measure, based on the determined parameter associated with the at least

two antenna elements, the measured parameter.

33. (Previously presented) The device of claim 32, where the determined parameter
associated with the at least two antenna elements comprises one or more of an amplitude or a

phase.

34. (Currently amended) The device of claim 31, where the measured parameter associated
with the at least two simultaneoushractive antenna ports comprises one or more of an

amplitude or a phase.

35. (Currently amended) The device of claim 31, where the measured parameter associated
with the at least two simultaneocushractive antenna ports comprises a difference between a
signal transmitted via one of the at least two simultanesushyastive antenna ports and a signal

received via another one of the at least two simultaneeusly-astive antenna ports.

36. (Previously presented) The device of claim 31, where, when comparing the measured
parameter with the expected parameter, the processing unit is further configured to execute
instructions in the memory to determine a squared error (¢2) between the measured parameter
(Smeasuren) and the expected parameter (Sexpecten) according to:

g = || SmeasureD - SExPECTED ||2-

37. (Previously presented) The device of claim 36, where, when comparing the determined
error to the threshold (drurestolp), the processing unit is further configured to execute

instructions in the memory to compare the squared error (€) to the threshold (Sturestown) to
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determine whether:

2
€” > Orurestop > 0, or

2
€° £ OrHRESHOLD-

38. (Previously presented) The device of claim 31, where the processing unit is further
configured to execute instructions in the memory to:
receive antenna port permutations for a plurality of antenna ports of the device;
receive expected information associated with the plurality of antenna ports;
calculate expected values for different antenna port permutations based on the
received information;
acquire measured values associated with the different antenna port permutations,
compare the expected values for the different antenna port permutations with the
measured values for the different antenna port permutations to determine errors
for the different antenna port permutations; and
determine an optimal antenna port permutation to be one of the different antenna

port permutations with the smallest determined error.

39. (Previously presented) The device of claim 31, where the device comprises a base
station.
40. (Previously presented) The device of claim 31, where the device comprises a remote

radio unit associated with a base station.

41. (New) The method of claim 21, where the expected parameter is obtained from an

expected value table of the device.

42. (New) The device of claim 31, where the memory is further configured to store an

expected value table comprising the expected parameter.
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AMENDMENTS TO THE DRAWINGS

Figs 3A and 3B have had each had the label for element 300 amended from “antenna port” to

“antenna bank” for clarity.
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REMARKS

Specification Amendments

The specification has been amended to clarify that the object with reference number 300
is an “antenna bank” so as to distinguish from objects with reference number 310 referred to as
ports. These amendments were made in: the 2 paragraphs beginning on page 3 line 19; the 2
paragraphs beginning on page 8 line 20; the paragraph beginning on page 9 line 11; the
paragraph beginning on page 10 line 6; the 2 paragraphs beginning on page 10 line 27; the
paragraph beginning on page 11 line 22; and the paragraph beginning on page 18 line 7. No

new matter is added.

Claim Amendments

Claims 21-42 are currently pending. Independent claims 21 and 31 have been
amended. Support for these amendments can be found throughout the specification and
drawings, see, e.g., page 1 line 20; page 8 line 31 to page 9 line 1; page 9 lines 22-34; Fig. 3B.
Dependent claims 22, 24-25, 32, and 34-35 have been amended for consistency with their
respective parent claims, without altering the scope thereof. No new matter is added.

Claims 41-42 are new. Support for these claims can be found throughout the

specification and drawings, see, e.g., page 6 lines 18-32. No new matter is added.

Drawings Amendments

Figs 3A and 3B have each had the label for element 300 amended from “antenna port”

to “antenna bank” for clarity in the nomenclature. No new matter is added.

12 of 14 Procomm Exhibit 2015

Ericsson v. Procomm
IPR2025-01453, Page 42 of 365



Application Ser. No. 13/321,076
Attorney Docket No. 4015-7892
Client Docket No. P28266-US1

§112 Claim Rejections

Claims 21-40 stand rejected under §112 for failing to comply with the written description
requirement with regard to the phrase “simultaneously active.” Applicant has amended the
claims such that this term is no longer present. Accordingly, Applicant requests withdrawal of

the corresponding §112 rejections.

§102/8§103 Claim Rejections

Claims 21-25, 28, 31-35, 38 stand rejected under §102 as being anticipated by
Heikkinen (W0O2008023097). Claims 26-27, 29-30, 36-37, 39-40 stand rejected under §103

over Heikkinen in view of Taylor (US20030198305). Applicant requests reconsideration.

Independent claim 21 requires “at least two antenna ports of the device, each antenna

port being simultaneously connected to a respective transceiver via a respective cable.”

Because Heikkinen does not have cabled connections between transceivers and antenna ports,
and because ports are not connected to respective transceivers simultaneously, Heikkinen fails

to anticipate claim 21.

Heikkinen teaches that “[a] switching mechanism 400 operated by the processing unit
204 is provided between the circulator 306 and the antenna ports 330 to 334... the processing
unit 204 controls the switching mechanism to connect the transmission circuit 302... to a
selected antenna port 330, 332, or 334" (page 9 lines 27-31; see Fig. 4). Because Heikkinen
employs a switching mechanism to make a single connection to a selected port, Heikkinen does

not teach or suggest “at least two antenna ports... each antenna port being simultaneously

connected.” Further, because Heikkinen forms a connection by electrically switching a circuit,
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Heikkinen also does not teach “each antenna port being simultaneously connected... via a
respective cable.” In addition, Taylor has not been shown to cure these defects. Accordingly,

Applicant submits that independent claim 21 and its dependent claims define patentable subject

matter over the cited art.

Similarly, independent claim 31 requires "each of the at least two antenna ports being

simultaneously connected to a respective transceiver via a respective cable." Applicant submits

that independent claim 30 and its dependent claims define over the cited art for reasons

substantially similar to those discussed above with respect to claim 21.

For the foregoing reasons, it is respectfully urged that the present application is in

condition for allowance and notice to such effect is respectfully requested.

Respectfully submitted,
COATS & BENNETT, P.L.L.C.

Dated: 25 November 2013 William G. Pagan
Registration No.: 67,192
Telephone:  (919) 854-1844
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Response to Arguments
Applicant's arguments filed 07/26/2013 have been fully considered but they are not
persuasive. Heikkinen does disclose, with relation to figures 4 and 5, and the associated text on
pages 11, that the test signal may be sent to multiple antenna ports during the same testing
period; the antennas receiving the test signal and are thus active simultaneously.
Further the term “simultaneously active” is not in applicant’s specification and is not
commensurate in scope with applicant’s specification and is thus new matter. Correction is

required.

Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention, and of the
manner and process of making and using it, in such full, clear, concise, and exact terms as to enable any
person skilled in the art to which it pertains, or with which it is most nearly connected, to make and use
the same, and shall set forth the best mode contemplated by the inventor or joint inventor of carrying
out the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), first paragraph:

The specification shall contain a written description of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention.

Claim 21-40 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), first
paragraph, as failing to comply with the written description requirement. The claim(s) contains
subject matter which was not described in the specification in such a way as to reasonably
convey to one skilled in the relevant art that the inventor or a joint inventor, or for pre-AIA the

inventor(s), at the time the application was filed, had possession of the claimed invention. The
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phrase “simultancously active” in neither found in, nor does it appear to be commensurate in
scope with any related description in the specification. As such it is new matter and must be

removed. Correction is required. .

Claim Rejections - 35 USC § 102
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:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or
on sale in this country, more than one year prior to the date of application for patent in the United States.

Claims 21-25, 28, 31-35 and 38 are rejected under 35 U.S.C. 102(b) as being anticipated
by Heikkinen (WO 2008/023097 Al).

21. Heikkenen discloses a method in a radio network that includes a device, the method
comprising: measuring, via the device, a parameter associated with at least two simultaneously
active antenna ports of the device; comparing, via the device, the measured parameter with an
expected parameter associated with the at least two antenna ports to determine an error;
comparing, via the device, the determined error to a threshold; and determining, via the device:
an erroneous antenna port connection for the at least two simultaneously active antenna ports
when the error exceeds the threshold, and a correct antenna port connection for the at least two
antenna ports when the error is less than or equal to the threshold. [Fig. 4; page 9-10, as it
describes figure 4 and the process of measuring each port to determine function or error, where

the reflected signal is the error which exceeds the threshold]
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22. The method of claim 21, where measuring, via the device, the parameter comprises:
determining a parameter associated with at least two antenna elements of the device, where the at
least two antenna elements are associated with the at least two antenna ports; and measuring,
based on the determined parameter associated with the at least two antenna elements, the
measured parameter. [page 10, the measured reflected signal is a parameter used for each of the
at least two elements in determining]

23. The method of claim 22, where the determined parameter associated with the at least
two antenna elements comprises one or more of an amplitude or a phase. [page 10-level is
amplitude]

24. The method of claim 21, where the measured parameter associated with the at least
two antenna ports comprises one or more of an amplitude or a phase. [page 10-level is
amplitude]

25. The method of claim 21, where the measured parameter associated with the at least
two antenna ports comprises a difference between a signal transmitted via one of the at least two
antenna ports and a signal received via another one of the at least two antenna ports. {Fig 5; page
12}

28. The method of claim 21, further comprising: receiving antenna port permutations for
a plurality of antenna ports of the device; receiving expected information associated with the
plurality of antenna ports; calculating expected values for different antenna port permutations
based on the received information; acquiring measured values associated with the different
antenna port permutations; comparing the expected values for the different antenna port

permutations with the measured values for the different antenna port permutations to determine
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errors for the different antenna port permutations; and determining an optimal antenna port
permutation to be one of the different antenna port permutations with the smallest determined
error.[pages 9-11, antennas are continually tested to determine proper function. of the expected
values associated with a functional antenna change, the antennas may be reallocated, and thus
changed to a new permutation, on the fly, if only one antenna is functioning then that is the
permutation with the lowest error]

31. A device in a radio network, the device comprising: a plurality of antenna ports; a
memory to store a plurality of instructions; and a processing unit to execute instructions in the
memory to: measure a parameter associated with the at least two simultaneously active antenna
ports of the plurality of ports, compare the measured parameter with an expected parameter
associated with the at least two antenna ports to determine an error, compare the determined
error to a threshold, and determine: an erroneous antenna port connection for the at least two
simultaneously active antenna ports when the error exceeds the threshold, and a correct antenna
port connection for the at least two antenna simultaneously active ports when the error is less
than or equal to the threshold. [Fig. 4; page 9-10, as it describes figure 4 and the process of
measuring each port to determine function or error]

32. The device of claim 31, where the device further comprises: at least two antenna
elements associated with the at least two antenna ports, and where the processing unit is further
configured to execute instructions in the memory to: determine a parameter associated with the at
least two antenna elements, and measure, based on the determined parameter associated with the
at least two antenna elements, the measured parameter. [page 10, the measured reflected signal is

a parameter used for each of the at least two elements in determining]
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33. The device of claim 32, where the determined parameter associated with the at least
two antenna elements comprises one or more of an amplitude or a phase. [page 10-level is
amplitude]

34. The device of claim 31, where the measured parameter associated with the at least
two antenna ports comprises one or more of an amplitude or a phase. [page 10-level is
amplitude]

35. The device of claim 31, where the measured parameter associated with the at least
two antenna ports comprises a difference between a signal transmitted via one of the at least two
antenna ports and a signal received via another one of the at least two antenna ports. {Fig 5; page
12}

38. The device of claim 31, where the processing unit is further configured to execute
instructions in the memory to: receive antenna port permutations for a plurality of antenna ports
of the device, receive expected information associated with the plurality of antenna ports,
calculate expected values for different antenna port permutations based on the received
information, acquire measured values associated with the different antenna port permutations,
compare the expected values for the different antenna port permutations with the measured
values for the different antenna port permutations to determine errors for the different antenna
port permutations, and determine an optimal antenna port permutation to be one of the different
antenna port permutations with the smallest determined error. [pages 9-11, antennas are
continually tested to determine proper function. of the expected values associated with a

functional antenna change, the antennas may be reallocated, and thus changed to a new
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permutation, on the fly, if only one antenna is functioning then that is the permutation with the

lowest error]

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating obviousness
or nonobviousness.

el NS

Claims 26-27, 29-30, 36-37 and 39-40 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Heikkinen (WO 2008/023097 A1) in view of Taylor (2003/0198305).

Regarding claims 36 and 37, Heikkinen discloses the method of claim 21, but does not
expressly discloses using a squared error comparison. Taylor discloses, in an analogous system,

the use of Minimum mean squared error, [0054, 0103] meaning the difference between the
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square of the expected and measured values would be calculated and compared to a threshold
meaning equations equivalent to those used in the claims would be implicitly used. Therefore it
would have been obvious to determine and compare a squared error, as this is a common
statistical tool often applied to signal processing, as it helps to eliminate randomness and provide

a more accurate value. .

Regarding claims 26 and 27, Heikkinen discloses the method of claim 31, but does not
expressly discloses using a squared error comparison. Taylor discloses, in an analogous system,
the use of Minimum mean squared error [0054, 0103], meaning the difference between the
square of the expected and measured values would be calculated and compared to a threshold
meaning equations equivalent to those used in the claims would be implicitly used. Therefore it
would have been obvious to determine and compare a squared error, as this is a common
statistical tool often applied to signal processing, as it helps to eliminate randomness and provide

a more accurate value.

Regarding claim 29-30 and 39-40, Heikkinen discloses the method of claim 21 and
device of claim 31 respectively, between a base reader and a tag, but not expressly a base station
and associated remote unit. Taylor discloses analogous system where the devices comprise a
base station and associated radio in a wide area network. [0044] Therefore it would have been
obvious to one of ordinary skill in the art that the same signal processing and error detection

would be identically usable on a larger scale to provide the same benefits.
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Conclusion

Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
however, will the statutory period for reply expire later than SIX MONTHS from the date of this
final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LEWIS WEST whose telephone number is (571)272-7859. The
examiner can normally be reached on Monday-Friday 7:30-4:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Temesghen Ghebretinsae can be reached on 571-272-4177. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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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 §66-217-9197 (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.

/Lewis G. West/
Primary Examiner, Art Unit 2648
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of Miao et al.

Serial No.: 13/321,076

Examiner: Lewis G. West

Filed: November 17, 2011

Group Art Unit: 2648

For: Automatic Detection of Erroneous
Connections Between Antenna Ports
and Radio Frequency Paths

Confirmation No.: 2274

e N N N N N N N e S S’

Docket No: 4015-7892/P28266-US1

Mail Stop Amendment 26 July 2013
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO OFFICE ACTION

This paper is being filed in response to the Office Action mailed 30 May 2013.
Reconsideration is respectfully requested in light of the amendments and/or remarks below.
The Office is hereby authorized to charge any fees required for entry of this paper to Deposit

Account 18-1167.
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Application Ser. No. 13/321,076
Attorney Docket No. 4015-7892
Client Docket No. P28266-US1

AMENDMENTS TO THE CLAIMS

1.-20. (Canceled).

21. (Currently amended) A method in a radio network that includes a device, the method
comprising:

measuring, via the device, a parameter associated with at least two simultaneously

active antenna ports of the device;
comparing, via the device, the measured parameter with an expected parameter

associated with the at least two simultaneously active antenna ports to determine

an error,
comparing, via the device, the determined error to a threshold; and
determining, via the device:

an erroneous antenna port connection for the at least two simultaneously

active antenna ports when the error exceeds the threshold[[,]]; and

a correct antenna port connection for the at least two antenna simultaneously

active ports when the error is less than or equal to the threshold.

22. (Currently amended) The method of claim 21, where wherein the measuring, via the
device, the parameter comprises:
determining a parameter associated with at least two antenna elements of the

device, where the at least two simultaneously active antenna elements are

associated with the at least two antenna ports; and
measuring, based on the determined parameter associated with the at least two

antenna elements, the measured parameter.
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Client Docket No. P28266-US1
23. (Previously presented) The method of claim 22, where the determined parameter

associated with the at least two antenna elements comprises one or more of an amplitude or a

phase.

24, (Currently amended) The method of claim 21, where the measured parameter

associated with the at least two simultaneously active antenna ports comprises one or more of

an amplitude or a phase.

25. (Currently amended) The method of claim 21, where the measured parameter

associated with the at least two simultaneously active antenna ports comprises a difference

between a signal transmitted via one of the at least two simultaneously active antenna ports and

a signal received via another one of the at least two simultaneously active antenna ports.

26. (Currently amended) The method of claim 21, where wherein the comparing, via the
device, the measured parameter (Syeasuren) With the expected parameter (Sexpecrep) comprises
determining a squared error (82) between the measured parameter (Syeasuren) and the expected
parameter (Sexpectep) according to:

g = || SmeasuReD - SexPECTED ||2-

27. (Currently amended) The method of claim 26, where wherein the comparing, via the
device, the determined error (€) to the threshold (drpresHoLp) comprises comparing the squared
error (82) to the threshold (dthresHoLp) to determine whether:

£” > driresnolp > 0, or

2
€° < OTHRESHOLD-
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28. (Previously presented) The method of claim 21, further comprising:
receiving antenna port permutations for a plurality of antenna ports of the device;
receiving expected information associated with the plurality of antenna ports;
calculating expected values for different antenna port permutations based on the
received information;
acquiring measured values associated with the different antenna port permutations;
comparing the expected values for the different antenna port permutations with the
measured values for the different antenna port permutations to determine errors
for the different antenna port permutations; and

determining an optimal antenna port permutation to be one of the different antenna

port permutations with the smallest determined error.

29. (Previously presented) The method of claim 21, where the device comprises a base
station.
30. (Previously presented) The method of claim 21, where the device comprises a remote

radio unit associated with a base station.
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31. (Currently amended) A device in a radio network, the device comprising:
atleasttwo a plurality of antenna ports;
a memory to store a plurality of instructions; and

a processing unit to execute instructions in the memory to:

measure a parameter associated with the at least two simultaneously active

antenna ports of the plurality of antenna ports|[[.1];

compare the measured parameter with an expected parameter associated

with the at least two simultaneously active antenna ports to determine an

error[[,]]:
compare the determined error to a threshold][,]]; and
determine:
an erroneous antenna port connection for the at least two

simultaneously active antenna ports when the error exceeds the

threshold[[,]]; and

a correct antenna port connection for the at least two simultaneously

active antenna ports when the error is less than or equal to the

threshold.

32. (Currently amended) The device of claim 31, where the device further comprises:

at least two antenna elements associated with the at least two simultaneously active

antenna ports][,]]: and
where the processing unit is further configured to execute instructions in the memory
to:
determine a parameter associated with the at least two antenna elements][,]];

and
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measure, based on the determined parameter associated with the at least

two antenna elements, the measured parameter.

33. (Previously presented) The device of claim 32, where the determined parameter
associated with the at least two antenna elements comprises one or more of an amplitude or a

phase.

34. (Currently amended) The device of claim 31, where the measured parameter associated

with the at least two simultaneously active antenna ports comprises one or more of an

amplitude or a phase.

35. (Currently amended) The device of claim 31, where the measured parameter associated

with the at least two simultaneously active antenna ports comprises a difference between a

signal transmitted via one of the at least two simultaneously active antenna ports and a signal

received via another one of the at least two simultaneously active antenna ports.

36. (Currently amended) The device of claim 31, where, when comparing the measured
parameter with the expected parameter, the processing unit is further configured to execute
instructions in the memory to[[:]] determine a squared error (¢°) between the measured
parameter (Sueasurep) and the expected parameter (Sexpecten) according to:

g = || SmeasureD - SExPECTED ||2-

37. (Currently amended) The device of claim 36, where, when comparing the determined
error to the threshold (drurestolp), the processing unit is further configured to execute
instructions in the memory to[[:]] compare the squared error (€?) to the threshold (SthrestoLp) t0
determine whether:

£” > driresnolp > 0, or

2
€° £ OrHRESHOLD-
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38. (Currently amended) The device of claim 31, where the processing unit is further
configured to execute instructions in the memory to:
receive antenna port permutations for a plurality of antenna ports of the device][[,]];
receive expected information associated with the plurality of antenna ports[[,]]:
calculate expected values for different antenna port permutations based on the
received information[[,]];
acquire measured values associated with the different antenna port permutations,
compare the expected values for the different antenna port permutations with the
measured values for the different antenna port permutations to determine errors
for the different antenna port permutationsi[,]]; and

determine an optimal antenna port permutation to be one of the different antenna

port permutations with the smallest determined error.

39. (Previously presented) The device of claim 31, where the device comprises a base
station.
40. (Previously presented) The device of claim 31, where the device comprises a remote

radio unit associated with a base station.
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REMARKS

Claim Amendments

Claims 21-40 are currently pending. Independent claims 21 and 31 have been
amended. Dependent claims 22, 24-27, 32, and 34-38 have been amended solely to maintain
consistency of terminology with their respective parent claims and/or to correct minor

typographical errors, without altering the scope thereof. No new matter has been added.

§102/8§103 Claim Rejections

Claims 21-25, 28, 31-35, 38 stand rejected under §102 as being anticipated by
Heikkinen (W0O2008023097). Claims 26-27, 29-30, 36-37, 39-40 stand rejected under §103
over Heikkinen in view of Taylor (US20030198305). Applicant requests reconsideration.

Independent claim 21 requires, inter alia, "measuring... a parameter associated with at

least two simultaneously active antenna ports of the device." Heikkinen does not do this.

Instead, Heikkinen only uses one antenna port at a time, not two simultaneously. Specifically,
Heikkinen states "[a] switching mechanism 400... is provided between the circulator 306 and the
antenna ports 330 to 334" (p. 9, lines 27-29; see fig. 4). "The processing unit 204 may control
the switching mechanism 400 to connect the transmission circuit 302 to each of the antenna

ports 330, 332, and 334 at a time so that each antenna port is tested separately” (p. 10, lines

2-5). To perform this test, Heikkinen teaches "transmit[ting] a test signal to the first antenna port
[and] receiv[ing] a reflected signal” (p. 10, lines 7-8). "If a high-power data signal were
transmitted to an antenna port not connected to a properly functioning antenna, the signal would

reflect almost completely back from the antenna port" (p. 10, lines 30-32). Heikkinen

contemplates this test can be used on "an RFID reader [that] comprises one antenna 110 to be
used in both transmission and reception” (p. 1, lines 28-29). Therefore, because the switching

mechanism ensures that only one antenna port is active during measurements (for both TX and
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RX), the device in Heikkinen cannot possibly be "measuring... a parameter associated with at

least two simultaneously active antenna ports of the device," as claimed. Further, Taylor does

not cure this defect. Taylor teaches a device for demodulating interfering signals on the same
channel, and not a device measuring parameters of its antenna ports (see J0009-0012).
From the above, it is clear that neither Heikkinen nor Taylor, alone or in combination,

teach or suggest "measuring... a parameter associated with at least two simultaneously active

antenna ports of the device" as required by claim 21. Accordingly, Applicant submits that
independent claim 21 and its dependent claims define patentable subject matter over the cited
art.

Similarly, independent claim 31 requires "a processing unit to... measure a parameter

associated with at least two simultaneously active antenna ports." Applicant submits that

independent claim 30 and its independent claims define over the cited art for reasons

substantially similar to those discussed above with respect to claim 21.

For the foregoing reasons, it is respectfully urged that the present application is in

condition for allowance and notice to such effect is respectfully requested.

Respectfully submitted,
COATS & BENNETT, P.L.L.C.

{John R. Owen Reg. No. 42055/
Dated: 26 July 2013 John R. Owen

Registration No.: 42,055

Telephone:  (919) 854-1844
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financial decisions, should not be based on machine-transtation output. - Terms of use - Legal
notice - Meip -

ABSTRACT DE19923729

The invention relates to a circuit arrangement for testing the operational readiness of antennas
(14, 20) for a radiotelephone (40).

The antennae (14, 20) each have an emitter, which projects with one end open into the room.

Independent of a signal current ({HF) flow test cuments {Ict, Ic2) through antenna wires (o the
antennas (14, 20).

At each radiator for returning the separate test current is (Ic1) [c2) connected in parallel to the RF
path, a secondary path having an impedance (R1, R2).

Spannungsauswerter (VE1, VE2), to monitor the functional state of the antennas {14, 20) by
comparing the test currents (e, Ic1, Ic2) caused test voltages (Uct, Uc2) to the antenna terminals
(12, 22) with a desired value (UREF) and generate appropriate indication signals (Uo1, Uo2},
which provide information about the functional state of the antennas,
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Inventor(s): FRITZMANN MARTIN [DE], WAGNER THOMAS [DE] +
(FRITZMANN, MARTIN, ; WAGNER, THOMAS)
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Die Erfindung betrifit eine Schaltungsanordnung zum Frifen der Funkiionsbereitschaft
von Antennen (14, 203 iy ein Funkislefon (40). Die Antennen (14, 20} weaisen }9\«%!
einen Strabler auf, der mit einem Ende offen in den Raum ragl Unabhéangig von einem
Signaistron (IHF) fliessen Prifstrome {lct, 1c2) Uber Antennanieitungen zu den
Antennan (14, 203 An ;;{m‘e‘n Strahler st zum Rickithren des separaten Priffstroms (1o}
lc2) paraliel zum HF-FPad ein Nebenpfad angeschlossen, der sine Impedanz (R1, R2)
aufweist; Spannungsauswerter (VET, VE2) Uberwachen den Funklicnszustand der
f”":t@ﬂﬁﬁ”} {14, 20) durch Veargleichen dar von den Prifsirdmen (i, o1, {c2) bewirkien
Prifspamnungen {Uet, Uc?) an den Antennenanschitissen (12, 22 mit elnem Soilwert
{UREF) und generieren entsprechende Indiationssignale (Uol, Uo2), die Aufschluss
her den Funktionszustand der Anternen geben.
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Dis folgenden Angaben sind den vomy Anmelder singereichten Unterlagen enthommen
Schaltungsanardnung zum Priifen der Funktipnshersitschaft mindestens einer Antenne

Die Erfindung betrifft eine Schaltungsanordnung um 44
Prilfen der Funktionsbereitschafi von Antennan (14, 206) < 14 Ot \
fir ein Funkielefon {43}, Die Antennen {14, 20} weisen je- "1 = (-
weils ainen Strakder auf, der mit ainem Ende offen in den
Raum ragt, Unabhangig von sinem Signalstram (i) fie-
Ben Prifstréme {11, 1.2} dber Antannanleitungen zu den
Antennen {14, 20}, An jedem Strahler ist zum Kickflhren
des separaten Prifstroms {I.1} 1.2} parallel zum HF-Pfad
sin Nebenpfad angeschlossen, der efne impedanz (8, Ryl
aufweist. Spannungsauswerter (VE1, VE2} dberwachen
den Funktionszusiend der Antennen {14, 20) durch Ver-
gleichen der von den Priifstrdmen {l, I.1, [ .2} bewirkten
Prifspannungen {U, 1, U2} an den Antennenanschliissan
{12, 22} mit einem Sollwert (Uyprl und generieren ant
sprechende Indikationssignale (U1, U 21, die Aufschiuss
{ber den Funktionszustand der Antennen geben,
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Beschreibung

Die Trfindung betdflt eine Schalivngsapordning zum
Prifen dor Punkionsberetischall ciner Antenne. inshesons

2

ses bt gegebenenfalls dazw, dass in unglinstiger Fabr-
reuplage ein Verbindungsanibau zur Basisstation zwar wit
ctner intakten Maoptantenne moglich ist. aber nicht uit dee
letstungsschwicheren Notamenne,

dere bel sinem Fahzeugielefon, welches mebrere Acteaner 5 Zuoe Vermelden- dieses Mangeds fihren Punkielefone ruit
aufweist Die Erfindung coméglicht dem Falwreugtelelon je- lelireren Anlennenanmhlus&n und erweiterter Ausstatiung
derzett Fehler an der Antennenleitung, nicht montierie, feh- periodisch, beispielswelse jeweils nach 10 Minwen, eine
terhaft montierte, oder susgefatlene Fahezeugantennen, bet- Priviprozedur dutch, bet der die Antennen nachieinander i
spieksveeise in Folge von Beschidigung bei einem Verkehzs- Befrieb genonuen pnd aul Funktonslibigheit geprifl wer
wmfall, zu erkennen und selbstidta auf eine funkiionsfahige 10 den. Dieses erfolgt beispiclsweise durch Verglefeh der
Antenne umznsehatien, Suiirke der Enplanpssignale. Dabet werden Febler und
Da die Funktioasbereitsehalt eines Funkielefons tor dacn Schiden an den Antennen und den Léitungen erkanm. und
gepeben ist, wena alle Baugrappen des Kommunikationssy- gemclder sowie rechtzeitig auf cinen funkiionstihigen An-
stems funktioniersn und die Antennen wegen thres Stand- tennenzwelg umpeschalier. Die Prifprozedur wird tn der
orts mechanisch oft besenders empfindtich sind. erhéht die 15 Rogel auch beimy Austbsen cines Notrufes durchigefithit, so
Lésung gemdh der Brfindung in einem Nouall wesentlich dass pur auf die leistungsschwiichere Notuntenne umge-
die Luvertdssigheit eines Punktelefons. schalret wird, wenn die Hauptagtenne hm\pu.kw cise dmch
Pahresugtelefone werden gewidhwlich mil einer Auflen- Abbrechen des Antennensiabes ausgefallen 15t Wenn beide
oder Fensteramenne auspesiatict, deren Srtliche Lage vor Antennen auf Grund verschiedener Austlibrungsformen und
rangig mach den Anforderungen siner optimalen Bmpfangs- 20 Standorte auch verschiedene metmgsé.\gebmsw aufwei-
und Sendequalitat ausgewdhit wird. sen, ist diese Methode wegen ungleicher Tntenstiitder Emp-
Nachteilig st jedoe Ir. clisss beim Auswihlen einer solchen fangssignale nichy sehr ?Lwe*iawv
Lage diec Wahrscheinlichkeit grof} ist, dass im Falle eines Bei  ciner "mfpmz»:d ir ncma‘ﬁ der  Druckschnift
Unthalls mit dem Fahrzeug oder eloet anderen #ulieren Krafl BP (855 237 Al erfolgt eine \/Icssun-x dier Antesnenaepas-
einwitkung die Anienne bis aum Totalansfall beschidigt 25 sung dureh Trmirteln des R.c..ﬁe.xmnsmkmrs auf der Anten-
wird, Inshesonders bei einer Aulenanienne kommen als renletivng mivelnent hidivekdonaten Messtichikoppler und
Erafteinwirkng beispielsweise auch clne bdewillige Zer- elner Suhaltung zuimn Bilden des Qualitfissignals.
storung durch Fromde wder Abbrechen beisn Durehfaheen Yon Nachteil dieser Losang ist dor biohe Anfiwand sowohl
von nfedrigen Hindernissen in Betracht. Bin Totalansiall dex tiir die Flardware als-auch fr die Sofiware zum Realisieren
Antensié Kanin hei einen Verkehesunfall oder Tahr zeugscha- 30 der Priffprozedur
den fatale Folgen haben. da das Herstellen einer Telefonver- Pariiber hinaus-tst aus der Druckschriit DE 196 27 348-
bindung nicht mehr méglhick ist, wn Hilfe herbetzurfen. Al bereits etue Elptichiuag zum Prifen von Fabrzeuganten-
Unn diesen Mangel ze besedtigen, st zura Bedspiel aus der nen bekannt, welche in ciner Stromschletfe Hegende Emp-
Druckscheift BP0 859 237-A1 bekannl, an einem anderen fanggspules von Fahrzeuganiennen stindig mit einem nied-
Hinbavort sine Not oder Ausweichantenne aszubningen. 35 rigen Ruobepriifsirom Gberwacht, e BEmptangsspulen neh-
Diese Obemimmt pach emem Funktionsausfull der als tren bet einern Schivoenlahrzcuy entlang elnes Linientel-
Haoptantenne benutzten Aufenantenne den Sende/Mmp- ters, wie den Schienen nder der Oberleitung, induktiv Si-
Fangshetrieh, Belde Antennen-sind je ilber ein separates Ko- gouaistrime auf. Der Ruhepeifstrom ist vorzagsweise eio
axiatkabel mnt dewm Pusktelefon verbundes. Cleichstzom wad zeigt kontinuieriich ai, dass alie Artennea
Ziun Brzielen einer maximalen Thenragungsqualitit und 9 am Fahezeng sowohl vorkinden als auch angeschlossen
Vermeidea von [nierferenzen bei der Korununikation, st sind.
wihvend der Funktion der Hauptantenne die Notanteane au- Nachieilig ist jedoch, dass diese Fahrrengantennen keine
fer Betrieh, Das heifit, die sclbsttitige Inbeirichaatme dev i Kraftfahrzeugbau bevormmgte Antennenform aufweist,
Notantenne und der entsprechenden Leimng erfolg grund- wie belspielswelse eine gegen Erde erregte Stabamtennen,
s@tzlich nur wihrend eines Notfalls durch manuelles oder 45 sondern Empfangsspulen zur induktven Signalankopplung.
auromatisches Authauen einer Notrubverbindung. Daflr Dhe Lisung istalso fiir KeafifahrZeuge nur anwendbat, wean
wird entweder gine Notufiaste berdiugt oder die Stenerung an Stele der bisher benutzien vorwithatien Stab- oder Di-
der Adrbags undfoder Gurtstraller sendet bel deren Auslosen polusiennen il stnent offensn Swabstraliler ein an sich be-
ein entsprechendes Steversignal an das Tunkielefon, um die- kanater Falidipol mit eingm geschlossenen Schiletfensirahter
os auf rden zweiten Anteanenanschiuss umguschalten, 50 varhanden ist. Dieser it jedech gegeniiber den benutzion
Im Prinzip erlolgt das Unschalien 2ur Notamenne pach Losungen aufwendiy und biefet flir die vorgesehene Anwen-
verschiedenen Losungen: dung kespe wesentichen Vorteile. Ko weiterer Machieil der
B sinfachen Ladsungen 18st der Authau einer Natrufyverbin- bekannten {.osung besteht darin, dass ein Kurwschiuss der
dong im Fonkteleton zwangsliufig ein Umschalten wnf den Antennenleitung ehenfalks als funkeionstihige Anlenne an-
Anschluss T die Notantenne sug, unabhingiy vom Funkil- 55 gezelgt wird,
onszustand der Taupiantenne, Dabel wird vorausgesetzi, 15 it deshalb die Aufgabe der Erfindung, zam Priifen dex
dass die Notanignne aof Grund threr geschitizien Einbaulags Funktlousbereitschall mindestens einer Antenne fiir ein
gemeinsamn mil dey separaten Antennenieitung mit hoher Funlielefon eine ewnfache, kostengéinshge Schaltungsan-
Watrscheinhichkett poch funktonstitiy st  ordnung zu schaffen, welche die vorgenannters Méngel ver-
Dabet emstehie-das Pablem, dass sowobl beim Anschlie- 60 meidet und weltestgehead unabhiingle von der Antennen-
Ben der Antenne'in der Fahrzenpleniguag alsauch beme Ge- form anwendbar tst, Dartiber hinaus soll die Tefindung belm
brauch des Pahrzeugs Fehler oder Beschiidigungen an der Anschluss von mehreren Antennen an einem Funktelefon
Antennenleitung zur Notantenne auftreten kdnpep, welche tadigliche Anschlussfebler etndeniy identifizicren,
unentdecky bleiben, weil diese fur den nonmpalen Bewrdeb Die Losung gemifl der Brfindung enthitll eine Antenne
nicht benutzt wird, Somit ist im Notfall unter Umstdnden die 65 mit einem offenen Strahler, beispielsweise einem Stabsirah-

Antenne nicht fonktionstilig, Ausserdeny 1st bei einem In-
néneinbau der Notntenne dic Elffizienz auf Grund fhrer Ein-
baulagein der Regel geringer als die der Hauptanienne, Die-

ler, Dieser weist oin erstes Ende auf, 40 dem zain Abnehimen
bew. Einspéisen des HE-Stgnals eine Anlennealeivng ange-
schlossan ist, und ein 2weltes Ende, welches affen in den
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Raum ragr, so dass eine im Raum verteilte Kapazitat dos
Stabes einen HE-Pfad bildef, der den Signalstromkosts fir
die Nachrichterkomawnikation schlieBi, Zum Losen der
Aufpabe sendet das Funktelefon tiber die Antennenieftung

4

veriikal angeordneter  Stabstrabder ymi einer
Lange Vo anodlemd winem Viene) dec Uberragungswel-
lentinge & des Sende/Umplangssignals, Die Avtenvenlei-
ung 16 ist am unteren Hede des Siablers angeschingsen

bekannier

sy Priifsiom zur Aptenne, Dieses gesclieht unabhingiy 3 Das andere Bnde gt zur Aulnabree/Abgabe von hochire-
vonn Signalsicam. Der Prifstrom ist vorteilhaft ein Gleich- quenter Sirahlung offen in den Raum,
swomoder sin Wechselstrom mi siner Wellenldnge, die um Bekannilich bildet das offene Bade des Sivahlers geLen
eln VigHaches godfer st als die Wellenlinge des Signal- die Frdoberfdche vige im Raum verteilte Kapszitil Cy, wal-
SaHms. vhe als Rapazitiver TIT-Plad den Kreiy fiir den hochfrequen-

Gemih der Trfigdung ist am Swahler ein Nebenpfad mit 10 wen Signalsitor [y schlieBi, ohne dass gin galvanischer
giner Impedany ungeuchimﬁen welcher filr den Priifsirom Plad zwischen dem offenen Sirahiorende und demt Masse-
zur Anfennenleitung einen rickwiirtigen Strompfad bildet fontakt GND besteht. Da die Antenne 14 anviner Fabhwzeog-
unid der paralie] 2o HF-Plad Legt. An-dieser Impedanz be- arosserie befastigt 15y, besteht eine Direlitverbindung swi-
wirkt der Priifsirom einen Spannungsabiall, schendermn Massekontakt GND, der Antennenieltung 16 unil

I Gegensatz zar bekannien Losung weist die Schal- 1§ der leitenden Fliche der Karosseie,
£un‘gsat<mdnut=gj cinen Spanmungssuswerler auf, welcher an Nehen einem Sende/Hmplangsteil RE sind am Signatkon-
den Antenpensuschiiissen des Tunkielefons stdndiz die rale Qg sowobi elne Spanpungsguelle als auch ein Bingang
Spannung iiberwacht, die infolge des Pritfstroms an det [m- egines Spannungsanswerters angeschlossen, Invordiegenden
pedanz enisteht. Damit erkennt das Fenktelefon nichit nur, Betspiel stelit die Spannungsquetle eine Quellenspannung
ob der Stabsteahler korrekt mit dern Amensenanschluss ver- 20 Uy berelt vad bewirkt ither einen Quellenwiderstand Ry den
bunden ist, somdern mindestens auch mogliche Kurz- Fluss eines Prifsroms Io zur Antenne 14, An Stelle der
schitisse der Antennenleiiung, Spanaungsguetle kana jedoch eine Siromquelle benuizt

Der Ipedanewert des N"chonpfades Hepgt sowolil fir den worden, welche vortetlbaft einea Konstantstrom Hefert. Der
Sipnalstont als auch tir den Priifsteom uil eln Vielfaches Spanaungsauswerter ist bel dieser Austiibrung ein Fenster-
tiber den Strablungswiderstand der Aatenne. Die Tmpedanz 25 komparator COM, der feststellt, ob seine Hingangsspannung
{st am Steahler iiber eine im Verhiilinis zar Thertragungs- Uy innerhalb eines vorgegebenen Bereiches lingl,
wellenbinge kurze Anschlufilelnng angeschiossen. Comil der Trﬁndunﬁ isi oy Stabsizahler der Antenne 14

Nach elpem speztellen Merkmal der Erfindung besteht dizekt mir cinem Mbmp{ad verbunden, der eine linpedana
e Tupedanz des Nebenpfades aus einem Gebilde mit ans- # emhilt. Der Nebenpfad schiiefit den Strowkrels far den
gedehnter Kérperidnge. das beispielsweise als Finze (bauele- 38 Priistrom I vorn Stabstrabler zum Massekontakt GND, Die
ment eine Linge aufweist, die In der GrdBenordaung des Frnpedany 2 bildet mit dem Quellenwiderstaad Rg einen
Stabsirablers Legt, eder eine Serienschaltung mehrerer dis- Spannuagsteiler, Der Pritfstrom I erzeugt an der Inpedanz
keeter Binvelelemente, so dass die Verhindengsleitungen 7n 7 eine Peidfspannung Ug, deren Hohe vorg Wett der Tmpe-
den Einzelelementen im Nebenpfud i Verhilnis zur Be- danz abbingt, welche awischen dem Signalkentakt Oy und
trichswellenliage hurz sind und die HE-Yigenschalion des 35 dem Massclontakt Oy wirkeam ist, Bei einer tehlenden oder
Stiratilers mogiu_ust weaig beeinflussen, nicht angeschlossenen Antenne 14 ist die Prillspannung U

Die Erfindung s't'lf nachstehead an Hand von Ausiih- = T, wihrend bal eineiy Kurzschiuss des Antennenan-
rungsheispielen. erfinterr werden. ¢ entsprechenden schiusses 12 oder der Antennenleiiung 16, die Spannong
Zeichnungen zoigor U = 0 betriign, Der Peasterkomparator COM vergleicht

Tig. 1 dm (vmndpnmlp der Sehadtungsanordnung gemdd 40 die Priifspannung U = Uy mit etner Relerenzspannung
der Brfindung Upgr und. generiert fiir eine nicht dargesteliie Steuerschal-

Fig. 2 eine Ausfithroogsfornn der Schalngsanordnung {ung des Funktelefons 10 ein Indikationssignal Uy, das dem
gemil der Briindong mit rmhrcrm Antennen Funktionszustand von Antenne 14 entspricht.

Fig. 3a s 3o weitere Auvsiiibwungsformen der Schal- Ut dden Finduss dis Nebenpfades aul die Sicablungsei-
tungsanordaung gemil der Erfindung mit mehreren Anten- 45 genschalien der Antenne 14 moglichst gering 2u halien, er-
aen folgt der Anschhuss der Impedanz 7 an den Stabsirahler ither

Fig. 4 s 6 verschiedens Antenmenforneen e die Schal- cine jm Verhiltnis zur Ubertragungswellenléinge & lurze
ungsanordnung entsprechend der Brlindung nit Stabstrahy Anschlussteitung,
fem Vorteilhaft wird das Verhiilteds von Impedane 7 und Quel-

Fig. 7 cine Austlihrung mit elner Weadelantenne s Jenwiderstand Ry so gewihiy, dass der Pensteckomparasor

Fig, § cine Antenmeniorms wit einem senkrechi sivahiens COM bei funklionstibiger Antenge 14 deutlich die Praf
den Dipol und spansung Up = Us/iam Signatkontakt Og von der Quellen-

Fig, 9 eine Antenacaform wit siper Flichenantenne spannung Uy unterscheidet, die el einent Fehler an der An-

Ein Funktelefon 10 weist, wie Fig. 1 zelgr, ein Sendef tenne 14 auftttr, Fiir die Funktion der Schaltungsanordnung
Foipfangsteit BE auf. Dieses ist iiber einen Antennenan- 55 ist wichtig, dass die Jmpedanz Z misghichst fest mit-der An-
schiuss {2 mit einer Anienne 14 verbunden, welche vor tenne 14 verbugden ist, so dass das Felilen der Antenne 14
zugsweise als Aufenunienpe ausgelidiol und beispielsweise durch Ansteigen der Priifspanaung Ug am Signatkontakt Oy
auf dem Dach eines nicht dargestellien Fahrzeuges angeord-  ehenso zaverlssiy erkamit wird, wie eine Unterbrechunp in
et ist. Fine Antcanenleiong 16, im vorlicgenden Fail gin der Antennenteitung 16, Die Tmpedana 7 kann sowohl vor
Koaxialkabel, welchesin der Regel unter der Tanenranmyver- 63 einem diskreten ohtuschen Widersiand R als auch von einer
kleidung des Fahrzeugs verlegtist, verbindevdie drtlich vom. leitf3higen Suukiur, wie beispielsweise siner dinnen hoch-
Funktefeton 14 abgesetzie Antenne 34 unt deny Antennen- ohmigen Leiterbahn gebildet werden, welche tin Antennen-
anschiluss 12, Tafolge der verdeckten Installation sind Pehler kiirper oder dessen Oberflache als Widerstandsbaha isoliest
und Beschiidigungen der Aateanenieliung 16 und des Ap- pelagert ist. Auch eine komplexe Anowdnung, wie eine In-
tennenanschinsses 12 optisch aur schwer erkennbar, Der 65 dukiivitic mit einem: entsprechend hohen Sedenwiderstand,

Amennenanschlusy 12 enrhilt einen Signatkonukt Oy und
einen Magsekontakt Og.
T vorliegenden Beispiel st die’ Antenne 14 ein an sich

ist vorteithatt anwendbat,
Cemil einer besonders vorfeilhalien Ausfiihrung ist die
lmpedanz Z ein ohmscher Widerstand it einem Wider-
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siandswert anndibernd odet gleich dem Quellenwiderstand
Hg, %0 ddss Wit iy vedd ]tgtndﬂ‘ Retspiel am Signaticontake
Qg eowadie hatbe Quellenspannung Uy legt, Zwischen dem
Signalkoutaks Qg und dem HF-Port des bunic/f‘mplangs-
teils RT w0 ein Koppeliondensator Cy angeordnes, dee gin
pegenseitiges Beelnfussen der Schaltungsanordmmg: 2wtk
Priifon und des Sende/Empfangsteils RF verhiaden. Der
Enikoppeiwiderstand By verringeet die Belastung des hoch-
lrequemu'l Signalsromkreises durch dea Bingang: des

s

729 Al

&
migdich st Bin welterer ‘mn:ui der Schaltung nach Fig. 2
hesreht darin, dass 2 wheraitschait des An-
tennenwaidschalters I8 stindig gepeft wird,

Cuméal etner Brwveiterung der Briindung e ihe Wi-
devstdrcle R1 gnd R2 3n den Nehenpluden abhiinglg von den
Banformen der Antenaen 14, 20 verschiedene Widerstands-
werte .l Dudurch kann die Stenerschalinng des Fupkiele
foms M¥eder ciae beim Monticren der Antennea am Fankte-
lefon angeschlossene externe Prilfvortchiung die Anten-

Tenst un-‘mpq ators COM. 10 penbauformen amoreatisch ediennen. die an den Anisnnen-
Fig, 7 seigt ein Fonlelefon 38 it stmm SendefHmp- ansuhliisser 12 und 22 angeschlossen simd. Dieses ermig-
Fanigsted! RE, welches ber elnen Antennenwalilschalwr 18, lichr ein entsprechendes Aazeigen yon vertauschl ange-
beispielsweimén Form eines Relats, abtematly entwader mit schlossenen Antgnnen 13 uad 20 mdleder eine entspre-
fer Astenne 14 cder i einer Amtenne 28 verbunden st fm chende trteme Kotrektur mit dein Antensenwihlschalter
(Mmsgt/ zur zuvor buscheichenen Ausfiibruag weist dag 35 18, Lefzteres erfaubt Be Antenaensnschlisse 12 umd 22
Funkielefor 30 neben dem Antencenanschluss 2 einen betm Momtieren belichly zu belegen, Daftr wird voueithatt
welleweil Anlennenanschiuss 22 mit elaem Sigeatkontalit der Amenpenwahlschalizr 18 als Stromstolivelais oder Ahn-
Og2 auf, Fs set angenomeues, dass der Anfenmenwahlschal- tehes ausgefiihn, so dass nach dem Tdentifizieren der ange-
tor 18 in scinee Rubelage auf den Stgnalbontakt O des An- schlossenen Awtennen 14, 20 cin Sezimpuls den Amenaen-
tennenaaschlusses 12 geschaltet 186 Daon st dieser An- 20 wabischalter 18 i dinjenige von zwel Posfiionen setzt; in
sehinss neit der Hauptantenne belegt, welche an elnent giin- der dulerlich tlge bevorzugte Anfenne (143, also die Haupt-
stigenH mpfarm&- und Sendeort positiomert st und am An- antenne, angeschiossen ist,
tennenaaschluss 22 lear eioe Not- eder Ausveeichanienng, Auctreine ginfache Anzéige, dass zine falsche Amennen-
Jede Antenne 14, 205t tber eipe sepuriie Antearendeitung bauform montiert wurde, Ist damit zu realisieren,
16, 24 ungeschlossen ond ¢ enthill ginen Mebenpfad mireiner 2 Da die. Sendeletstung bei Awotelefonen gegeniiber her-
cigeien Impedanz im vorliegenden Fall die Widerstinde kmmitchen Mobilielefonen etwa das Vierfache betript,
R1bew R2 Die Qm,kmpmnun« Uy st bevdieser Austit kdnnens dannt ausserden avch Mallnahmen pogen aine un-
vung am Ausgang des Antennenwahlschaliers 18 ange zulissiy hohe Sendefeldstivke {m Fabrzeuginneren ausge-
sehlossen, so dass dieser avch die Strompfade fir die Prif- tost werden, Gewohnlich wird die Hauptantenne eines Au-
sirdmie Io1 uind L2 2u den Antennen 14, 20 umschalier. 10 totelefons auBerhalh der Tahereugkirosvens {n elnem Ab-

Luny Aufbaw erner Telefonverbindung hat der Aatennen- stand zu den Insaxsen angt:brachl;. mn bed dieser Sendelei-
anschluss 12 gegentiber dem Antennenanschluss 32 Vorrang stung unter snderer auch den Binfluss suf de Fabereugin-
e det Antelinenwahlischalier 18 befinder sich tiberwiegend sassen gering 21 hahen. Erhalt nach dem-Ausfall dec Hanpt-
in der entsprechenden Position, Withrend dieser Zeit fliefit antenne die Hilfssntenne im Fabowuginneren die gleiche
unabhingiy von der Aaivitat des Signalstroms I dndig 35 Leistung, so kann dovt ein starkes Sendefeld eine Gelahr fir
der Peisfsirom Inl zur Angenne 14, um deven Funkiionsbe- dié: Gesundheit der Insessen damstellen. Auch unglinstige
veftschalt 20 {iberwachen. Bet der vorliegenden Ausfthning Mebrinchreflextonen an den Innenfldchen der Karosseriz
ist der SHpennungsanswerer VE sine Fenster-Detsitor- konnen die Ausbesirang des Sendesigmals siiren. Bt Hi-
Sehaltung tiir (Hc’ichs‘pi;nnumen die sidndig dberpriift, b kennce etner solchen Antenne, veraalssst barsprelsweise die
sich idie P*u Pspunnung Upama Ausgang des Wahlschalters 18 40 Steaerschaliong das Sende/Bapfangstell RE am akitven
inqethalh eines Snilbu\.ighx befinder, Besteht atm Antennen- Anteanenansehluss die Sendeleisting i redurieren. Dieses
apselioss 1ain Kuzschiuss oder ein Leedaut, so legfdie erfolgt varrangiy dann, wenn betsprelsweise aach sinen Be-
Priifspasnuag auferhalb: des Sollbercichs und signalisiert, such oiner Anowaschanlsge vergessen winde, die sbnehm-
da\a diceAstense 14 mit Sicherheit aicht mehr betriobshereit bare AuBenantense wieder zu montieren und der novmale

1 Dang bewickt der \},anm‘nﬂsavbmnu VE mit seipere 43 Telefonbetrieh therdie Notamenne linft. Betm Ausldsen -
L\.us;.un pssignal Uy sofort eln Hmschaben auf dic Noan- ney Wotrufes-sollie jedoch das Sende/Rmplangsieil RF die
iepne, die Antesne 20, um die Funktonsberedtsehafl deos Sy- der von der Basisstation geforderte maxamale Eestung be-
stens wieder eraustellen, reitstelien,

Urn apch die Punkticnsbereischafl der Antenne 28 zn Bui dieser Rritndungsaustithrung weist der Spannungs-
Uberwachern, d intakter Antenne L4 mie akiivist, schal- 30 auswerter VE flir jode Anrennenbaufortn ¢in separates De-
1ot naeh elnem welteren Merkmal der Yrfindung withrend tekiorfenster guf.
der Ruheeelt des Funkielefons: 3 eine nicht dorgesiellie Es versteht sich von sethst, dass in der Praxis der Span-
Steuersenaltung tber den Sieveranschiuss § den Anennen- nungsauswerter. VE in dey dightalen Swuerschaltung des
wablschalier 18 periadisch jeweils fiiv etne kurze Daver Funkretefons enthalten sein kanp. In einem solehen Tall,
vor Signalkontakd Qg zun Signatomakt Og2 wm, ohm 55 liggl am seivem Flagaag eln AnalogMigiiahwandler zum
dass dabei ein Signalswom Ly fitefit. Dabet RicBt de Wandeln der Pmtspawung Ui in einen Drigiiabwert, Die
strom Eed her-den Widerstand B2, Liegt beim Umschalten Penster werden durch ginen bew. ehrere Wertehmuha
aif Antenne 28 die Prifspannung Us wegen elnes Feblors son Pigiialbwerten dargestellt wnd der wn Wandlerauzgang
am Anteanepanschluss 22 aulechalb des Soltbercichs, so s liegeade Digltalwer? swird gepriift, oby erin dom baw, siner
goadisiert-das Tunkieleton 30, beispielsweise optisch durch 60 dieser Wentebereiche Hegt. Als wetiere Allernative 2u den
Anzelge i seineat Display nndfoder akusiisel, dags die No- genansen S;mnnungsauswv:rt.cm VE sind atch Meflschal-
tantenne nicht betriebsberedt 181, uen eine Repavatur zu ver- wngen e Weehselspannungsamplinden: denkbar, sofern
antassen. Da bel cinem Fehler ag der Notastenne das Kona- ette Wechselsuomguelle die Priifsirdme Iod vod 122 gene-
ik siionssystem mowh funktogiers, wind der Telefonbe- giert,
trieh unverdndert iber die Antenne 14 abgewickell. 55 Die Fig, 3abis Jozeigen weitere Austithrunges der Trfin-

Vo Yortet sy dass die Pritsrdme L1, Le2 onabhingig
vorn Sigralsteon [yg iefen, sodass gin Umschalion sut dig
Anterne 20 unmitelbsr nach dem Ausiall der Antemne 14

ditng, Digse haben den Vorteil dass die Fupitionsbereit-
schalt beidet Antenmen 14 und 20 sowohl withrend des
Funk/Seadebeiriches als quch im Stand-by des Funktelefons
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48 durch die Pritfstctime Lt und I:2 kootinuterlich Uber-
wicht wird, Daftic weist das Panktelefon 48 im Gegensaty,
Funktelefon 20 i jeden Anennenauschiuss 12, 23 gi-
aen sepsraten Quetlenwiderstand Rt hrw, B2 aut, welchoer

3

729 Al

8

tiges Zuondnen jeder Sidrung zutn enisprechenden Anten-
nienansehiuf.

Tehit heispiehsweise die Antente 19 und st die Anjenne
24 fupltionstibip, so boirdgt die Prilfspannw

direlstanentsprechenden Signalkontakt Ogl ead Oz2 ange- 5 die Pritfspannung Us2 = 05 Uy und die DU
schlessen dst. The Austiibrung nach Fige 3z enthilt soch fur 0.5 Ug. Die Differenz Al wird i Teilorverhiloms N1 =
jeden Anennenanschluss 120 22 winen separaten Span: Ry Zs (Bl + Ry ) petedlt, Min dem penanpteq ‘a"criﬁlmis‘:'!er
aungsauswerter VR wnd VEL der jeweils Gber einen Ent- Entikoppaedwaderstaode R2 = 3 Bg 1=3
kappelwiderstand Ryl baw, Bl mit detn entsprecheaden IR, ML= 204 = 075, Somit ist die Llrw,in;,s-
Signalkontzkt Ot und 0Os2 verbunden ist. e = U+ 075 AU Uy = 05U+ 85 =
In Abhingigkeit von den entsprechenden Prilfspanmun- G758V = G5 Us+ () 375 Uy = 0875 Us.
gen Ul und U welgt eln Fucdikationssignal LM sténdig Fehlt jedoch die Antenne 26 urd sk i Antenze 14 funk-
e Punktionshureitsehuft vop Amunm 14 uodd ein Imdikan- Hopsiibig, so betriigt die Pritfspannung Usl = 4.5
mwgncu {32 die Ponktionshereit tvon Amenne 2 an, Prisfspannung Us2 = Us und die Ditferenz AU,
Irn Gegensaiz darg, bendtigen div Ausiibrungen aach 18 Bie Differenz AU wivd jewzl jedoct im Teiferverhiling
Fig. 3b und Fig, 3o sur den Spaneungsaussener VEL G- = Rgl (Rl 3 Ry2) gateilt. Dann 1st N2 = By
wih elney welieren Merkmuls dév Brfindung werden alle Rgli=l. 4 :(_ 7 und de Ei““ sspannuag L
mdiglichen Kombinationen aus funkiiontetenden undfocder 025 aUc, U b die Bingangsipanming Uy = U..
feblerhaffes Ameanepanschiliissen 12 und 22 duceh cisen 125 Ug = L:’ u 5 Uy unierscheidel sich cindewtig von der
entsprechenden Spannuagsiwert ideatifiziery, der nue bel der 20, bel der voranpgegangenen Kombination,
bestiamien Kombination sufteitt, Dy fihren die Tnikop- Ist jedoch Anteane 20 kurzgeschiossen und Antenne 14
petwidersiinde Rl und B2 die Privispannungen Ugd uad funitionsfihig, so botrdgt die Puifspannung Uct = 0, die
T2 baw, Ued und Ugd bewder Anteancnanschiiisse 12 und Pritfspannung U = 0.3 Us und die Differens chenfalis
23 susammen, wobdl win Hotkoppelwiderstaiid wwn ein Al =15 Uy Dadie kleinste Pritfspanaung Ust = O betriig:
Melwfaches n prifer ist als der andere, belspielsweise Rg2= 25 und das Teilerverhiitnds N2'= 114 wirksam ist slellt sich
3 Rgl. Avsserdem sind beide Dmkoppelwidersiiinde Ryl Ui =10,125 Uy ein,
und R e Viellaches prifler als die Widdrstande R1 Wire jedoch die Antenne 14 ke gischlossen und-An-
end RZ in den Nebenpfaden vad die Bingangssehaliung des tenpe 20 funkflonsfilig, so wire wegen doy Teilerverhdlt-
Spunnungsauswerier VEL weist einen | "‘ek*mm@lemingang nisses N2 = § : 4 die Dingangsspanpung U = 0373 Uy
aut, 4. b, einen sehr hohen Elogangswidersiand By & Ry 3¢ Aus dem dargelégien ist essichuich, dass jede mogliche
Bel diesen Bedingungen iritt folgender atitzliche Etfelt auf Kombinationen mit. mindestens cinem goesiorien Anteanes-
unschiugs 12.oder 22 die Bingangsspannung Ups elnen fir
Solange an beiden Antennehanschliizsen 12 und 2 diese Kombinasiion typischen Spanthangswert anoimrm. Die-
g,‘e.cu Anschlpssbedingungen vorliegen, bleiht in ses ist inshesonders bei der Montage der Antennen 14 ubd
Folge des Blektrometereingangs das Widerstandsver- 35 28 am Fuaktelefoo 48 vortetlhalt, weil dabei such so beiden
hihinte Rl Ry ohoe Finfhuss auf die Hibe der Flo- Aptenenanschidsson 12, 22 ¢in Fehter uunreter kann. Der
gangsspanoung Uy frden Spannungsauswerter VEL Spannusigsauswerter VET hat o diesem Fall als Teil des
Fehien heide Amennen 34, 24, so stellt swch die Bia- Stenerschatiung des Funktelefons 40 die Auf, gdh(,, dendigi
gapgsspanaung Uy = Uz an Sind beide Aatennen talisivrton Wert der Blngangsspannung Ugy mit Fest gespei-
funfiionsherelt und die Widersidnde R = Rgl und R2 40 chepen Werteberichen zu vevgleichen und etn Datensignal
= Rel,so s die Bingangsspannuag Upe = 0.5 U, und DS auszugeben, welches eindeutdg den akwwellen Fusiand
veenn haide Antennen kurzgeschlossen-sind, dann siell der Belegung der Antennesanschlisse 12 oder 22 identifi-
sich die Hingangsspaoaung Ui = 0 oin Ziget, Dieses Rrgnal nuizs die Steuerschaltung des Tunkiele-
- Likgen an den Amepnenanschlissen 12 und 22 je fons 40 oder sine withrend der Moptage angeschivssene
direh ungleiche finpedanzen, so emstebr folglich auch 45 Apalyseetnrichtung zur Tebleranzeige. .Dabu. wird jedem
zine Differenz AlJy zwischon den Prifspannungen Uil Anschiuss sein aktueller Zustand eindeudy zugeordnst,
apd Ue2, welche Higfluss aut die }muempspamun' Selbsy exweme Fehleranzeigen, wiezum Boispiel “Haupian-
Uy hat, Die: Entlooppelwiderstinde Rl und Re2 bil- tepne unterbiochen oder michi. vorhandent - Nofantenne
den i diese Differenz cinen Spanmungsicider, unid ad- kurzgeschiossen!” Ednnen somit realisiert warden.
dieren die geteilie Spannung :mmmm AUe zur klotn- 50 Fig, 3o zeigh daritber hinaus awel weitere Merkosde der
sten Priifspannung Upl oder Th2 Hnzw, Erfindung. Die Ausfihuung von Figs 3¢ bustert guf der Aus-
fubnng oach Fig, 3b und berticksichtign die Tatsache. tdass
Aal Grund der ungleichen E“1tknpneiwirlerstéfmde Ryt die: vortiegende Anzabl von insgesamt neun moghchen
wad R wind tr die Differenz AUs in Abbiingigheit von Kombinatonen von fehiexireien uad fehlerhalten Amen-
dem Antennenaaschluss, an dem die hochste Prifspaonnsg 55 pesanschifissen 12, 32 aur kosteppitinstig it einem Yikeo-
Uel oder U2 Heg, joweils ein anderes Teilervechiilinis computer auszuwerten st dee mit elnem Acalog/Digital-
wirksam. wanidler verbunden ist. Nuchteilig ist jedech, dasy viele
Nach der Montage kann jede Antenne 14 und 20 sinen Analog/Digitalwandler vor Milvocomiputers anf Grond ei-
von deel méglichen Anschiusszustiode: "Leerlaut™, “be- per asvinmetnschen Spannungeversorgung wur fehler
triehsfihig" ader “kurz geschlossen® sufweisen. Damitecge- 60 hejten, wean dic Elngangsspanpung Usy oberhall eines
bun sich nebien der Moglichkeit; dass beide Amennen be- Mindesiwertes Tegt. Uny diesen Mangel auf cinfache Weise
iriebsfihig sind, acht weitere wogliche Kombinationen. bei #i heheben, Hegen nach einem weileren Merkimal dev Erfin-
denen mindestens eloe Antenne nieht butriebstihig ist, Filr  dung in Serie s den Quellenwiderstdnden Ryl und Rg2 Vor-
dlle diere Kowhinatongn ninut die Bingungsspanmuny Ty widerstiinde Ryl und B2 und die Lmkuppc:}\\nd»\laumdt:
e nach Zuerdnuog der Antennen zu dea Amennenanschilis= 68 Ryl gnd Be2 sind an den. Verbindungspunkien der Serlen-

sen 12, 22 einen [ jede. Kionbination typischen, voa den
drel vorgenannten Fillep abweichenden Spannungswertan:
Dieser eomdglivht suf Grund der typischea Fohe oin cinden-

sehaliung angeschivssen, Dadurch enthalten die Peiifspan-
nutigen Und und Usd setbst bol einem Kurzsehluss des An-
den Mindestwert, den der

fennenanschiusses 12 oder 22
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Pritfsteom Ted baw 12 an den Vorwidersténden Rl und
Ry bewirkl, o dass der Anatog/Digitatwandler des Spap-
nungsauswerters. VE? fohlerdvel arbeitet.

Nach ot welteron Mecona! der

Iufindung werden
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chen am Fubpunks sichert, kans de Amenne gemil Fig, 5
an heliebiger Stélle brechen, Damiliegt rwischen einem An-
schlpsspunkt an dor Antcanenspitze 28 und dem Massean-
schiuss GND eine Impedanz mit verteilten Komponenten,

diese Vorwiderstinde Rel und Ry2 benwan, s, zusiizlichk  $ i vecliegenden Falldne Sirdenschaliung aus nitndestens
28 den genannten neun redglichen Kombinationen der An- zwel Binzelwiderstinden Ra und Bb. Diese Ausflilinuag 2
iepnpenzustinde anch den Fall zu idemtifizieren, bei dem mighicht, auBen am Anfennenkdrper sinen Nebenpfad mit
beide Antennen 14, 2 vertauscht sngeschiossen sind, Phe- diskreten obimschen Widerstinden anuobringen, Une HE-
ses wird dadurch ervetehi, dasszam Blnen-die Anienpen 14 Aktivitdien der Zuleitungen 2u den vertethien Binzelwider
und 28 enisprechend thren Bauformen, wie hereits durge- 9 stimden Ra und Rb als Antennenelement zu unferdriicken,
stellt; in den Mebenvweiges verschiedene Widerstinde R, konnen deren Zuleitimgstingen 12 ds M so gewihlt werden,
RZaufweisen und 2om Anderen die Werte flirdie Vorwides- dass jede iirzer abs A0 (st Entsprecticnd der gewlinscliten
stinde Ryl uad Byl so ausgewdhit werden, dasg fiie beide Slru 1]ungs¢harakteri’sti}~; der Amtenne kanp os auch vorteil-
Aniennenansehlisse 12, 22 die Summe avs dem enlggn- haft seia, dic Zuleitungslinge 12 besonders kurz auszofith-
chenden Widerstargd RY bav, R2im Nebepzweig vad dem 15 ren uad dic verbleibende chtiantm
dary inberie hu\_cndm Yorwiderstand Ryl bew R\* [BRALE lg= by - (Linge der Elnzclwxderxmndu Ra + Bb) aul e
der gleich sind, also RT + Ryl = R+ Ry iaf, INeses hat den Zuieia.ungs}ang,m i3 uned 14 zu vesteilen, Bel dieser Aatens
Vorieil, duss die genunnien typischen Spannungswente fir pensusfihrung umschlielt die nichteiiende Umbtiiiang den
dic Hingangsspannung Uy aneiner Intakies Amtenne gy pesamiten Strablorstab wit den Binzelwiderstanden Ra 4+ Rb
i auftreen, ¥ cnn die Aateanen §4,20 ap den Aatennen- 2 upd deren Zuleitungen.
anschlitssen 12, 22 nicht vedtanseln sind. Als piinstige Wi- Fig. 6 zeigreinen Stabstrshler 32, der als Hoblkdrper ans-
derstandverhiilinisse haben sich beisp 1;1.\‘.» eise erwiesen: geltibrl ist, Dieser weist am freten Ende einen Kopf 34 mit
‘{ 1= Re2; Rel = BT + Ryl und Rg2 = R2 + B2, wobel in einem erweiterten Durchmesser auf. Int Hobdkdrper 32 is
siiem Nebenzwelg beispielsweise R1 = 0.5 Rsl und Rel = der MNebeapfad mit etberm Widerstand R umterpebracht, Die

(0,3 Rgl und 1m andcrm B2=075 Rglund Ry2 =025 Rgl 28 Lage des Widerstandes R im Kopf 34 gewiheleisiet anch bei
vorteilhafte Werie sind, Hs ist offensichtlich, das beim koe- dieser Ansfiihrung die Tunktion der Schaltung, wenn der
relcten Anschluss betder Antennen 14, 26 die Prifspannun- Stabswabiler 32 an belichiger Stelle abbricht. Infélge der In-
gen i3 = Upd =05 Ugt betragen. wi dhrend bei vertauschien nenlage des Nebenplades istetn Hinfluss aut die Strahlung-
Amennen N‘ 20 dese sich wie das Verhilmis der Summen scharafrerisik dev Antenne wicht zu erwarten, Lediglich die
B2+ Bl R+ Ry = (075 + 050 (03 + 0.25) = 3 Linge 11 des Stabswahler 32 muss infolge der “hdheren
1,25:0.75 = 3 3 verhalten. Raumlcapazitit des Koptes 34 gegen Hede etwas verkiirsl

Fin wellerer ‘v orieil der Losung gemih der Erfindung be- werden,
stelit darin, dass sowoh! die anﬂ,erwndmsr.fn. e Rgl und Ber der Antenne gerail Fig. 7 fithet der Nebenpiad mit
Rs2 als auch -die Widerstinde RI und B2 in den Nebenpfs- dem Widetstand R ebenfalls durch das Tonere des Strahlers
den so groff gewdhit werden kénnen, dass die Frifseedime 35 36, Als Strabler 36 wird jedoch ein fiie den HF-Kreis elnsei-
-1 und T2 die Betriebsstromversorgung des Funkielefons i3ges offenes Letterwendel benuiat, dessen Linge wesents
140, 30 bzw. 40 nur unbedeutend belasten. In der Praxis lie- fich kitrzer ist als bel einem Stabstrables
gen beispielsweise die Quellenwidersidnde Re, Ryt und Rg2 An Hand von Fig. § wird gezeigt, dass das Prinzip der Fr-
und dic Widerstande R und B2 bei eiwn 10 k€2 und die ﬁn{lux’m atich hid M2-Dipolantenten unwendbar ist, dic ap
Priifsirdme -1 und L2 unter § mA, Darliber hinaus sind die 9t den Eoden offen siad, Die »mhwende Ausflbrung zeigl gi-
Koppehwiderstinde Ry, Ryl und R, die Quellenwider- nery A/2-Vertikalsteatrier in Form sines axia) gespeisten Di-
stfindde: Rg, Re 1 und R und die Widersttinde R und R2 so pois, Die Apordnung des Nebenpiades emspricht der Aus-
bemessen, dass-auch der Binfluss der gesauden Erkeanungs- fhtrnng gewdb Fig, 5. Ebenso kaon der Nebenptad bel 32
schalieng auf den HI-Stromkeeis des Funktelefons 10, 30 Dipolantennen such entsprechend den Fige 4 und & ausge-
brw. 40 nifnimal ist. Bin weiterer Vorteil der Brfindung be- 45 fithe werden.
steht darin, dass auch angezetgt wird, wean bei der Montage Fig. ¥ zeigt dic Austihinung einer Fichenantenae; wie se
des Pabrzeugs an den Antenrenansehiiissen 12, 22 cto fab- vum Beispiel tm Fabrzeuginneren als Notanteane installiert
scher Antennentyp angeschlossen wird, Beispielsweise eine sein kann, Dhie DipolRichen 42 umnd 44 sind gemeinsam it
Rundfunkantenne, die *keinen Nebenpfad aufweist, cdemt Widerstand R und einem Symmetricratiod BAL auf et~

Die Fig, 4 bis 8 zeigen verschiedepe Pormen von Anten- 30 ner Leiterplatte PB angeordeet. Das Symmenierghed BAL
nen i die Schaltung pemidd der Brfindung, Die Antennen weist zwischen den Ein- und Ausghngen palvadische Ver-
in den Fig. 4 his 4 sind sogenanaie A4~ Verikalsteahler mit bindungen auf, z2um Beispiel ¢ine Umwegleitung, und ist
siner Stablinge 11 = X4, Dabei beseichnet A die [hertea damit vorieithalt ir die suindige Ubsrwachung der Funke
gungswellen] lcmbc nonsbereitschat? der Antenne einhezogen.

Fig. 4 zeipt eine- besonders kostengiinstipe Au siuhmng 55
{ilr cine Antenne mit cincrs Widerstand R ummitielbsar zwi- Patentanspriiche
schen dem ITH-Apschiuss 51 und dem Masseanschiuss
GNDL Die Box 26 stellt eine nichtleftende UmbiiHung tr 1. Schalungsanordnung zum Priifen der Fonktionshe-
den Bereich des Fulipuaktes dar, welche den Widerstand K refisehafl mindestens viner Anteane (14, 240 fir ein
mechaniseh fest mit dem Stabsteahler verbindet, Damit be- &) Funlielefon (16, 36, 40) mit einer Steaerschalung, ei-
wirkt ein Abbrechen der Andenne 14 ap einer honstrukiiy mert Priifsirom (e, Tol, 02}, den zine bpannungs—
geplanten Sollbruchstelle im Bereich der FuBpunkthudre- guelle (V) unabbiiingig von einem Signalsizom (Iyg) in
rung ader cine Demontage asch. das Forttallers deg Neben- cigetn HE-Plad iber ¢ine Antenncnleitung (16, 24) zur
plades mit det Widerstund R und byt dwmit zuw ge- Anteane (14, 20 sendet, und mit einer Auswerteein-
witnselten Brkennen durch die Sehaltung i Funkielelon 68 dchimg {CONM, V) zum Uberwachen der Kontinuiit

1), 30-oder 46,
Witwend die Amenne gemdh der Ausfiibirang nach Fig, 4
¢inie konstrnkiive Maboahie ecfordert, welche ein Abbre-

des Prisfstroms (L, 11, 12, dadureh gekeanzeich-
aet, dass jede Antenne einen Strabler aufweist, welcher
it einem Fode offen in den Raum ragt, wnd dass an je-
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dem Strabler zune Riekfitiren jewedls eines separaten
T‘miqtmn 3 (Lo To ks 12y parallel zam FE-Plad et Ne-

enplad dnges&hlcm e Bty der eine Impedanz 7, R,
By, Ry aubwost,

wobed das ,fb(_r’.a'js__m.n dew Prif
¢d) tuil ipem Spanaungsauswerter

SL}-dlLunomnouir;mw nach "\D‘:}‘IULh I, dadurch
gcumnzuu_hm_t, cdass der ! chenpiad it der Impedans
{2, B, Ry, Rey undtisbae mit dem Steahler vorbunden ist,
so-dass ein Abbrechen der Antenng {14, 28; oder cine
Tlemontage auch das Fortfalien des Nebenptades mix
demt Widerstznd B hewirkt,

3. Schalnmgsanordnung nach Aurspructy 1, dadurch
gekennzeichnet, dass die Tpedany {7, B, Ry, Ry
Nehenpfad ther eine im Verhiltnis zur Ubertragungs-
wellenlanges (A} kuree Anschtubleiiong s Sirakler an-
goschilossen ist,
4. Schahwngsanordnung nach Aaspruch 1, dadurch
pekennzeichact, dass die Iypedang (£, B, Ry, Bapim
Nebenpfad wm ein Vielfaches hoher it als der Stval-
lungswiderstand der Antenne (14, 261,
5. S haltangsanondnung nach .1~,p1w, 1, duclurch
gekennzeichnet, dass im Nebenpfad vine Sedonschid-
fuag von sepaciter Widerstinden (Ra, Rbylegt it -
lettunigen, desen Lingen (12, 13, 1) iledoer stwd als
ein Zehntel dor Ubericagungswellenlinge (1), so dass
dic Zelettungen die Ho schfre u\,nmg\,nwmn des
btmh}u\ siehtoderaur unbedestend beeinflussin,

; Sehalwppsanordneng sach Apspruch 1, dadurch
gc,}u.mnz.udm:.x, dass der Nehenpiad mit der Tmpedanz
{2} i Lonern des Aptenncakéipers Hegt.

7. Setabwmgsanordouny cach Anspruch 1. daddrch
gekennzeichnet, dass der Pritfutrom (5o, Tk, 02) ent-
waider ain CGleichstrom oder eln Wachselstrorn 1s1, mit

ciner Wellenifinge, die ura ein Vielfaches préfier ist als -

me‘lragungswsﬂcnliings:- {A) des Sigralsteoms (el
& Schalungsanordnung gach Anspruch 1, gekeng
weichnet durch mehrere Antennenanschliisse (12, 23
Flr Antennen (14, 200, welehe ein Antennenwahlschal-
ter (18) sliernativ ot einer Sende/Bmplangsicil {RE}
»u‘fa‘miu und welche von sepavaten Peiifsirdmen (11,
T2 durchflossene Nebenzweige aufweisen.

9. Sehaltungsanord mmg pach Anspruch booder 8, da-
duvih ‘J(‘kl‘nn)ﬁkh.hnﬂ.i 55 jeder Nobeoplad minde
stens einen ofithschen W .‘{JM’SL&]G {R: R, Ry, Ba, Rhy;
enthile, und duss zum Pritfen der Funliionsfabigheit
der enmsprechenden Antenne {14, 28} der Spacuungs-
auswerter (VE, VEL, VEZ) am Antennenanschiuss (12,
22y den Ist-Wes der vom Prifsrom (5, Tl I02) be-
wirkien Prifspannuag (Us, Up L, Ug) it einem Sotl:
weert (Upgs) vergheichi,

{0. Schalimmesanordnung nach Ansprach § und 9, da-
dupely gekennzeichney, dassdie Nebenpfiude in Abhéin-
eighett von der Bauform der Aateatea (14, 203 Wider-
o (R, RE) mit verschiedenen Widerstandswerien
anfweisen, darait die Stenerschaltung des Funkielefons
(30, 407 tber den entsprechienden Spannungsauswerter
(VE, VEL, VE2} die an den Amennenansehliissen {12,
22) angeschiossenen Anennen (14, 200 ausch iheer
Bauform unterseheidet und deren Belegung automa-
tiseh erkenaot

11, Schahungssnordoung nach Ansprogh 10, dadurch
gekennzeichnet; dass dic Stowcrschalitng nach dem Br-
kennen dev Belegung der Antenmenanschiiis: )
den Antennenwehischalier (18 in jene Schalterposi-
Lion sevet, i0-der ntern der Antenpenanschinss wit dem
Seade/Enuptangsteil {RF) verbunden ist, an dem duller-
lich ¢ine bevorzugie Antenne (14} anpeschiossen Ist.

A

1}

26

3

Ll

Sk

£0

19923729 Al

12

12, Schaltungsanordnung nach Anxp{u»h 10, dhadureh
gekennzetchnet, dass die Steuersche sltang nach dem -

cnnen der Belegung dev Antennenanschifiess {12, 22)
eine Feblermeldung fir ein Display penerient wnd/oder
die  Ausgangs/Biagangsdaten [ dic Antennensn-
schiiisse (12, 22 enisprechend konilgugert,
13, Sehultungsancrduung aach Anspruch §and B, da-
durch gekennzeichnet, dass wihrend des Wartebaricts
des Funliclelons (30) eine Steuorschaltung Gher einen
Srweuersingang (Syden Antennenwablschalier (18) pedi-
adiseh jeweils flir eine kwrze Dauer von einer ersten
Antense (14) wclner 2weiten Antenne (20) umschal
tet, um awch die Funktionstibighedt dor zweben An-
tenine (20} au pritfen.
14, Schalmngsanordnung nach Anspruch 8 und %, da-
durch gekennzeichne, dass iy die Priifspannung (Uc1,
U2y jedes Antdnnenanschlusses (12, 22) je ein separa-
ter Spannungsauswerter (VEL VE2) vorbandes st
15, Schalrangsanordnung sach Anspruch § und & da-
durch gekennzeichne:, dass Hatkoppelwiderstinde Ryl
wnd Rg2 die Prifspanpuangen (Uel, U2 eder U,
Ucd) der Antenaenanschitisse § }...\ 2 zusammentith-
vorl, s cass #in Spannungsauswerter {YED) die ge-
metnsane Bingangsspanmang (U von belden Amten-
nenanschiissen (12, 22) malysien. gl dass eln Tint-
koppelwiderstand. grifer 18t als der andere, uiy dem
Spannpngsagswerter (VELY mdine sindeutige duord-
augg von Fellers an den Antenncnanschliissen (12,
220 o erradghichen.
16, Sch ihmgﬂanomwun" aach Anspruck 13, dadurch
gekennzeichaet, dass der Spanpungsanswarter (VEL
entsprechend der Anzahl vor mbghches Kombinatio-
nen van Fehlern an den Adenneninschiissen (12, 22y
versehedene typische Hingangsspannung (Ui durch
Verplatch it gespeicherten Wertebereichen erkenmt
und diese als Datensignat (D8} ausgiby und dass eine
Sieverschaliung muteinem M nputer dem susge-
pebenen Datensipnat (DS entsprechende dowillierte
Fehfernteldungen generiert und ausgibl.
17. Schahumgsanordnung nach Anspruch §oder 1 8
dadurch gekeanzeichael, dass in Sedie 2u den Quellen-
widerstinden Rgl und By2 Yorwidersizinde Ryl imd
B2 Begen und dass dor Spannungsauswerter {VEL
tiber Huthoppelwiduerstiinde Ryl und Ri2 an den Ver-
bindungspunkten der Serenschaltung angeschiossen
1si.
18, Schalmmgsanordoung oach den. Ansprichen )
umeh 17, dadurch gekennzeictinet, duss dig Werte fir die
Vorwiderstiande {Rel, Ryl so ausgewithlt werden,
dass Hiy beide Antennenanschléisse { 12‘ 22} die Sunime
auy dern enisprechender Widerstand (RI bew, R2) im
Nebenzwerg und dem dazn in Sene Hegenden Vorwi-
derstand (Ry | brw, 8y 2) etnander gleioh sind, um anch
den Fall sindeutig zu identifizioren, bei dom beide An-
tennen 14, 20 vertauseht angeschlossen sind.
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METHOD AND ARRANGEMENT FOR CHECKING CABLE CONNECTIONS

FELD OF THE INVENTION

The invention relates to a method and an arrangement for checking
cable connections, the cable connections typically being cable connections in
a hase station.

BACKGROUND OF THE INVENTION

Generally, base stations in a radio system are sectored. Each sec-
tor comprises at least two transceivers and a combiner. A combiner comprises
a filtering structure to filter signals as desired. In addition, the combiner com-
prises a combining structure to combine the filtered signals to the same an-
tenna cable. The fransceivers and the combiner are combined by cables such
that each transceiver has a cable connection of its cwn {o the combiner. In a
prior art method, such combinations are carried cut manuzlly, and there has
heen no way to check the correctness of the connections quickly and reliably,
Each cable connection between the fransceivers and the combiner has a
urtigue location determined in the combiner. Usually a sector comprises a plu-
rality of fransceivers, which means that the sector also comprises a plurality of
cable connections to the combiner, as well as inputs for the cables in the com-
biner. Hence, due to human errors, it is highly probable that the cables be-
come incorrectly combined or do not become combined at all, particutarly
when a seclor in the base station comprises a great number of cable connec-
tions. Cabies can also be combined to wrong seciors. Since in the prior art
method | has not been able to test the combinations quickly and reliably,
wrong combinations have caused great financial losses due to delays when
wrong or non-existent combinations have been corrected later. Combining a
new transceiver o a fully accomplished sector may alsc have been a prob-
lematically time-consuming process.

BRIEF DESCRIPTION OF THE INVENTION

An object of the invention is thus lo provide a method and an appa-
ratus implementing the method 50 as to alleviate the above-mentioned prob-
lems. This is achieved by & method of the invention for checking cable con-
nections between transceivers and combiners in a2 base station of a radio
system. In the method, an output of at least two transceivers is connscled to a
combiner such that each transceiver has a cable connection of ils own o a
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corresponding input in the combiner. Each transceiver fransmits a different
signal to the corresponding input in the combiner by the cable, and the trans-
ceivers connecied to the inputs of the combiner, and thus the cable connec-
tions, are identified on the basis of the different signals received by said in-
puts.

The invention also relates to an arrangement for checking cable
connections between fransceivers and combiners. in a base station of a radio
system. The arrangemeni comprises at ieast two transceivers, at ieast two
cables and a combiner, each output of the transceivers being connected to an
input of its own in the combiner by ils own cable connection. Each transceiver
is arranged o transmit a different signal to a corresponding input in the com-
biner by the cable, and the arrangement is arranged io ideniify the transceiv-
ers connected fo the inputs of the combiner, and thus the cable conneclions,
on the basis of the different signals received by said inputs.

Preferred embodiments of the invention are disclosed in the de-
pendant claims.

The idea underiying the invention is thal each transceiver transmits
a different signal o the corresponding input in the combiner by the cable, and
the fransceivers connected to the inputs of the combiner, and thus the cable
connections, are identifiad on the basis of the different signsls received by
said inputs. if no one of said different signals is received by an input of the
combiner, it is assumed that no transcelver has been connected to said inputl.
The signals can differ in frequencies, and resonators can be provided in the
inputs of the combiner to the cable conneclions from the transceivers. A
standing wave according to the frequency of a signal received from the trans-
ceiver is then formed in a resonator, and, on the basis of the standing wave,
the arrangement and method of the invention are able to identify which trans-
ceiver is connacted to said resonator located in an input of the combiner. Hf the
arrangement does not find a standing wave in the resonator, no transmitier is
connected to the resonator. If no standing wave according to the frequency of
a signal transmitted by a transceiver can be found in any resonator, the trans-
mitter is not connected to any resonator in the seclor at issue. The arrange-
ment also identifies a transceiver located in another sector. The cable connec-
tions are checked by the combiners. If the cable connecting the transceiver
and the combiner is provided with a control wiring, the cable connections can
be checked, L.e. controlled, also by the transceivers. In such a case, the trans-
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celver receives information on the cable connection to the combiner by the
control wiring. A new fransceiver is connected to a fully accomplished seactor
such that the hase station is provided with address information on the new
transceiver; consequently, as describad above, it can be checked either by the
combiners or the transceivers that the new transceiver will be correctly con-
nected to the combiner in ifs sector. The cable connections are controlled in
the above-described manner either by the combiners or the transceivers typi-
cally by a base station controlier.

The arrangement and method of the invention are used for check-
ing, quickly and raliably, the cable connections betwesen combiners and tfrans-
ceivers in the sectors of a base station. The invention enables the cable con-
nections of the base station to be efficiently confiqured. The arrangement and
method of the invention enable the cable connections between the combiners
and the transceivers to be comprehensively defined. The invention can be
used to find out whether a cable connection is tolally missing or whether it is
incorrectly combined, in which case the invention can be used to find out from
which transceiver the cable connection originates and whereto the cable con-
nection is connected in the combingr. A potential cable connection between
the transceiver and the combiner between diffsrent sectors, which is always a
wrong connection, can also be tracked down. A further advantage of the in-
vention is that when a new transceiver is connected to a fully accomplished
secior of the base station, the correctness of the connection can be quickly
checked, which means that the connecting procedure is fast and reliable. The
invention ensures quick and successful implementation of the cable connec-
tions between the combiners and transmitiers in the base station, which re-
sults in saving financial resources. Additionally, the arrangement and method
of the invention comprise an auto-detecting function, which can be used for
monitoring all combiners and transceivers in the base station at desired inter-
vais. Hence, if for some reason or other a cable connection disappears, it will
be detected thanks to the aute-detection.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described in closer detail in connection with
preférred embodiments and with reference fo the accompanying drawings, in
which

Figure 1 shows a sectored structure of a base station,
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Figure 2 shows a first preferred embodiment of the invention, and
Figure 3 shows a sscond preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Generaily, base stations of a radio system are sectored, and each
sector comprises a combiner and at {east two transceivers, the fransceivers
being connecled to the combiner. )

Figure 1 shows an example of a sectored structure of a base sta-
tion, which comprises three sectors 102 to 108, and sach of the sectors has a
combiner 108, transceivers 110, and cables 112 of its own. In the combiner, a
unigue input 114 is provided for each transceiver in the sector at issue. Each
transceiver is connected o the input in the combiner by its own cabie. The
cable connections should all take place within the sector. Hence, cable con-
nections from sector {o sector between the combiners and the transceivers are
incorrect. In addition, for transmitting and receiving, the base station com-
prises unique antennas 116 for each sector. The number of transceivers may
vary in different sectors. A base station controller 118 comprises a configura-
tion of the base siation, in other words information indicating how the cable
connections in the base station between the transceivers 110 and the combin-
ers 108 should be arranged. When the cables are combined manually, the
cables may be connecled to a wrong input in the combiner in the correct sec-
tor or the cables may be connected {0 a combiner of another ssctor, or the
cables may not become connected at all.

The sectors 102 to 106 in the base station fransmit and receive in
fransmitting and receiving areas that may overlap. The transmitting and re-
ceiving areas may vary in size in the different sectors 102 to 106 in the base
station,

Lising the arrangement and method of the invention, each trans-
ceiver 110 in the base station shown by Figure 1 transmits a different signal by
the cable 112 to the corresponding input 114 in the combiner 108. A corre-
sponding input is an input assigned o each transceiver by the base station
configuration. The transceivers 110 connscted to the inpults 114 in the com-
biner, and thus the cable connections 112, are identified on the basis of the
different signals received by said inputs.

Figure 2 shows a first preferred embodiment of the invention, which
comprises similar parts to those shown in Figure 1 and, in addition, parts that

P
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will be intreduced in the following. Outputs of the fransceivers are typically ra-

dio frequency outputs. The transceivers are connected o the combiner from

their outputs such that each transceiver has its own cablg connection 10 the

corresponding input in the combiner. The combiner comprises filters 202, and

5  usually each transceiver 110 in the sector has a filter of ifs own. Signals are

filtered, typically band-pass filtered, by the filters as desired. The filtered sig-

nals are combined by a combining structure 203 of the combiner 108 to &

sactor-specific, common antenna cable 204. The combiner can be g summing

unit, for example a GMSK transmission combiner. GMEK (Gaussian Minimum

10 Shift Keving) transmission is typically used transmission in telecommunica-

tions, where a desired number of samples are collected during a given pericd

of time. The samples can be divided into two groups. The samples are proc-

essed event by event, and a bit sequencs is formed for the actual signal proc-

essing, such as decoding. A resonator 206 is provided for each cable connec-

15 tion 112 in the inputs 114 of the combiner from different transceivers 110, The

resonator is preferably a cavity resonator. The combiner is preferably used in

macrocells having great celf radius, in which case the combiner is used at high

transmission power levels, typically being 10 - 100W. In such a case, the cell

has a great fransmilting and receiving rangs, or cell radius, which typically

20  means & - 35 kilometres at the above-mentiocned power range, and the celi
can thus be cailed a macrocell,

The base station controiler 118 of the base station typicaily has a
fogical structure which knows how the cable connections should be arranged
between the combiner 108 and the transceiver 110 in each sector 102 to 106
of the base station. In the first preferred embodiment of the invention shown in
Figure 2, the base station controller 118 finds ali combingrs 108 and trans-
ceivers 110 in the base station. The base station controller commands all de-
tected transceivers io transmil a signal o the combiner. kach tfransceiver
fransmits a signal with a different frequency o the combiner by the cable 112,
30 The different frequencies can be determined, for example, such that a con-

stant frequency is multiplied by a bit number according to the address of each
transceiver. A standing wave is thus gensrated for each resonator 208 in the
input 114 of the combiner which has a cable connection 112 from & trans-
ceiver fransmitting a frequency signal. The standing wave is a spatially con-
35  stant wave. A standing wave ratio is the ratio of the maximum and the mini
mum of the standing wave. Typically, the standing wave is a voltage wave, in

P
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8
which case, when the standing wave ratio is at issue, the ratio is a ratio of the
voltage maximum and the voltage minimum. The arrangement and method of
the invention measure preferably the minimum standing wave ratio that can be
found in the standing wave. The base station controller 118 finds and meas-
wres the minimum standing wave ratios in the resonators 206 and, on the ba-
sis of the minimum standing wave ratios, identifies which transceiver is com-
bined to which resonalor by the cable. The cables have their unigue, deter-
mined positions, or resonators, in the combiner. The base station controller
thus identifies if a resonator has a cable connection from a wrong transceiver.
If the base station controller does not find a standing wave in a resonator at
ali, and thus no minimum standing wave ratio sither, no transceiver has a ca-
ble connection to the resonator. The base station controller can also identify a
ransceiver incorrectly connected from another sector. If the base station con-
troller does not find, in any cavity resonator, a minimum standing wave ratio
according to the frequency of a transceiver, the transceiver is not connected to
any cavily resonator of the combiner in the sector at issue. In the first pre-
ferred embodiment of the invention, the standing wave minimums are
searched and found, and the transceivers are identified on the basis of the
standing wave minimums by the combiner of each sector. The aforementioned
information on the cable connections include comprehensive information on
the cable connections between the combiner and the transceiver in the differ-
ent sectors of the base station. The information is collected from the combin-
ers of the different sectors to the base station controlier 118, which checks
whether or not the cable connections conform with the logical configuration,
Le. the correct cable connections. The information on the cable connections is
processad by microprocessors in the base station controller, and, as a resuit,
potential incorrectly connected cable connections in the base station can be
found.

In a second preferred embodiment of the invention shown by Figure
3, the cables 112 connecting the transceivers 110 in the sectors 102 to 106 of
the base station and the combiner 108 are provided with a control wiring 302.
The second preferred embodiment of the invention is otherwise similar to the
first preferred embodiment of the invention shown in Figure 2 except that in
this case, the cable connections between the tfransceivers and the combiners
are controlied by the transceivers. The transceiver transmits by the cable a
signal having, for example, a constant frequency multiplied by a bit number
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according to the address of the fransceiver at issue. By using the control wir
ing, the transceiver receives the information on the minimum standing wave
ratio from the resonator 208, preferably a cavity resonator, located in the input
114 of the combiner, which thus indicates that a cable connection o the com-
biner exists. If, in the above-mentioned situation, the fransceiver does not re-
ceive a minimum sianding wave ratio according to the transmitted frequency,
no cable connection to the combiner exists. Since in this embodiment the ca-
bie connections are controlled by the transceivers, the combiner 108 can be a
so-called dumb unit, in other words the amount of necessary logic therein can
be considerably lower than in the first preferred embodiment of the invention.
The role of the base siation controller in the second preferred embodiment of
the invention can be similar 1o that in the first preferred embodiment of the in-
vention, but the cable connections are controlled by the transceivers, as de-
scribed above.

The standing wave can have combiner- and resonator-specific dif-
ferences, and, consequently, the signals fransmitted by the transceivers to the
combiner should have sufficiently different frequencies so as to ensure that the
transceivers are identified correctly. In view of the above, it can be determined
that in the preferred embodiments of the invention, the signals transmitted by
the transceivers should have a frequency difference of at ieast 1 MHz between
different transceivers. In the GSM, said frequency difference of 1 MHz can be
determined such that it is five times an ARFN {Absolute Radic Frequency
number). In the second preferred embodiment of the invention, the necessity
for the above-disclosed minimum frequency difference can also be caused by
the control wiring and the properties of the fransceiver side.

Using the preferred embediments of the invention, a new trans-
ceiver can be connected to g fully accomplished sector of a base station
guickly and reliably. The address of the new fransceiver in the base station
configuration is programmed o said new transceiver. Similarly, a configuration
or an addition thereof alse comprising the new transceiver is programmed to
the base station, typically to the base station controller in the base siation. Af-
ter the new transceiver has been connected to the combiner, a checking pro-
cedure can fake place to check whether or not the new transceiver is con-
nected to the combiner of its sector according to the configuration.

The base station, typically the base station controller in the base
station, may carry out auto-detection, which means that at desired intervals it
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can be monitored which transceivers and combiners are interconnecied in the
base station. Similarly, it can also be checked how the connections are ar-
ranged. The aulo-detection is important if, for example, a cable connection for
soma reason or oiher disappears. After the new transceiver has been con-
3 nected o the base station, auto-detection can be used for checking whether or
not the new transceiver is correctly connected to the base station, in other
words according to the corect base station configuration. Also the auto-
detection can be carried out by the base station controller either by the com-
biners or the transceivers.
10 Although the invention has been described above with reference to
the examples in accordance with the accompanying drawings, it is obvious
that the invention is not restricted thereto but can be modified in many ways
within the scope of inventive idea disciosad in the attached claims.
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CLAIMS

1. A method of checking cable connections {112) between trans-
ceivers {(110) and combiners (108) in a base station of a radic system, in which
base station an cuiput of at ieast two transceivers is connected to a combiner
(108} such that each transceiver has a cable connection (112) of isown to a
corresponding input (114} in the combiner (108}, characterized inthat

gach transceiver (110) fransmits a different signal to the corre-
sponding input {114} in the combiner {108) by the cable {112}, and

the transceivers {110} connected to the inputs (114) of the com-
biner, and thus the cable connections (112}, are identified on the basis of the
different signais received by said inputs.

2. A method as claimed inclaim 1, characterized in that if
no one of said different signais is received by an input (114} of the combiner
{108}, it is assumed that no fransceiver (110) has been connectad o said in-
put.

3. A method as claimed inclam 1 or 2, characterized in
that the different signals differ in frequenoy.

4. A method as claimed inclaim 3, characterized inthat a
least one transceiver (110} transmits a signal whose frequency is muitiplied by
a bit number according fo the address of said transceiver.

5 Amethod as claimed inclaim 3, characterized inthatat
least two inputs {114) of the combiner (108) each comprises a resonator (206),
which is preferably a cavily resonalor.

8. Amethod as claimed inclaim 5, characterized inthalthe
received signal forms a standing wave in the resonator {206).

7. Amethod as claimedinclaimbB, characterized inthatthe
transceiver (110} connacled {o the resonalor (208) is identified on the basis of
the standing wave, preferably on the basis of a minimum standing wave ratio.

8. Amethod as claimed inclam 7, characterized inthat i
no standing wave is found in the resonator (208}, no transceiver (110} has
been connected {0 said resonator.

9. A methoed as claimed inclaim 1, characterized inthat a
transceiver (110} belonging to another sector is also identified.

10. Amethod as claimed inclaim 8, characterized inthatif
no standing wave according fo the frequency of a signal transmitted by a
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10
transceiver (110} is found in any resanator {206), said transmitier is not con-
nected to any resonalor (208) in said sector.

11. A method as claimed inclaim 1, characterized in that
the transceivers (110) and the cable connections (112} are identified by at
ieast one combiner (108).

12. A method as ¢lgimed inclaim 1, characterized in that
the cables (112) comprise a control wiring (302).

13. A methed as claimed inclaim 12, characterized in that
the cable connections {112) are identified by the transceivers (110},

14. A method as claimed inclaim itor13, characterized in
that a base station controller {118) controls the cable connactions (112).

15. An arrangement for checking cable connections (112} between
transceivers {110} and combiners {(108) in a base station of a radio system,
which arrangement comprises at least two transceivers, at least fwo cables
and g combiner (108), each output of the transceivers being connected to an
input {114} of its own in the combiner {108), each output by its own cable con-
nection {112}, charactierized inthat

gach fransceiver {110} is arranged lo transmit a different signal to
the corresponding input {114) in the combiner (108) by the cable {112), and

the arrangement is arrangad to identify the transceivers (110} con-
neclted o the inputs {(114) of the combiner {108), and thus the cable connec-
tions (112}, on the basis of the different signals received by said inputs.

18. An arrangement as claimed in claim 15, characterized
in that each transceiver (110} is arranged to fransmit a different signal having
a different frequency.

17. An arrangement as claimed in claim 16, characterized
in that at least one transceiver {110} is arranged to transmit a2 signal whose
frequency is muitiplied by a bit number according to the address of said trans-
ceiver,

18. An arrangement as claimed in claim 16, characterized
in that al least two of the inputs {114} of the combiner (108) each comprises a
resonator (206}, which is preferably a cavity resonator.

‘ 189, An arrangement as claimed in claim 18, characterized
in that the arrangement is arranged o identify the transceiver (110) connected
to the resonator (206) on the basis of a standing wave, preferabiy on the basis
of a minimum standing wave ratio.
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20, An arrangement as claimed in ¢laim 15, characterized
in that the arrangement is also arranged o identify a transceiver {110) be-
longing to ancther sector,

21. An arrangement as claimed in claim 15, characterized
in that the arrangement Is arranged fo identify the transceivers (110) and the
cable connections (112} by at least one combiner (108).

22. An arrangement as claimed in claim 15, charactierized
in that the cables (112} comprise control wirings {302},

23. An arrangement as claimed in claim 22, characterized
in that the arrangement is aranged fo identify the cable connections (112) by
the transceivers (110}

24. An arrangement as claimed in claim 21 or 23, charactier-
fzed in that the arrangement is arranged to control the cable connections
{112} by a base station confrolier (118).
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(54) RADIO COMMUNICATION DEVICE AND THE FAILURE ESTIMATION METHOD

(57)Abstract: 5
PROBLEM TO BE SOLVED: To allow a faulty position in a o
radio sighal transmission/reception part to be automatically
estimated.

SOLUTION: A radio communication device provided with a
plurality of antennas #1 to #n includes: a radio signal :
transmission/reception part 1 which uses the plurality of ;
antennas #1 to #n to transmit/receive radio signals; a :
judgement parameter acquisition part 5 which acquires a
judgement parameter for judging at least one of amplitude
deviations and phase deviations of radio signals among
antennas #1 to #n; an abnormality detection part 7 which
detects abnormalities of respective antennas #1 to #n on
the basis of the judgement parameter with respect to
frequencies of radio signals transmitted/received by
respective antennas #1 to #n; and a faulty position
estimation part 8 which estimates a faulty position in the
radio signal transmission/reception part 1 on the basis of
correspondence between an abnormal antenna out of
antennas #1 to #n and a frequency in response to detection
of abnormality.
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* NOTICGES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2 xxx% shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[Field of the Invention]

[0001]

The present invention relates to the radio communication equipment possessing two or more
antennas, and the failure estimation method which presumes the locating fault of this radio
communication equipment.

[Background of the Invention]

[0002]

Effective use of frequency resources is achieved by improvement in access speed, and Time
Division Multiplexing in the digital communication. The space division multiple (SDMA) system which
uses an adaptive array antenna is known by making frequency resources into the technology which
can further be used effectively. In an adaptive array antenna, an electric wave is transmitted and
received to the communications partner of a specific direction by forming a directivity response
pattern accommodative with two or more antennas.

[0003]

In an adaptive array antenna, in order to control directivity with high precision, it is required to
perform an antenna calibration periodically and to proofread the amplitude characteristic and phase
characteristic at the time of transmission and reception of an antenna. When an antenna calibration
is performed and fault is on a circuit, generating of fault can be detected as a calibration error. The
technique of enabling discovery of fault at an early stage is proposed by performing an antenna
calibration automatically (see Patent Document 1.).

[Patent document 1] JP,2001-53662,A

[Description of the Invention]

[Problem to be solved by the invention]

[0004]

Out of order [ with various factors / the internal circuit of radio communication equipment ] in
wireless communication base station equipment. In a Patent document 1, it primarily aims to
proofread the amplitude characteristic and phase characteristic of transmission and reception of an
antenna by the antenna calibration, and the antenna calibration is not positively utilized for
detection of a locating fault. For this reason, when an antenna calibration goes wrong, service is
suspended, and in order to judge a locating fault, it is necessary to conduct analysis by a help. As a
result, there was a problem of analysis having taken cost and requiring a long time by restoration.
[0005]

In view of the above—mentioned problem, the present invention provides automatically the radio
communication equipment and the failure estimation method which can be presumed for a locating
fault.

[Means for solving problem]

Procomm Exhibit 2015

Ericsson v. Procomm

S o IPR2025-01453, Page 135 of 365
http://www4.ipdl.inpit.co.ip/cei-bin/tran web cgi eijie?atw u=http%3IA%2F%2Fwww4.ipd... 6/5/2013



JP,2008-035286,A [DETAILED DESCRIPTION] Page 2 of 13

[0006]

To achieve the above objects, the first characteristics of the present invention are the radio
communication equipment possessing two or more antennas, and comprise the following:

A wireless signal sender and receiver which transmits and receives a radio sighal using two or more
antennas.

A parameter acquisition part for a judgment which acquires a parameter for a judgment for judging
at least 1 side of an amplitude deviation of a radio signal between each antenna, or a phase
excursion.

A malfunction detection part which detects abnormalities of each antenna about frequency of a
radio signal transmitted and received with each antenna based on a parameter for a judgment.

A locating—fault estimating part which presumes a locating fault in a wireless signal sender and
receiver based on matching with each antenna and frequency with the abnormalities concerned
when abnormalities are detected.

[0007]

The parameter acquisition part for a judgment which acquires the parameter for a judgment for
judging at least 1 side of the amplitude deviation of the radio signal between each antenna, or a
phase excursion according to these characteristics, The malfunction detection part which detects
the abnormalities of each antenna about the frequency of the radio sighal transmitted and received
with each antenna based on the parameter for a judgment, When abnormalities are detected, failure
can be automatically presumed by having a locating—fault estimating part which presumes the
locating fault in a wireless signal sender and receiver based on matching with each antenna and
frequency with the abnormalities concerned.

[0008]

In the radio communication equipment which requires the second characteristics of the present
invention for the first characteristics, a locating—fault estimating part makes it a summary to
presume a locating fault based on first matching with abnormal each antenna and frequency, and the
composition part in a wireless signal sender and receiver and second matching of %%,

[0009]

According to these characteristics, in the radio communication equipment concerning the first
characteristics, the locating—fault estimating part can presume failure automatically by presuming a
locating fault based on first matching with abnormal each antenna and frequency, and the
composition part in a wireless signal sender and receiver and second matching of %%,

[0010]

In the radio communication equipment which requires the 3rd characteristics of the present
invention for the 1st or the second characteristics, When a locating fault is presumed by the
locating—fault estimating part, let it be a summary to have further a control part which makes
operation of a wireless signal sender and receiver continue using the normal part which is a part
except a locating fault in a wireless signal sender and receiver.

[0011]

By making operation of a wireless signal sender and receiver continue using the normal part which is
a part except a locating fault in a wireless signal sender and receiver, when a locating fault is
presumed by the locating—fault estimating part according to these characteristics, The part which
carves a normal operation system and a failure system and can utilize them by the system which is
carrying out normal operation can be used effectively, and can offer the best service also in the
time of a failure occurrence.

[0012]

In the radio communication equipment concerning the 1st — the 3rd one of the characteristics, the
4th characteristics of the present invention make it a summary to have further a locating—fault
informing part which notifies a locating fault outside with the purport that abnormalities were
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detected, when a locating fault is presumed by the locating—fault estimating part.

[0013]

According to these characteristics, when a locating fault is presumed by the locating—fault
estimating part, the notice to the outside of radio communication equipment is attained in a locating
fault by notifying a locating fault outside with the purport that abnormalities were detected.

[0014]

In the radio communication equipment concerning the 1st — the 4th one of the characteristics, the
fifth characteristics of the present invention are a multi—carrier signal and time division signals, and
a radio signal the parameter acquisition part for a judgment, Acquiring the parameter for a judgment
for every antenna, every carrier, and every time slot, a malfunction detection part makes it a
summary to detect abnormalities for every antenna, every carrier, and every time slot.

[0015]

When using a multi—carrier signal and time division signals according to these characteristics, When
the parameter acquisition part for a judgment acquires the parameter for a judgment for every
antenna, every carrier, and every time slot and a malfunction detection part detects abnormalities
for every antenna, every carrier, and every time slot, effective locating—fault detection can be
enabled.

[0016]

In the radio communication equipment which requires the sixth characteristics of the present
invention for the 1st — the 5th one of the characteristics, the parameter acquisition part for a
judgment makes it a summary to acquire the parameter for a judgment in the case of the antenna
calibration which proofreads at least 1 side of an amplitude deviation or a phase excursion.

[0017]

According to these characteristics, a locating fault is detectable using antenna calibration operation.

[0018]

The step to which the seventh characteristics of the present invention are failure estimation
methods applied to the radio communication equipment possessing two or more antennas, and a
wireless sighal sender and receiver transmits and receives a radio signal using two or more
antennas, The step which acquires the parameter for a judgment for judging at least 1 side of the
amplitude deviation of the radio signal between each antenna, or a phase excursion, The step which
detects the abnormalities of each antenna about the frequency of the radio signal transmitted and
received with each antenna based on the parameter for a judgment, Step which presumes the
locating fault in a wireless signal sender and receiver based on matching with each antenna and
frequency with the abnormalities concerned when abnormalities are detected Let it be a summary to
contain.

[Effect of the Invention]

[0019]

According to the present invention, the radio communication equipment and the failure estimation
method which can be presumed can be automatically provided for a locating fault.

[Best Mode of Carrying Out the Invention]

[0020]

Next, the embodiment of the present invention is described with reference to Drawings. In the
description of the Drawings in following embodiments, the identical or similar code is given to the
identical or similar portion.

[0021]

(Example of an entire configuration of radio communication equipment)

As shown in Fig.1 as an example of radio communication equipment below, two or more antenna #1
— #n are provided, and it describes about the base transceiver station which communicates with a
mobile station (an integer greater than or equal to n; 2). Radio communication equipment concerning
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an embodiment of the present invention is provided with the following.

Two or more antenna #1—#n.

The wireless signal sender and receiver 1.

Calibration control part 12.

The parameter acquisition part 5 for a judgment, the malfunction detection part 7, the locating—fault
estimating part 8, the locating—fault informing part 9, the control part 10, and the communication
interface section (the following, “communication I/F part”) 11.

[0022]

The wireless sighal sender and receiver 1 uses two or more antenna #1 — #n as an adaptive array
antenna, and communicates with a mobile station. It is connected to an external network and the
communication [/F part 11 communicates with the manages base station equipment on a network,
etc.

[0023]

At the time of the transmission and reception of a radio signal which used two or more antenna #1 —
#n, the calibration control part 12 controls the antenna calibration operation for proofreading at
least 1 side of the amplitude deviation between antennas, or a phase excursion. An antenna
calibration is performed based on the transmitting characteristic information (amplitude phase
difference information) of each antenna #1 — #n, receiving characteristic information (amplitude
phase difference information), or such combination.

[0024]

The parameter acquisition part 5 for a judgment acquires the parameter for a judgment for judging at
least 1 side of the amplitude deviation of the radio signal between antennas, or a phase excursion
for every antenna. The malfunction detection part 7 judges whether abnormalities occurred in two or
more antenna #1 — #n based on the parameter for a judgment. Detection of abnormalities is
performed about each of two or more antenna #1 — #n, corresponding [ whether amplitude is stably
and ] to whether phase contrast with other antennas is stably. The details of the parameter for a
judgment are mentioned later.

[0025]

The locating—fault estimating part 8 presumes the locating fault in the wireless signal sender and
receiver 1 based on the generation state of abnormalities, when abnormalities are detected about at
least one of two or more antenna #1 — the #n. “The generation state of abnormalities” means
matching with abnormal each antenna #1 — #n, and frequency (carrier frequency or frequency of a
communications channel) here. For example, it means on which frequency of which antenna
abnormalities were detected among each antenna #1 — #n, or whether abnormalities were detected
on the frequency of which antenna group (antenna block) throat. However, it is available in the
generation state of the abnormalities caused about elements other than an antenna according to the
wireless communication system which radio communication equipment adopts so that it may
mention later.

[0026]

When an abnormal antenna is detected as an example, the calibration control part 12 performs
calibration operation two or more times, switching the antenna used as a standard. As a result, the
malfunction detection part 7 can judge abnormalities over the calibration of multiple times, and the
locating—fault estimating part 8 can acquire the generation state of abnormalities. The locating—fault
estimating part 8 judges whether a locating fault is both a transmission system of the wireless signal
sender and receiver 1, a receiving system, or transmission and reception according to the
generation state of abnormalities.

[0027]

The control part 10 makes operation of the wireless signal sender and receiver 1 continue using the
normal part except a locating fault, when the wireless signal sender and receiver 1 is controlled and
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a locating fault is presumed. The locating—fault informing part 9 notifies a locating fault to manages
base station equipment automatically using the communication I/F part 11, when a locating fault is
detected.

[0028]

Therefore, it becomes possible to perform failure correspondence promptly by investigating the part
notified as a locating fault, suppressing the influence which it has when failure occurs only at some
antennas to the minimum, and continuing employment of radio communication equipment.

[0029]

Although antenna #1—#n, the wireless sighal sender and receiver 1, the calibration control part 12,
and the communication I/F part 11 are mounted as hardware, The parameter acquisition part 5 for a
judgment, the malfunction detection part 7, the locating—fault estimating part 8, and the locating—
fault informing part 9 can perform CGPU which mounts as a program and omits a graphic display.
Therefore, it becomes possible to suppress the influence of [ on employment ] to the minimum at
the time of failure or a failure occurrence, without carrying out additional installation of the special
equipment to the radio communication equipment which has an antenna calibration function.

[0030]

(Schematic structure of a wireless signal sender and receiver)

Next, it describes about the schematic structure of the wireless sighal sender and receiver 1. The
wireless signal sender and receiver 1 has the following.

Power amplification and the radio—frequency head 1a (the following, “PA and an RF section”) which
performs amplification, frequency conversion, etc. of a radio signal

The sighal processing part 1b which does signal processing of the radio signal.

[0031]

When transmitting or receiving a radio signal simultaneously from two or more antenna #1—#n, the
signal processing part 1b is constituted so that a weighting may be carried out to the radio signal
about each of two or more antenna #1 — #n. Specifically, the signal processing part 1b has the
transmission weight processing part 13, the weight calculation part 14, the calibration weight
calculation part 15, and the receiving weight processing part 186.

[0032]

From the input signal from PA and RF section 1a, the receiving weight processing part 16 acquires
amplitude information and phase information for every antenna, and notifies amplitude information
and phase information to the weight calculation part 14 and the parameter acquisition part 5 for a
judgment. The weight calculation part 14 computes the weight for adjusting the amplitude and the
phase which are given to the transmission and reception sighals of PA and RF section 1a for every
antenna.

[0033]

Using the weight which shows the phase and the amount of differences between each antenna of
amplitude which the weight calculation part 14 computed, the receiving weight processing part 16
carries out the weighting of the input signal for every [ from PA and RF section 1a ] antenna, and
synthesizes it. This will form the directivity response pattern at the time of reception. The
transmission weight processing part 13 carries out a weighting to the sending signal for every
antenna, using the parameter computed at the time of reception also the time of transmission. This
will form the array—antennas pattern at the time of transmission.

[0034]

(Composition of a calibration control part)

Next, it describes about the composition of the calibration control part 12. The calibration control
part 12 is provided with the following.

Checking signal generating part 2.

A synthesis and the distribution part 3.
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Checking signal sender and receiver 4.

Detection section 6.

At the time of a calibration, the checking signal generating part 2 generates the checking signal of
same amplitude and phase by a baseband zone. As a checking signal, the tone signal (sine wave)
which is a kind of the signal of constant frequency, for example, or the burst signal (bit string) with
which frequency is changed according to the contents of a signal can be used.

[0035]

When inspecting the receiving characteristic of the wireless signhal sender and receiver 1, a checking
signal is input into PA and RF section 1a via the checking signal sender and receiver 4, and a
synthesis and a distribution part 3. On the other hand, when inspecting the transmitting
characteristic of the wireless signal sender and receiver 1, a checking signal is input into PA and RF
section 1a via the transmission weight processing part 13.

[0036]

The checking signal sender and receiver 4 performs conversion with a radio frequency and baseband
frequency. The detection section 6 detects the phase information and amplitude information of each
antenna required for a calibration.

[0037]

A synthesis and the distribution part 3 synthesize the signal from two or more antenna #1-#n, and it
distributes the signal from the checking sighal sender and receiver 4 to two or more antenna #1 —
#n.

[0038]

(Parameter for a judgment)

Next, it describes in detail about the parameter for a judgment. The parameter acquisition part 5 for
a judgment acquires either [ following ] 1-5 and the following combination of 1-5 as a parameter for
a judgment.

[0039]

1) Signal amplitude information about each antenna detected by the calibration control part 12 when
all the antennas have transmitted the electric wave with the same amplitude (following,
“transmission amplitude information”)

2) Reception amplitude information about each antenna detected by the receiving weight processing
part 16 when all the antennas have received the electric wave with the same amplitude (following,
“reception amplitude information™)

3) Phase difference information of the sending signal between antennas (following, “transmission
phase difference information™)

4) Phase difference information of the input signal between antennas (following, “receive—phase—
difference information™)

5) Information computed from the information on the above 1-4

Here, as the above 5, the transceiver amplitude phase difference information etc. of each antenna
standardized with the reference antenna correspond, for example.

[0040]

The malfunction detection part 7 judges the existence of phase fluctuation or amplitude fluctuation
to the parameter for a judgment of the above 1-5.

[0041]

“Amplitude fluctuation (amplitude deviation)” means dispersion produced between the antennas at
the time of [ which is produced between the antennas at the time of making the checking signal of
the same amplitude transmit using each antenna ] varying or making the checking signal of the same
amplitude receive using each antenna. The size of dispersion may judge whether it is settled in the
predetermined threshold value to total antenna average value, and may judge it on a certain
standard.

[0042]
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“Phase contrast fluctuation (phase excursion)” means dispersion produced between the antennas at
the time of [ which is produced between the antennas at the time of making the checking signal of
the same phase transmit using each antenna ] varying or making the checking signal of the same
phase receive using each antenna. A phase excursion is detectable by carrying out the same
transmission and reception operations continuously.

[0043]

For example, when the transmission and reception operations of the checking signal same twice are
performed, a phase excursion determines a reference antenna, phase difference vectors are made,
and it checks by taking the inner product of the phase difference vectors. The number of antennas
is set to “N”,

It is the 1st time a = [al, a2, ...., aN]

It is the 2nd time b = [b1, b2, ..., bN]

(It is al=b1 if the 1st antenna is a reference antenna)

When it is the phase and amplitude vector obtained by *kfdkkrkkikrk the result of “a—b” is
equivalent to the size of fluctuation. If the computed result is standardized to 1, it can be judged
that fluctuation is small, so that real part is [ one ] near. If the size of the real part of the
standardized result is 0.999 or less, it will be judged that it is unusual. Thus, abnormalities are
detected by turning and carrying out the threshold decision of a fixed quantity of fluctuation.

[0044]

(Configuration example of a wireless signal sender and receiver)

Next, the specific configuration example of the wireless signal sender and receiver 1 is described
using Fig.2. The example of Fig.Z shows the configuration example of the wireless signal sender and
receiver 1 in the base station of the system based on an iBurst (registered trademark) standard. In
the system based on an iBurst (registered trademark) standard, the time division multiple access /
time sharing bidirectional transmission (TDMA/TDD) system which adopted the multicarrier are
used.

[0045]

In a multicarrier, and TDMA/TDD system of a multiantenna type, the part etc. which are using every
common circuit, carrier, and different circuits for every antenna on two or more carriers exist. When
the common chip is being used on two or more carriers and failure arises for the chip, it does not
usually happen easily to influence only one carrier.

[0046]

Thus, it is detectable with a certain amount of probability for what chip (circuit) failure has arisen
from the error generating state. Therefore, a locating fault is presumed in consideration of whether
it is the failure generated [ in what kind of unit hardware organization is summarized, and ] where.
[0047]

To the composition shown in Fig.2, the parameter acquisition part 5 for a judgment shown in Fig.1
acquires the parameter for a judgment for every antenna, every carrier, and every time slot.The
malfunction detection part 7 judges whether abnormalities occurred or not for every antenna, every
carrier, and every time slot. In the calibration control part 12, a frequency band is set up according
to the carrier which performs a calibration.

[0048]

The wireless sighal sender and receiver 1 which shows Fig.2 has the following.

1st [ ** ] — 12th antenna #1-#12.

PA and RF section 100.

A serializer / deserializer part (the following, “SER/DES part”) 140.

The carrier block part 150, the carrier control part 160, and the time slot control part 170.

[0049]
PA and RF section 100 are provided with the following.
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PA section 110.

RF section 120.

The PA section 110 is provided with the 1st — the 4th PA circuits 111-114. Each of the 1st — the
4th PA circuits 111-114 is provided with PA and low noise amplifier (LNA) which were connected in
parallel between two transmission and reception selector switches which omit a graphic display, and
two transmission and reception selector switches. The radio signal which used PA at the time of
transmission is amplified, and the radio signal which used LNA is amplified at the time of reception.
[0050]

RF section 120 is provided with the 1st — 12th RF circuit 121-132. Each of the 1st — 12th RF circuit
121-132 performs analog—to—digital (A/D) conversion with the down convert from a radio frequency
band to a baseband zone at the time of reception. On the other hand, at the time of transmission,
up convert from a baseband zone to digital one / analog (D/A) conversion, and a radio frequency
band is performed. The SER/DES part 140 delivers and receives the signal outputted and inputted
between RF section 120 and the carrier block part 150.

[0051]

The carrier block part 150 is provided with the 1st and 2nd carrier block circuit 151,152. Each of the
1st and 2nd carrier block circuit 151,152 is constituted by the field-programmable gate array
(FPGA). At the time of reception, each of the 1st and 2nd carrier block circuit 151,152 distributes
the input signal input for every antenna for every carrier, and distributes the sending signal input for
every carrier for every antenna at the time of transmission.

[0052]

The carrier control part 160 is provided with the 1st — the 8th carrier control circuits 161-168. Each
of the 1st — the 8th carrier control circuits 161-168 is constituted by FPGA. At the time of
reception, each of the 1st — the 8th carrier control circuits 161-168 divides the input signal input for
every cartrier for every time slot, and unifies the sending signal input for every time slot for every
carrier at the time of transmission.

[0053]

The time slot control part 170 is provided with the 1st — the 24th time—slot control circuits 171—
194. Each of the 1st — the 24th time—slot control circuits 171-194 is constituted by the digital signal
processor (DSP). At the time of reception, each of the 1st — the 24th time—slot control circuits
171-194 performs detection, the operation of calibration weight, etc., and performs the multiplication
of weight, etc. at the time of transmission. Detection processing may take a detection system which
is usually different from the time of calibration operation in the time of communication. At the time
of a calibration, it operates so that the information on the difference of the phase amplitude of each
antenna independent of receiving antenna weight (receiving characteristic information) can be
acquired. At the time of communication, transmission weight is usually computed using calibration
weight and receiving weight information.

[0054]

(Example of a generation state of abnormalities)

Next, it describes about the example of a generation state of the abnormalities in the configuration
example of the wireless signal sender and receiver 1 which showed Fig.2.

[0055]

One each of the 1st — the 4th PA circuits 111-114 is assigned for every antenna block which
consists of three antennas. Each of the 1st — 12th RF circuit 121-132 is provided corresponding to
each antenna. The one SER/DES part 140 is provided in common with all the antennas and all the
carriers.

[0056]

One each of the 1st and 2nd carrier block circuit (FPGA) 151,152 is assigned for every carrier block
consisting of four carriers. Specifically, the 1st carrier block circuit 151 is assighed to the 1st — the
4th carrier CA1-CA4, and the 2nd carrier block circuit 152 is assigned to the 5th — the 8th carrier
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CA5-CAS.

[0057]

Each of the 1st — the 8th carrier control circuits (FPGA) 161-168 is provided corresponding to each
carrier.

[0058]

Each of the 1st — the 24th time—slot control circuits (DSP) 171-194 is provided corresponding to
each time slot. Specifically, the 1st, 4th, 7th, 10th, 13th, 16th, 19th, and 22nd time-slot control
circuits (DSP) 171, 174, 177, 180, and 183,186,189,192 correspond to 1st time—slot TS1. The 2nd,
5th, 8th, 11th, 14th, 17th, 18th, and 23rd time—slot control circuits (DSP) 172, 175, 178, 181, and
184,187,190,193 correspond to 2nd time—slot TS2. The 3rd, 6th, 9th, 12th, 15th, 18th, 19th, and 24th
time—slot control circuits (DSP) 173, 176, 179, 182, and 185,188,191,194 correspond to 3rd time—slot
TS3.

[0059]

In such composition, it describes using Fig.3 about matching with the generation state of
abnormalities, and a presumed locating fault. In Fig.3, a total of six patterns of the state 1 — the
state 6 are illustrated.

[0060]

The state 1 is in the state where abnormalities were detected by the specific antenna by all the
carriers and all the time slots, and if PA circuit or the RF circuit corresponding to a specific antenna
is out of order, it can be presumed. For example, as shown in Fig.4, when the antenna 1 shows
abnormalities by all the carriers and all the time slots, it is thought that the 1st PA circuit 111 or 1st
RF circuit 121 is out of order.

[0061]

As shown in Fig.5, the state 2 is in the state where abnormalities were detected by all the carriers,
all the time slots, and all the antennas, and if the SER/DES part 140 is out of order, it can be
presumed.

[0062]

The state 3 is in the state where abnormalities were detected by the specific carrier block by all the
time slots, and if the carrier block circuit about a specific carrier block is out of order, it can be
presumed. For example, as shown in Fig.8, when the specific carrier block (carriers 1-4) shows
abnormalities by all the time slots, it is thought that the 1st carrier block circuit 151 is out of order.
[0063]

The state 4 is in the state where abnormalities were detected by the specific carrier by all the time
slots, and if the carrier control circuit about a specific carrier is out of order, it can be presumed.
For example, as shown in Fig.7, when the carrier 1 shows abnormalities by all the time slots, it is
thought that the 1st carrier control circuit 161 is out of order.

[0064]

The state 5 is in the state where abnormalities were detected by the specific time slot of the
specific carrier, and if the time—slot control circuit about a specific time slot is out of order, it can
be presumed.

[0065]

The state 6 is in the state where abnormalities were detected by the specific antenna block on all
the carriers, and if PA circuit about a specific antenna block is out of order, it can be presumed. For
example, as shown in Fig.8, when the 1st — 3rd antenna #1 — #3 show abnormalities by all the time
slots, it is thought that the 1st PA circuit 111 is out of order.

[0066]

When the malfunction detection part 7 holds previously the table as shown in Fig4 — Fig.8, a locating
fault is immediately consisted of error generating states detectable.

[0067]

(Example of a failure presumption flow)
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Next, with reference to the flow chart shown in Fig.9, it describes about an example of the failure
estimation method concerning the embodiment of the present invention.

[0068]

In Step S101, the checking signal generating part 2 of Fig.1 will be in a waiting state until a
calibration execution demand is notified from a control part. If a calibration execution demand is
notified, it will shift to Step S102.

[0069]

In Step S102, the control part 10 chooses a reference antenna.

[0070]

In Step S103, a calibration is performed by the procedure mentioned above. As a result, the
calibration vector information, the transmitting characteristic information, and the receiving
characteristic information on each antenna on the basis of a reference antenna are acquired. A
calibration vector is a transmission—and-reception—signals amplitude phase of other antennas in
other cases on the basis of the transmission—and—-reception—signals amplitude phase of a reference
antenna. In process of a calibration, the parameter acquisition part 5 for a judgment acquires the
parameter for a judgment.

[0071]

In Step S104, the malfunction detection part 7 judges abnormalities (calibration error) for every
antenna and every carrier.

[0072]

In Step S105, the malfunction detection part 7 checks whether abnormalities have been detected at
Step S104. When abnormalities are not detected, processing returns to Step S101. When
abnormalities are detected, it shifts to Step S106.

[0073]

In Step S106, the locating—fault estimating part 8 judges whether abnormalities were detected over
two or more carriers. When two or more abnormalities are detected over a carrier, it shifts to Step
S107. When abnormalities are detected by only the specific carrier, it shifts to Step S108.
Abnormalities are detected on two or more carriers, and if it is the abnormalities caused with one
antenna, it can be considered that a corresponding antenna is failure.

[0074]

In Step S107, the locating—fault estimating part 8 judges whether abnormalities were detected over
two or more antennas. When two or more abnormalities are detected over an antenna, it shifts to
Step S108. When abnormalities are detected by only the specific antenna, it shifts to Step S109.
[0075]

In Step S109, the control part 10 stops operation of abnormal antenna and carrier. It is presumed
that failure has generated the locating—fault estimating part 8 in the SER/DES part 140. The
locating—fault informing part 9 notifies a locating fault outside with the purport (alarm) that
abnormalities occurred.

[0076]

In Step S108, since there is possibility of the abnormalities of a reference antenna, the control part
10 is controlled to change a reference antenna and to perform a calibration again.

[0077]

In Step S111, the locating—fault estimating part 8 judges whether unusual antennas decreased in
number as a result of Step S108. When unusual antennas decrease in humber, it shifts to Step S112.
When unusual antennas do not decrease in number, it shifts to Step S113.

[0078]

In Step S112, the control part 10 maintains change of a reference antenna, and makes suspension
the antenna which was being made into the standard to last time. The locating—fault estimating part
8 presumes the RF circuit of RF section 132 corresponding to the antenna made into suspension as
a locating fault. In Step S114, the locating—fault informing part 9 notifies a locating fault outside with
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the purport that abnormalities occurred.

[0079]

In Step S113, the control part 10 carries out suspension of the abnormal antenna, and continues
service only with the antenna which is carrying out normal operation. It is presumed that failure has
generated the locating—fault estimating part 8 in the SER/DES part 140. In Step S115, the locating—
fault informing part 9 notifies a locating fault outside with the purport that abnormalities occurred.
[0080]

On the other hand, in Step S108, the control part 10 changes the time slot which was performing
the calibration, performs a calibration again, and confirms whether the malfunction detection part 7
can avoid abnormalities at Step S116. When abnormalities are able to be avoided, it shifts to Step
S117. When abnormalities cannot be avoided, it shifts to Step S118.

[0081]

In Step S117, the locating—fault estimating part 8 detects a locating fault from the time slot control
part 170. And the locating—fault informing part 9 notifies a locating fault outside with the purport
that abnormalities occurred.

[0082]

In Step S118, the locating—fault estimating part 8 presumes a locating fault from the carrier control
part 160. The control part 10 stops operation of the carrier which has caused abnormalities. In Step
S119, the locating—fault informing part 9 notifies a locating fault outside with the purport that
abnormalities occurred.

[0083]

As described in details above, according to the embodiment of the present invention, a locating fault
can be presumed using antenna calibration operation. Instead of suspending the communications
service in an applicable carrier, when failure becomes clear, a failure occurrence part and a normal
operation part are carved, and minimum communications service can be secured also at the time of
a failure occurrence with it being made to give its service only using a normal operation part. At the
time of repair, treatment for repair and an improvement can be promptly performed from having
carved the locating fault.

[0084]

When becoming possible to discover the abnormalities which were not able to be discovered in the
conventional calibration at an early stage, it becomes possible to become possible to prevent
unnecessary radio emission and to improve communication quality.

[0085]

(Other embodiments)

As mentioned above, although the present invention was described by the embodiment, if this
invention is limited, he should not understand the statement and Drawings which make a part of this
disclosure. Various alternative embodiment, an working example, and an investment technique
become clear [ to a person skilled in the art ] from this disclosure.

[0086]

In the embodiment mentioned above, although an example which presumes the locating fault of a
base transceiver station was described, when presuming the locating fault of a mobile
communication terminal, it may apply.

[0087]

Although described about the radio communication equipment which adopts a TDMA system, if it is
the radio communication equipment possessing two or more antennas, it can apply, also when
adopting other wireless communication systems, such as a code—division—multiple—access (CDMA)
system.

[0088]

In the embodiment mentioned above, it described using the antenna calibration about an example
which presumes the locating fault of the wireless signal sender and receiver 1. However, only
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presumed operation of a locating fault may be performed, without using an antenna calibration. In
this case, the parameter acquisition part 5 for a judgment acquires the parameter for a judgment,
without operating the calibration weight calculation part 15.

[0089]

Thus, the present invention should understand including various embodiments etc. which are not
described here. Therefore, the present invention is limited by only matter to define the invention of
appropriate Claims from this disclosure.

[Brief Description of the Drawings]

[0090]

[ Drawing 11It is a block diagram showing the configuration example of the radio communication
equipment concerning the embodiment of the present invention.

i Drawing 2]It is a block diagram showing the example of an internal configuration of the transmission
and reception section concerning the embodiment of the present invention.

i Drawing 3]It is a table for describing the function of the locating—fault estimating part concerning
the embodiment of the present invention.

[ Drawing 4]It is a table showing an example of the generation state of the abnormalities which the
malfunction detection part concerning the embodiment of the present invention detects (the 1).

i Drawing 5lIt is a table showing an example of the generation state of the abnormalities which the
malfunction detection part concerning the embodiment of the present invention detects (the 2).

i Drawing 6]It is a table showing an example of the generation state of the abnormalities which the
malfunction detection part concerning the embodiment of the present invention detects (the 3).
Drawing 7]It is a table showing an example of the generation state of the abnormalities which the
malfunction detection part concerning the embodiment of the present invention detects (the 4).

[ Drawing 8]It is a table showing an example of the generation state of the abnormalities which the
malfunction detection part concerning the embodiment of the present invention detects (the 5).

i Drawing 8llt is a flow chart which shows an example of the locating—fault estimation processing of
the radio communication equipment concerning the embodiment of the present invention.
[Explanations of letters or numerals]

[0091]

# 1-#n — Antenna

1 — Wireless signal sender and receiver

1 a—PA and an RF section

1b — Signal processing part

2 — Checking signal generating part

3 — A synthesis and distribution part

4 — Checking signal sender and receiver

5 — Parameter acquisition part for a judgment

6 — Detection section

7 — Unusual estimating part

8 — Locating—fault estimating part

9 — Locating—fault informing part

10 — Control part

11 — Communication I/F part

12 — Calibration control part

13 — Transmission weight processing part

14 — Weight calculation part

15 — Calibration weight calculation part

16 — Receiving weight processing part

100 — PA and RF section

110 — The PA section
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111 — The 1st PA circuit
111-114 — PA circuit

120 — RF section

121-132 — RF circuit

140 — SER/DES part

150 — Carrier block part

151,152 — Carrier block circuit
160 — Carrier control part
161-168 — Carrier control circuit
170 — Time slot control part
171-194 — Time—slot control circuit

[Translation done.]

Page 13 of 13
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* NOTICGES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2 xxx% shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]

It is the radio communication equipment possessing two or more antennas,

A wireless signal sender and receiver which transmits and receives a radio sighal using two or more
aforementioned antennas,

A parameter acquisition part for a judgment which acquires a parameter for a judgment for judging
at least 1 side of an amplitude deviation of the aforementioned radio signal between each antenna,
or a phase excursion,

A malfunction detection part which detects abnormalities of each aforementioned antenna about
frequency of a radio signal transmitted and received with each aforementioned antenna based on
the aforementioned parameter for a judgment,

A locating—fault estimating part which presumes a locating fault in said wireless signal sender and
receiver based on matching with each aforementioned antenna and the aforementioned frequency
with the abnormalities concerned when the aforementioned abnormalities are detected

Radio communication equipment characterized by preparation ¥k,

[Claim 2]

The radio communication equipment according to claim 1, wherein the aforementioned locating—fault
estimating part presumes the aforementioned locating fault based on first matching with each
aforementioned antenna and the aforementioned frequency with said abnormalities, and a
composition part in said wireless sighal sender and receiver and second matching of %,

[Claim 3]

The radio communication equipment according to claim 1 or 2 having further a control part which
makes operation of said wireless signal sender and receiver continue using a normal part which is a
part except the aforementioned locating fault in said wireless signal sender and receiver when the
aforementioned locating fault is presumed by the aforementioned locating—fault estimating part.
[Claim 4]

Radio communication equipment of a description in any 1 item of Claims 1-3 having further a
locating—fault informing part which notifies the aforementioned locating fault outside with a purport
that the aforementioned abnormalities were detected when the aforementioned locating fault is
presumed by the aforementioned locating—fault estimating part.

[Claim 5]

The aforementioned radio signals are a multi—carrier signal and time division signals,

The aforementioned parameter acquisition part for a judgment acquires the aforementioned
parameter for a judgment for every antenna, every carrier, and every time slot,

Radio communication equipment of a description in any 1 item of Claims 1-4, wherein said
malfunction detection part detects said abnormalities for every antenna, every carrier, and every
time slot.

[Claim 6]
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Radio communication equipment of a description in any 1 item of Claims 1-5, wherein the
aforementioned parameter acquisition part for a judgment acquires the aforementioned parameter
for a judgment in the case of an antenna calibration which proofreads at least 1 side of the
aforementioned amplitude deviation or the aforementioned phase excursion.

[Claim 7]

It is a failure estimation method applied to radio communication equipment possessing two or more
antennas,

A step to which a wireless signal sender and receiver transmits and receives a radio signhal using two
or more aforementioned antennas,

A step which acquires a parameter for a judgment for judging at least 1 side of an amplitude
deviation of the aforementioned radio signal between each antenna, or a phase excursion,

A step which detects abnormalities of each aforementioned antenna about frequency of a radio
signal transmitted and received with each aforementioned antenna based on the aforementioned
parameter for a judgment,

A step which presumes a locating fault in said wireless signal sender and receiver based on
matching with each aforementioned antenna and the aforementioned frequency with the
abnormalities concerned when the aforementioned abnormalities are detected

A failure estimation method containing %.

[Translation done.]
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* NOTICGES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2 xxx% shows the word which can not be translated.

3.In the drawings, any words are not translated.

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]

[0090]

[ Drawing 11t is a block diagram showing the configuration example of the radio communication
equipment concerning the embodiment of the present invention.

and reception section concerning the embodiment of the present invention.

{Drawing 3]It is a table for describing the function of the locating—fault estimating part concerning
the embodiment of the present invention.

{Drawing 4lIt is a table showing an example of the generation state of the abnormalities which the
malfunction detection part concerning the embodiment of the present invention detects (the 1).
{Drawing 5]It is a table showing an example of the generation state of the abnormalities which the
malfunction detection part concerning the embodiment of the present invention detects (the 2).
{Drawing 8lIt is a table showing an example of the generation state of the abnormalities which the
malfunction detection part concerning the embodiment of the present invention detects (the 3).

[ Drawing 7]It is a table showing an example of the generation state of the abnormalities which the
malfunction detection part concerning the embodiment of the present invention detects (the 4).

i Drawing §lIt is a table showing an example of the generation state of the abnormalities which the
malfunction detection part concerning the embodiment of the present invention detects (the 5).

i Drawing 8]It is a flow chart which shows an example of the locating—fault estimation processing of
the radio communication equipment concerning the embodiment of the present invention.

[Translation done.]
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* NOTICGES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2 xxx% shows the word which can not be translated.

3.In the drawings, any words are not translated.

DRAWINGS

[Drawing 1]
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(54) RADIO COMMUNICATION DEVICE

(57)Abstract: 83
PROBLEM TO BE SOLVED: To make the number of parts
smaller, and to detect the abnormalities of a transmitting
section and a receiving section for a radio circuit section
connected to an antenna.

SOLUTION: A signal processor transmits a transmitting
signal generated from one of transmitters for the radio
circuit, makes the transmitting signal receive by receiving
sections for a plurality of the radio circuits except the radio
circuit transmitting the transmitting signal and make the
back—to—back of a radio conduct. A detected sending power
value and a detected receiving power value are stored, and
whether or not the sending power value is kept within a
specified range and whether or not the receiving power
value is kept within the specified range are decided. The
abnormalities of a sending and a reception are detected
from the results of the decisions of a plurality of the
sending power values and a plurality of the receiving power
values, and a sending level and a receiving level are
adjusted.
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* NOTICGES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2 xxx% shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[Field of the Invention]

[0001]

About the radio communication equipment which has the receiving system and transmission system
which are connected to three or more antennas, especially, an abnormal spot is specified and it is
related with the technology of adjusting transmission power.

[Background of the Invention]

[0002]

Radio communication equipment has an antenna terminal to which an antenna system is connected,
in a manufacturing process, an exclusive measuring device is connected to this antenna terminal,
and the check of whether the radio characteristic of the transmission as radio communication
equipment and reception has satisfied the predetermined level value is performed. And it is shipped
after it is checked that it is satisfied. However, the check inspection after construction of radio
communication equipment and construction is conducted by a construction contractor. For this
reason, when abnormalities are looked at by the radio characteristic by degradation of the radio
characteristic by construction defects, such as cable loose connection, and failure after
construction, in order to conclude a locating fault, all connection of an antenna etc. is removed and
the verification of performance as radio communication equipment is required of an exclusive
measuring device. Therefore, the decision of the locating fault has taken much labors and time.
[0003]

A Patent document 1 has disclosed the self-test method that operation confirming of a wireless
communication main device and an antenna system can be easily performed in an operation state
since such a problem is solved. In a Patent document 1, The self—test method of the radio
communication equipment used for the TDMA(Time Division Multiple Access)-TDD (Time Division
Duplex) system wireless communication system provided with two or more antenna systems, two or
more receive sections, and a transmission section is disclosed. In this self—test method, loopback
test processing which receives the predetermined sending signal transmitted via the antenna system
connected to the transmission section of one wireless circuit via the receive section of the wireless
circuit where it was connected to other antenna systems is performed, and this test result is
memorized as table data. In a transmission section, it has a detection means to detect the level of
the transmitted sending signal, and a reflected wave detection means to detect the signal level of
the reflected wave from an antenna system. In a receive section, it has a detection means to detect
the level of an input signal.

[0004]

Change the combination of connection of two or more antenna systems, a transmission section, and
a receive section, and loopback test processing of multiple times is performed, judging whether this
test result is memorized as table data, and these table data is in a hormal range — abnormality
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judgement of an antenna system and a wireless circuit is performed. These table data comprises
three kinds of values of the sending—signal level which the detection means of the transmission
section detected, the signal level of the reflected wave from the antenna system which the reflected
wave detection means detected, and the received signal level which the detection means of the
receive section detected. Abnormality diagnosis is made by the threshold value diagnosis judged for
it to be normal if each value is in a predetermined level range, and to be unusual in the case of
others.

[0005]

[Patent document 1] JP,H10-107744 A

[Description of the Invention]

[Problem to be solved by the invention]

[0006]

There is a function which transmits the sending signal which has any directivity by the radio
communication equipment using an adaptive array antenna system generating the sending signal
which adjusted a phase and amplitude for every antenna in the signal processing part, and emitting
this sending signal from each antenna via two or more transmission sections. Desired directivity is
not obtained unless this directivity has gathered within the limits of predetermined in the relative
level difference of the transmission between antennas, and reception.

[0007]

Since radio communication equipment is installed under severe environment, such as the outdoors,
in many cases, The moisture of storm sewage etc. may penetrate from the aerial connection
terminal which combines an antenna and a wireless circuit section in an operation state, the
impedance between an antenna and a wireless circuit section serves as mismatching by entering of
this moisture, and degradation of the radio characteristic of transmission power deterioration may
be generated. Thus, in order to detect the abnormalities of the radio characteristic by the
impedance mismatching between an antenna and a wireless circuit section, in the above—mentioned
Patent document 1, the reflected wave detecting circuit which detects the reflected wave from an
antenna to the transmission section side is provided.

[0008]

However, since this reflected wave detecting circuit has much number of parts, there is a problem
that a packaging area will become largely.

[0009]

The present invention lessens the number of parts more, and an object of the present invention is
to provide the technology in which the abnormalities of transmission and reception of the radio
communication equipment connected to an antenna are detectable.

[Means for solving problem]

[0010]

In order that the present invention may solve an aforementioned problem, radio communication
equipment provided with at least three wireless circuit sections provided with a transmission section
and a receive section by which an antenna is connected, and a signal processing part which
processes a sighal is provided with the following.

The aforementioned transmission section has a transmission power detection means to detect the
power level of the sending signal transmitted in the transmission section concerned, and the
aforementioned receive section, Have a received power detection means to detect power level of an
input signal received in the receive section concerned, and the aforementioned signal processing
part, A wireless clinch means to make the aforementioned sending signal receive in the
aforementioned receive section of two or more wireless circuit sections other than a wireless circuit
section which made a sending signal generated from one of the aforementioned transmission
sections of the aforementioned wireless circuit section transmit, and transmitted a sending signal.
A transmission power level detected by the aforementioned transmission power detection means
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when carrying out a wireless clinch by above—mentioned wireless clinch means.

A memory means which memorizes a power level on reception detected by the aforementioned
received power detection means.

A malfunction detection means by which combination of a part which detected an abnormal level
previously defined about each of two or more transmission power levels memorized by the
aforementioned memory means and two or more power levels on reception, and detected an
abnormal level detects abnormalities of transmission and reception.

[Effect of the Invention]

[0011]

According to the present invention, the abnormalities of transmission and reception are detectable
with the combination of the part which detected the abnormal level previously defined about each of
two or more transmission power levels memorized by a memory means, and two or more power
levels on reception, and detected the abnormal level. By specifying detection of the transmission
anomaly detected in the reflected wave detecting circuit with the combination of the part which
detected the abnormal level, since it is not necessary to have a reflected wave detecting circuit, the
number of parts can be lessened, and a packaging area can be made smaller. It is based on one
wireless circuit section from two or more transmission power level and two or more power levels on
reception, Adjustment of a transmission power level [ in / on the basis of the one aforementioned
wireless circuit section / it asks for the difference in the difference and the receiving gain degraded
minute of a loss level of an antenna system between other wireless circuit sections and / the
transmission section of other wireless circuit sections ], By performing adjustment of the power
level on reception in the receive section of other wireless circuit sections on the basis of the one
aforementioned wireless circuit section, directivity can be adjusted in the desired direction. A
transmission system, a receiving system, or the abnormal spot of an antenna part can be pinpointed.

[Best Mode of Carrying Out the Invention]

[0012]

Hereafter, the 1 embodiment of the radio communication equipment in the present invention is
described based on Fig.i — Fig.10.

[0013]

Fig.1 is a configuration diagram of the radio communication equipment in this embodiment.

[0014]

In Fig.1, the radio communication equipment 110 of this embodiment is provided with the following.
Wireless circuit RF131 which has a transmission section and a receive section, respectively, RF132,
RF133, and RF134.

Signal processing part 120.

The radio communication equipment 110 is provided with at least three wireless circuit RF, and 1 or
two or more antennas are connected to each wireless circuit RF. In this embodiment, the case
where the antennas 101, 102, 103, and 104 are connected to wireless circuit RF131, RF132, RF133,
and RF134, respectively is shown. Wireless circuit RF 131, 132, 133, and 134 is provided with the
same circuit configuration and function.

[0015]

Wireless circuit RF131 is provided with the following.

Transmission section TX161 which performs transmitting processing.

Receive section RX151 which performs reception.

SW141 to which transmission and reception are switched.

The aerial connection terminal 121 for connecting an antenna.

Similarly, wireless circuit RF132 has transmission section TX162, receive section RX152, SW142,
and the aerial connection terminal 122, and wireless circuit RF133, Having transmission section
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TX163, receive section RX153, SW143, and the aerial connection terminal 123, wireless circuit
RF134 has transmission section TX164, receive section RX154, SW144, and the aerial connection
terminal 124.

[0016]

The antenna 101 is connected to the aerial connection terminal 121 of wireless circuit RF131 by
antenna cable AC111. Similarly for the aerial connection terminal 122 of wireless circuit RF132, The
antenna 102 is connected by antenna cable AC112 and for the aerial connection terminal 123 of
wireless circuit RF133, The antenna 103 is connected by antenna cable AC113 and the antenna 104
is connected to the aerial connection terminal 124 of wireless circuit RF134 by antenna cable
AC114.

[0017]

Transmission section TX161, TX162, TX163, and TX164 of wireless circuit RF have transmission
power detector circuit TD195 which detects a transmission power value, TD196, TD197 and TD198,
and the transmitting circuits 181, 182, 183, and 184, respectively. Receive section RX151, RX152,
RX153, and RX154 of wireless circuit RF have received power detector circuit RD191 which detects
a received power value, RD192, RD193 and RD194, and the receiving circuits 171, 172, 173, and 174,
respectively.

[0018]

Receive section RX and the transmission section TX are switched by time sharing, and switch part
SW141, SW142, SW143, and SW144 are connected to each antenna.

[0019]

The sighal processing part 120 performs digital signal processing, such as sending—signal generation,
transmission power control, sending—signal phase adjustment, and a strange recovery. The signal
processing part 120 had DSP(Digital Signal Processor) 150, CPU140, and the memory 130 at least,
and has memorized the software program which shows the procedure of a malfunction detection
examination method in the memory 130. It may be made to have other application programs.

[0020]

The sighal processing part 120 incorporates a received power value from received power detector
circuit RD191 shown in Fig.1, RD192, RD193, and RD194, A transmission power value is incorporated
from transmission power detector circuit TD195 shown in Fig.1, TD196, TD197, and TD198, and it
memorizes in the memory 130 with which an inside is equipped, respectively. The antennas 101, 102,
103, and 104 shown in Fig.1 when the signal processing part 120 conducts malfunction detection
investigation, Control of switch part SW141 to which the combination of transmission section TX161,
TX162, TX163 and TX164, and receive section RX151, RX152, RX153 and RX154 is switched,
SW142, SW143, and SW144 can be performed.

[0021]

The radio communication equipment 110 in this embodiment can operate as base stations, such as a
cellular phone. In this embodiment, what is called the type (1C+3T) in the case of controlling
employment with one control channel and three communication lines is made into an example in one
radio communication equipment. The radio communication equipment 110 is not what is limited to
this (1C+3T) type, (1C+15T) etc. — the system using an adaptive array antenna system and three
antennas or more are connected, and this embodiment can be applied in what has a wireless circuit
more than the same number as an antenna. It may be made to equip the radio communication
equipment 110 with a wire circuit for wired connection to be carried out to a base station controller
etc.

[0022]

The radio communication equipment 110 using the adaptive array antenna system of the type
(1C+3T) shown in Fig.1, Perform line control of three communication lines and the sending signal
outputted from the signal processing part 120 usually Wireless circuit RF131, RF132, RF133, and
RF134, Simultaneous transmission is carried out from the antennas 101, 102, 103, and 104 via
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switch part SW141, SW142, SW143, and SW144. At this time, the signal processing part 120 forms
the sending signal provided with desired directivity by controlling the amplitude and the phase of the
sending signal transmitted from the antennas 101, 102, 103, and 104 for every transmission section.
[0023]

Investigation of malfunction detection is conducted by carrying out remote control of the signal
processing part 120 by the start instruction from the controlling device 190 of the control center
connected by the control line 180 at the time zone which has a margin in lines of contact, such as
night, the time of communication error generating, etc. With the abnormalities in this embodiment,
there are abnormalities of the antenna system by aging **¥%¥% degradation of an antenna and an
antenna cable, the faulty connection in an aerial connection terminal, etc., abnormalities of a
transmission system in a transmitting circuit, abnormalities of the receiving system in a receiving
circuit, etc., for example. At this embodiment, these abnormal spots are specified by detecting
transmission power and received power by self-radio clinch operation.

[0024]

The configuration diagram of the transmission power detector circuit of wireless circuit RF131 of
radio communication equipment and a received power detector circuit shown in Fig.2 by Fig.1 is
shown.Transmission power detector circuit TD195, TD196, TD197, and TD198 are provided with the
same composition and function. Received power detector circuit RD191, RD192, RD193, and RD194
are provided with the same composition and function.

[0025]

As shown in Fig.2, transmission power detector circuit TD195 is provided with the following.

The diode D231 for rectifying a high frequency output signal which is connected to directional
coupler CP221 of the latter part of the transmitting circuit 181, and is outputted from this
directional coupler CP221.

The low pass filter F211 for carrying out smoothness of this rectified high frequency output signal
further.

A/D-converterAD201 which converts a detected low frequency wave analog signal to digital one.
Transmission power detector circuit TD195 detects the transmission power of the sending signal
transmitted from the transmitting circuit 181, and outputs it to the signal processing part 120.
[0026]

Received power detector circuit RD191 is provided with the following.

The diode D232 for rectifying a high frequency output signal which is connected to distributor
DV240 of the receiving circuit 171, and is outputted from this distributor DV240.

The low pass filter F212 for carrying out smoothness of this rectified high frequency output signal
further.

A/D-converterAD202 which converts a detected low frequency wave analog signal to digital one.
Received power detector circuit RD191 detects the received power of the input signal received in
the receiving circuit 171, and outputs it to the signal processing part 120.

[0027]

Hereafter, it describes about the malfunction detection examination method in a form to this
enforcement. The flow chart of the malfunction detection examination method of this embodiment is
shown in Fig.3. The explanatory view of the transmission power value acquired when malfunction
detection investigation is conducted to Fig.5 is shown, the explanatory view of a received power
value is shown in Fig.6, and the explanatory view showing the decided result in the case of being
abnormal is shown in Fig.7 and Fig.8.

[0028]

The signal processing part 120 will start a program compatible with the flow chart shown in Fig.3, if
the start instruction of malfunction detection investigation is received from the controlling device
190. About the antenna and wireless circuit of the radio communication equipment 110 which are
made into the object which conducts malfunction detection investigation, the signal processing part
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120, In order to carry out sequential execution of the self-radio clinch operation between a wireless
circuit section and an antenna, the transmitting circuit 18N of wireless circuit RF13N which
transmits a sending signal is instructed, and it instructs so that an input signal may be received in
the receiving circuit 17M of the other wireless circuit RF13M (S301, S302). Here, N and M are
natural numbers and show the end of the code of the transmitting circuit and receiving circuit which
are shown in Fig. 1, respectively. First, as N= 1, it instructs in the transmitting circuit 181 so that a
sending signal may be transmitted, and SW 141-144 is switched, respectively so that an input signal
may be received for M as values (M= 2, 3, 4) other than one in the receiving circuits 172, 173, and
174.

[0029]

Next, the transmission power value T1 detected by transmission power detector circuit TD195 is
memorized, as shown in Fig.5, and the received power value S12 detected by received power wave
detector RD 192, 193, and 194, respectively, S13, and S14 are memorized in the memory 130, as
shown in Fig.6 (S303).In Fig.5, the transmission power value T1 transmitted to the item 501 from the
transmitting circuit 181 is memorized, and similarly in the item 502, The transmission power value T2
transmitted from the transmitting circuit 182 is memorized, transmission power value T3 transmitted
to the item 503 from the transmitting circuit 183 is memorized, and the transmission power value T4
transmitted to the item 504 from the transmitting circuit 184 is memorized. In Fig.§, the antenna
code which transmits a sending signal is registered into the transmitting side 600, the antenna code
to receive is registered into the receiving sides 601-604, and the received power value detected by
received power wave detector RD of receive section RX is memorized to the region (it crosses) to
which transmission and a receiving antenna correspond. Here, i of the received power value Sij
shows the number of the end of the antenna code which transmits, and j shows the number of the
end of the antenna code to receive.

[0030]

For example, operation of a self-radio clinch in case transmission section TX161 transmits and
receive section RX152, RX153, and RX154 receive in the radio communication equipment shown in
Fig.4, The sending signal outputted by the signal processing part 120 is input into the transmitting
circuit 181 of TX161, passes switch part SW141 and antenna cable AG111, and is discharged from
the antenna 101. The signal outputted from the transmitting circuit 181 of TX161 at this time is
detected by transmission power detector circuit TD195, and that transmission power value T1 is
memorized in the memory 130 of the sighal processing part 120. The signal transmitted from the
antenna 101 spreads each course Aalphal, Abetal, and Aalpha4, and is received by the antenna
102, the antenna 103, and the antenna 104. The signal received with the antenna 102 passes
through the receiving circuit 171 of antenna cable AC112 and the switch parts SW142 and RX152,
and the received power value S12 detected by received power wave detector RD192 is memorized
by the memory 130 of the signal processing part 120. The signal received with the antenna 103
passes through the receiving circuit 172 of antenna cable AG113 and the switch parts SW143 and
RX153, and the received power value S13 detected by received power wave detector RD193 is
memorized by the memory 130 of the sighal processing part 120. The signal received with the
antenna 104 passes through the receiving circuit 174 of antenna cable AC114 and the switch parts
SW144 and RX154, and the received power value S14 detected by received power wave detector
RD194 is memorized by the memory 130 of the signal processing part 120.

[0031]

It judges whether the transmission power value data memorized next as shown in Fig.5 is within the
limits defined beforehand, or it is outside the range, and the result of a judgment is memorized in the
memory 130, as shown in Fig.5 (S304). In Fig.5, when there is the transmission power value T within
limits defined beforehand, “1” is memorized, and in being out of the range, it memorizes “0” to a
corresponding region. For example, when the predetermined range of a transmission level is set to
21dBm**5dB, the case where a transmission level does not fulfill the predetermined range is carried
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out the outside of the range. When T1 shown in Fig.5 is judged to be outside of the range, the
abnormalities in a transmission system of the transmitting circuit 181 of transmission section TX161
connected to the antenna 101 are detected, a decided result is set to “0” to the region
corresponding to the transmitting circuit 181, and it memorizes in the memory 130 of the signal
processing part 120. A transmission level may make a different value the transmission level at the
time of employment, and the transmission level at the time of malfunction detection investigation.
Since it becomes self—clinch operation at the time of malfunction detection investigation and the
transmission antenna and the receiving antenna adjoin, the transmission level at the time of
malfunction detection investigation can be —5 dBm, for example.

[0032]

Next it judges whether received power value data is within the limits defined beforehand or it is
outside the range, and a decided result is memorized as shown in Fig.7 or Fig.8 (S305).

[0033]

In Fig.7 and Fig.8, the antenna code which transmits a sending signal to the transmitting side 700
and 800 is registered, and the antenna code to receive is registered into the receiving sides 701-
704, and 801-804.When there is a received power value detected by received power wave detector
RD of receive section RX within limits defined beforehand, in being out of the range about “1” again,
he is trying to memorize “0” to the region (it crosses) to which transmission and a receiving
antenna correspond. For example, when the range of a reception level is set to —38dBm**5dB, the
case where the range of a reception level is not fulfilled can be carried out the outside of the range.
The range of a predetermined reception level is made into the range in consideration of the
propagation loss by the distance of the antenna which transmits, and the antenna to receive, turns
into a range which changed with combination of the antenna which transmits, and the antenna to
receive, and may be beforehand defined in consideration of the propagation loss.

[0034]

Similarly, the end number N of the transmitting circuit 18N is added every [ 1 ] (S310), the
combination of the antennas 101, 102, 103, and 104 transmitted and received is changed, and self—
radio clinch operation is performed (S301-S305). Thereby, the transmission power value T1, T2, T3,
and T4 are memorizable in the memory 130 of the signal processing part 120, as shown in Fig.5. The
received power value S12, S13, S14, S21, S23, S24, S31, S32, S33, S34, S41, S42, and S43 are
memorized in the memory 130 of the signal processing part 120, as shown in Fig.§.

[0035]

Noting that wireless clinch operation is completed about all the combination of the antenna
transmitted and received after the signal processing part 120 judging whether the end number of the
transmitting circuit 18N is N= 4 (S306), When there is an abnormal spot whose transmission power
value data and received power value data are outside the predetermined range, the abnormal spot is
notified to the controlling device 190 (S307). When there is no abnormal spot, the signal processing
part 120 notifies the end of malfunction detection investigation to the controlling device 190.

[0036]

The sighal processing part 120 can notify all the transmitting circuit humbers or antenna numbers
corresponding to the region to which “0” is memorized by Fig 5, Fig.7, or Fig.8 as an abnormal
spot.In the signal processing part 120, it may be judged that an abnormal spot is specified from the
transmitting circuit number and antenna number from which the abnormal spot was detected.
[0037]

In this case, it carries out in a procedure as shown below, for example.

[0038]

The abnormality judgement (referred to as ANT101_ALM) between the switch parts SW141 is judged
according to the one following from the antenna 101 shown in Fig.4.

[0039]

ANT101_ALM=(S12) OR(S13) OR(S14) OR(S21) OR(S31) OR (S41) — (several 1)
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[0040]

Here, i of Sij shows the humber of the end of the antenna code which transmits, j shows the number
of the end of the antenna code to receive, and “0” of a decided result as shows Sij to Fig.7 or Fig.8,
or “1” enters.

[0041]

Since transmission and reception are unusual when all the decided results on the horizontal line of
the transmitting side antenna 101 and the line of the length of the receiving side antenna 101 are
set to “0” besides the range if it describes using Fig.7, The signal processing part 120 judges with
between the aerial connection terminals 121 being unusual from the antenna 101, and detects the
abnormalities in an antenna system. In several 1 formula, when there is one “at least 1”7 (within the
limits), it judges with an antenna system not being unusual.

[0042]

By the decided result of a transmission power value as shown in Fig.5, when the abnormalities in a
transmission system are not detected, the abnormality judgement (referred to as RX151_ALM) of
receive section RX151 is judged like [ with the two following J.

[0043]

RX151_ALM=(S21) OR(S31) OR (S41) — (several 2)

[0044]

Here, i of Sij shows the humber of the end of the antenna code which transmits, j shows the number
of the end of the antenna code to receive, and “0” of a decided result as shows Sij to Fig.7 or Fig.8,
or “1” enters.

[0045]

Since only the receiving side is unusual when all the decided results of the line of the longitudinal
direction of the receiving side antenna 101 are set to “0” besides the range if it describes using
Fig.8, the signal processing part 120 judges that receive section RX151 is unusual, and detects the
abnormalities in a receiving system. In several 2 formulas, when there is one “at least 17 (within the
limits), it judges with a receiving system not being unusual.

[0046]

The sighal processing part 120 notifies the part which detected abnormalities to the controlling
device 190 as a result of such a judgment. In other transmission systems, an antenna system, and a
receiving system, it can judge similarly. Thus, the abnormalities of transmission and reception are
detectable with the combination of the part which detected the abnormal level.

[0047]

Next, adjustment with a transmission level and a reception level is performed after malfunction
detection investigation (S308, S309). Malfunction detection investigation is ended after adjustment
with a transmission level and a reception level.

[0048]

The signal processing part 120 calculates an antenna loss based on a transmission power value as
shown in Fig.B, The part which needs the level adjustment of a transmission level, and its level
adjustment values are computed, and by adjusting the transmission power outputted from the signal
processing part 120 according to level adjustment values, it adjusts so that directivity may be
correctly suitable.

[0049]

Adjustment of a transmission level is performed as shown below.

The part of the loss between the switch parts SW is shown in Fig.4 from the transmission power
value of radio communication equipment, receiving gain deterioration quantity, and an antenna.
[0050]

The difference of the transmission power value between each transmission section is called for from
the transmission power value T1 memorized in the memory 130 of the signal processing part 120 as
shown in Fig.3, T2, T3, and T4. For example, the difference with the transmission power transmitted
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from other antennas on the basis of the transmission power transmitted from the antenna 101
shown in Fig.4 is called for by (T2-T1), (T3-T1), and (T4-T1).

[0051]

The loss (C1-C4 show) between the switch parts SW is mainly considered to be the loss of cable
parts from an antenna, and it asks to be shown below.

[0052]

The difference of the loss between the switch parts SW is called for from an antenna with the
difference of two courses of a transmission system when a receive section is the same. For
example, it describes in the combination of the received power value S12 when it transmits with the
antenna 101 shown in Fig.8 and the antenna 102 receives, and the received power value S32 when it
transmits with the antenna 103 and the antenna 102 receives.

[0053]

The received power value S12, When the transmission power T1 shown in Fig.4 and the antenna 101
to the antenna 101 to the loss C1 between the switch parts SW141, the loss C2 from the antenna
102 to between the switch parts SW142, and the antenna 102 spread. The receiving gain
deterioration quantity R2 in s¥k¥kkkkkkkk Aalphal and the receiving circuit 171 can express by
several 3. The received power value S32, When transmission power T3 and the antenna 102 to the
antenna 103 to the loss C2 between the switches SW142, the loss C3 from the antenna 103 to
between the switch parts SW143, and the antenna 102 spread. The receiving gain deterioration
quantity R2 in skkkkkkkkk Aalpha2 and the receiving circuit 172 can express by several 4.

[0054]

(The antenna 101 which transmits —> antenna 102 to receive)

S12=T1-C1-Aalphal-C2+R2 — (several 3)

[0055]

(The antenna 103 which transmits —> antenna 102 to receive)

S32=T3-C3-Aalpha2-C2+R2 — (several 4)

[0056]

The difference of S12 and S32 is shown in several 5.

[0057]

S12-S32=(T1-T3)+(C3-C1)+ (Aalpha2—Aalphal) — (several 5)
[0058]

When the distance between adjoining antennas presupposes that it is the same, since it is thought
that a loss with Aalphal and Aalpha2 is also the same, several 6 is realized.

[0059]

(Aalpha2-Aalphal) =0 — (several 6)

[0060]

Several 7 is realized when it can be considered that the transmission power value of a transmission
section is the same.

[0061]

(T1-T3) =0 — (several 7)

[0062]

In this case, the difference of a loss between the switch parts SW can be denoted by several 8
formulas from an antenna.

[0063]

C3-C1=S12-S32 — (several 8)

[0064]

Similarly, each of the difference of the loss from other antennas shown in Fig.4 between SW(s) can
be expressed as shown in Fig.9.The difference of a loss between SW(s) is shown in the block 901
from the antenna at the time of being based on the transmission power transmitted from the
antenna 101 in Fig.9, The difference of a loss between SW(s) is shown in the block 902 from the
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antenna at the time of being based on the transmission power transmitted from the antenna 102,
The difference of a loss between SW(s) is shown in the block 903 from the antenna at the time of
being based on the transmission power transmitted from the antenna 103, and the difference of a
loss between SW(s) is shown in the block 904 from the antenna at the time of being based on the
transmission power transmitted from the antenna 104.

[0065]

Only the value which totaled the difference of transmission power and the difference of the loss
from an antenna between the switch parts SW adjusts the sending—signal level outputted from the
signal processing part 120, respectively, and it is made to transmit in the signal processing part 120.
Since the loss from transmission power and an antenna to the switch part SW influences at the time
of transmission, he is trying to adjust relatively the transmission level transmitted from other
transmission sections on the basis of the transmission level of one transmission section. For
example, when based on the transmission power transmitted from the antenna 101 shown in Fig.4,
the value which totaled difference with the transmission power T2 of the antenna 102 and difference
with the loss G2 from the antenna 102 to between the switch parts SW142 is set to OUT21. Several
9 comes to show OUT21.

[0066]

OUT21=(T2-T1) (C2—-C1)— (several 9)

[0067]

the difference of the loss from the antenna 102 to between the switch parts SW142, and the loss
from the antenna 101 to between the switch parts SW141 — it is (C2—C1) — as shown in several
10, it can express.

[0068]

C2-C1=(S13-S23)+(T2-T1)+ (Abetal—Aalpha2) — (several 10)

[0069]

Therefore, OUT21 can be denoted by several 11 from several 9 and several 10.

[0070]

OUT21= —-(S13-S23)-(Abetal—Aalpha2)— (several 11)

[0071]

Since the loss of the propagation loss Abetal has a large distance between antennas, supposing it is
large 3 dB, several 11 can be denoted by several 12 to the propagation loss Aalpha2.

[0072]

OUT21=—(S13-S23)-3 — (several 12)

[0073]

The signal processing part 120 assigns the measured values S13 and S23 as shown in Fig.5 to
several 12, calculates OUT21, and it adjusts so that the transmission level of a part for the value
equivalent to this OUT21 and the transmitting circuit 182 may be made to increase to the
transmission level of the transmitting circuit 181.

[0074]

When similarly based on the transmission power transmitted from the antenna 101, the value which
totaled difference with transmission power T3 of the antenna 103 and difference with the loss C3
from the antenna 103 to between the switch parts SW143 is set to OUT31. Several 13 comes to
show OUT31.

[0075]

OUT31=(T3-T1) ~(C3-C1)— (several 13)

[0076]

the difference of the loss from the antenna 103 to between the switch parts SW143, and the loss
from the antenna 101 to between the switch parts SW141 — it is (C3—C1) — as shown in several
14, it can express.

[0077]
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C3-C1=(S12-S32)+(T3-T1)+ (Aalphal—Aalpha2) — (several 14)

[0078]

Therefore, OUT31 can be denoted by several 15 from several 13 and several 14.

[0079]

OUT31= =(S12-S32)-(Aalphal—Aalpha2)— (several 15)

[0080]

Since it is thought that the loss of the propagation loss Aalphal and the propagation loss Aalpha2 is
also the same when the distance between adjoining antennas presupposes that it is the same and it
can be regarded as =(Aalpha2—Aalphal) 0, several 15 can be denoted by several 16.

[0081]

OUT31= —(S12-S32)— (several 16)

[0082]

The signal processing part 120 assigns the measured values S12 and S32 as shown in Fig.5 to
several 16, calculates them, and it adjusts so that the transmission level of a part for the value
equivalent to this OUT31 and the transmitting circuit 183 may be made to increase to the
transmission level of the transmitting circuit 181.

[0083]

When based on the transmission power transmitted from the antenna 101, the value which totaled
difference with the transmission power T4 of the antenna 104 and difference with the loss C4 from
the antenna 104 to between the switch parts SW144 is set to OUT41. Several 17 comes to show
ouT41.

[0084]

OUT41=(T4-T1) -(C4-C1)— (several 17)

[0085]

the difference of the loss from the antenna 104 to between the switch parts SW144, and the loss
from the antenna 101 to between the switch parts SW141 — it is (C3—C1) — as shown in several
18, it can express.

[0086]

C4-C1=(S13-S43)+(T4-T1)+ (Abetal—Aalpha4) — (several 18)

[0087]

Therefore, OUT41 can be denoted by several 19 from several 17 and several 18.

[0088]

OUT41= —(S13-S43)—(Abetal—Aalpha4)— (several 19)

[0089]

Since the loss of the propagation loss Abetal has a large distance between antennas, supposing it is
large 3 dB, several 19 can be denoted by several 20 to the propagation loss Aalpha4.

[0090]

OUT41=—(S13-S43)-3 — (several 20)

[0091]

The signal processing part 120 assigns the measured values S13 and S43 as shown in Fig.5 to
several 20, calculates them, and it adjusts so that the transmission level of a part for the value
equivalent to this OUT41 and the transmitting circuit 184 may be made to increase to the
transmission level of the transmitting circuit 181.

[0092]

By therefore, the thing for which only the part equivalent to value OUT21 which totaled the
difference of difference with the transmission power of the antenna on the basis of the antenna 101
and the loss from an antenna to between the switch parts SW, OUT31, and OUT41 changes the
sending—signal level outputted from the sighal processing part 120, The relative level of transmission
between antennas can be arranged. When it cannot consider that transmission power is the same, it
may be made to arrange a transmission level in consideration of the measured transmission power
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value.

[0093]

Next, adjustment of a reception level is performed as shown below.

[0094]

The difference of receiving gain deterioration quantity is called for with the difference of the
received power between the antennas which oppose. For example, a sending signal is transmitted
from the antenna 101 shown in Fiz.4, and it describes in the combination of the received power
value S12 when the antenna 102 receives, and the received power value S21 when a sending signal
is transmitted from the antenna 102 and the antenna 101 receives.

[0095]

The loss C1 between the switch parts SW141, the loss G2 from the antenna 102 to between the
switch parts SW142, the propagation loss Aalphal, and the receiving gain deterioration quantity R2
can express the received power value S12 by several 21 from the transmission power T1 shown in
Fig.4, and the antenna 101. The loss C2 between the switch parts SW142, the loss C1 from the
antenna 101 to between the switch parts SW141, the propagation loss Aalphal, and the receiving
gain deterioration quantity R1 can express the received power value S21 by several 22 from the
transmission power T2 and the antenna 102.

[0096]

(The antenna 101 which transmits —> antenna 102 to receive)

S12=T1-C1-Aalphal-C2+R2 — (several 21)

[0097]

(The antenna 103 which transmits —> antenna 102 to receive)

S21=T2-C2-Aalphal-C1+R1 — (several 22)

[0098]

The difference of S12 and S21 is shown in several 23.
[0099]

S12-S21=(T1-T2)+(R2-R1) — (several 23)

[0100]

Several 24 is realized when it can be considered that the transmission power value of a transmission
section is the same.

[0101]

(T1-T3) =0 — (several 24)

[0102]

In this case, the difference of the receiving gain deterioration quantity of the receiving circuit 172
and the receiving circuit 171 can be denoted by several 25.

[0103]

R2-R1=S12-S21 — (several 25)

[0104]

Similarly, each of the difference of other receiving gain deterioration quantity shown in Fig.4 can be
expressed as shown in Fig.10.The difference of receiving gain degradation at the time of being based
on the received power received with the antenna 101 in Fig.10 is shown in the block 1001, The
difference of receiving gain degradation at the time of being based on the received power received
with the antenna 102 is shown in the block 1002, The difference of receiving gain degradation at the
time of being based on the received power received with the antenna 103 is shown in the block
1003, and the difference of receiving gain degradation at the time of being based on the received
power received with the antenna 104 is shown in the block 1004.

[0105]

In the signal processing part 120, the reception level which receives only the value which totaled the
difference of receiving gain deterioration quantity and the difference of the loss from an antenna
between the switch parts SW in a receiving circuit is adjusted. Since the loss from an antenna to
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the switch part SW and receiving gain degradation influence a reception level at the time of
reception, he is trying to adjust relatively the reception level received on the basis of the reception
level of one receive section in other receive sections. For example, when based on the reception
level received with the antenna 101 shown in Fig.4, the value which totaled difference with the
receiving gain deterioration quantity R2 and difference with the loss C2 from the antenna 102 to
between the switch parts SW142 is set to IN21. Several 26 comes to show IN21.

[0106]

IN21= (R2-R1) <(C2—-C1)— (several 26)

[0107]

the difference of the loss from the antenna 102 to between the switch parts SW142, and the loss
from the antenna 101 to between the switch parts SW141 — it is (C2-C1) — it can express like
several 27.

[0108]

C2-C1=(S13-S23)+(T2-T1)+ (Abetal—Aalpha2) — (several 27)

[0109]

the difference of receiving gain deterioration quantity — it is (R2—R1) — it is shown in several 28.
[0110]

R2-R1=(S12-S21)+ (T2-T1) — (several 28)

[0111]

Therefore, IN21 can be denoted by several 29 from several 27 and several 28.
[0112]

IN21= (S12-S21) -(S13-S23)—(Abetal—Aalpha2)— (several 29)

[0113]

Since the loss of the propagation loss Abetal has a large distance between antennas, supposing it is
large 3 dB, several 29 can be denoted by several 30 to the propagation loss Aalpha2.

[0114]

IN21=(S12-S21)-(S13-S23)-3 — (several 30)

[0115]

The signal processing part 120 substitutes the measured value S12 as shown in Fig.§, S21, S13, and
S23 for several 30, calculates IN21, and it adjusts so that the reception level of a part for the value
equivalent to this IN21 and the receiving circuit 172 may be made to increase to the reception level
of the receiving circuit 171.

[0116]

When similarly based on the received power received with the antenna 101, the value which totaled
difference with the receiving gain deterioration quantity R3 and difference with the loss C3 from the
antenna 103 to between the switch parts SW143 is set to IN31. Several 31 comes to show IN31.
[0117]

IN31= (R3-R1) <(C3—-C1)— (several 31)

[0118]

the difference of the loss from the antenna 103 to between the switch parts SW143, and the loss
from the antenna 101 to between the switch parts SW141 — it is (C3—C1) — it can express like
several 32.

[0119]

C3-C1=(S12-S32)+(T3-T1)+ (Aalphal—Aalpha2) — (several 32)

[0120]

the difference of receiving gain deterioration quantity — it is (R2—R1) — it is shown in several 33.
[0121]

R3-R1=(S13-S31)+ (T3-T1) — (several 33)

[0122]

Therefore, IN31 can be denoted by several 34 from several 32 and several 33.
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[0123]

IN31= (S13-S31) —(S12-S32)—(Aalphal—Aalpha2)— (several 34)

[0124]

When the distance between adjoining antennas presupposes that it is the same, since the loss of the
propagation loss Aalphal and the propagation loss Aalpha2 is also the same (Aalpha2—Aalphal), it
can be regarded as =0, and several 34 can be denoted by several 35.

[0125]

IN31= (S13-S31) —(S12-S32)—— (several 35)

[0126]

The signal processing part 120 substitutes the measured value S13 as shown in Fig.5, S31, S12, and
S32 for several 34, calculates IN31, and it adjusts so that the reception level of a part for the value
equivalent to this IN31 and the receiving circuit 173 may be made to increase to the reception level
of the receiving circuit 171.

[0127]

The value which totaled difference with the receiving gain deterioration quantity R4 on the basis of
the received power received with the antenna 101 shown in Fig 4 and difference with the loss C4
from the antenna 104 to between the switch parts SW144 is set to IN41. IN41 can be expressed as
shown in several 36.

[0128]

IN41= (R4-R1) -(C4—C1)— (several 36)

[0129]

the difference of the loss from the antenna 104 to between the switch parts SW144, and the loss
from the antenna 101 to between the switch parts SW141 — it is (C4—C1) — it can express like
several 37.

[0130]

C4-C1=(S13-S43)+(T4-T1)+ (Abetal—Aalpha4) — (several 37)

[0131]

the difference of receiving gain deterioration quantity — it is (R4—R1) — it is shown in several 38.
[0132]

R4-R1=(S14-S41)+ (T4-T1) — (several 38)

[0133]

Therefore, IN41 can be denoted by several 39 from several 37 and several 38.
[0134]

IN41= (S14-S41) —(S13-S43)—(Abetal—Aalpha4)— (several 39)

[0135]

Since the loss of the propagation loss Abetal has a large distance between antennas, supposing it is
large 3 dB, several 39 can be denoted by several 40 to the propagation loss Aalpha4.

[0136]

IN41=(S14-S41)-(S13-S43)-3 — (several 40)

[0137]

The signal processing part 120 substitutes the measured value S14 as shown in Fig.5, S41, S13, and
S43 for several 40, calculates IN41, and it adjusts so that the reception level of a part for the value
equivalent to this IN41 and the receiving circuit 174 may be made to increase to the reception level
of the receiving circuit 171.

[0138]

Thus, difference with the receiving gain deterioration quantity on the basis of the received power
received with the antenna 101, The relative level of reception between antennas can be arranged by
correcting only value IN21 which totaled difference with a loss between the switch parts SW from
the antenna, IN31, and IN41 to the reception level received in the sighal processing part 120.

[0139]
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Although this embodiment showed the case where four antennas and a wireless circuit were
provided, in three antennas and a wireless circuit, similarly, a loss is relatively searched for on the
basis of one wireless circuit, and a relative level can be arranged.

[0140]

As described, as mentioned above, a transmission system, the antenna system between [ an
antenna to ] the switch parts SW, Compute the difference of three kinds of losses of a receiving
system, and suitable calculation is performed in the signal processing part 120 based on the
difference of three kinds of this loss, By adjusting a sending—signal level from a calculation result in
the signal processing part 120, and correcting a reception level from a calculation result in the signal
processing part 120, the relative level difference of the transmission between antennas and
reception is lost, and directivity can be correctly suitable in the desired direction.

[0141]

According to this embodiment, the abnormalities of transmission and reception are detectable with
the combination of the part which detected the abnormal level. By specifying detection of the
transmission anomaly detected in the reflected wave detecting circuit with the combination of the
part which detected the abnormal level, since it is not necessary to have a reflected wave detecting
circuit, the number of parts can be lessened, and a packaging area can be made smaller. It is based
oh one wireless circuit section from two or more transmission power level and two or more power
levels on reception, Adjustment of a transmission power level [ in / on the basis of one wireless
circuit section / it asks for the difference in the difference and the receiving gain degraded minute
of a loss level of an antenna system between other wireless circuit sections, and / the transmission
section of other wireless circuit sections ], The relative level of transmission and reception can be
arranged by performing adjustment of the power level on reception in the receive section of other
wireless circuit sections on the basis of one wireless circuit section. Thereby, directivity can be
adjusted in the desired direction.

[Brief Description of the Drawings]

[0142]

{Drawing 11It is a circuit configuration figure of the radio communication equipment in this
embodiment.

[ Drawing 21It is a configuration diagram of the transmission power detector circuit in this
embodiment, and a received power detector circuit.

{ Drawing 3]It is a flow chart which shows the procedure of conducting malfunction detection
investigation in this embodiment.

{Drawing 4/ They are a transmission power value of the radio communication equipment in this
embodiment, receiving gain deterioration quantity, and the block diagram in which the part of the
loss between the switch parts SW was described from the antenna.

{ Drawing 5]The explanatory view of the transmission power value acquired when malfunction
detection investigation in this embodiment is conducted.

i Drawing 6] The explanatory view of the received power value acquired when malfunction detection
investigation in this embodiment is conducted.

i Drawing 7]It is an explanatory view showing a decided result in case abnormalities are between the
switches SW141 from the antenna 101 when malfunction detection investigation in this embodiment
is conducted.

[Drawing 8]It is an explanatory view showing a decided result in case receive section RX151 when
malfunction detection investigation in this embodiment is conducted has abnormalities.

{Drawing 9]It is an explanatory view of the expression showing the difference of a loss between the
switch parts SW from the antenna of the radio communication equipment in this embodiment.
{Drawing 10]It is an explanatory view of the expression showing the difference of the receiving gain
deterioration quantity of the radio communication equipment in this embodiment.

[Explanations of letters or numerals]
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[0143]

110 — radio communication equipment, and 131, 132, 133 and 134 — wireless circuit RF, 120 — a
signal processing part, and 101, 102, 103 and 104 — antenna, 161, 162, 163, 164 — The
transmission section TX, 151, 152, 153, 154 — Receive section RX, 141, 142, 143 and 144SW, 121,
122, 123, 124 — Aerial connection terminal, 191, 192, 193, and 194 — received power detector
circuit RD, and 171, 172, 173 and 174 — a receiving circuit, and 195, 196, 197 and 198 ——
transmission power detector circuit TD, and 181, 182, 183 and 184 — a transmitting circuit and 150
— DSP and 140 — CPU and 130 — a memory

[Translation done.]
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* NOTICGES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2 xxx% shows the word which can not be translated.

3.In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]

In radio communication equipment provided with at least three wireless circuit sections provided
with a transmission section and a receive section by which an antenna is connected, and a signal
processing part which processes a signal,

The aforementioned transmission section has a transmission power detection means to detect
power level of a sending signal transmitted in the transmission section concerned,

The aforementioned receive section has a received power detection means to detect power level of
an input signal received in the receive section concerned,

Radio communication equipment comprising:

A wireless clinch means to make the aforementioned sending signal receive in the aforementioned
receive section of two or more wireless circuit sections other than a wireless circuit section which
the aforementioned signal processing part made a sending signal generated from one of the
aforementioned transmission sections of the aforementioned wireless circuit section transmit, and
transmitted a sending signal.

A transmission power level detected by the aforementioned transmission power detection means
when carrying out a wireless clinch by said wireless clinch means.

A memory means which memorizes a power level on reception detected by the aforementioned
received power detection means.

A malfunction detection means by which combination of a part which detected an abnormal level
previously defined about each of two or more transmission power levels memorized by the
aforementioned memory means and two or more power levels on reception, and detected an
abnormal level detects abnormalities of transmission and reception.

[Claim 2]

In the radio communication equipment according to claim 1, the aforementioned signal processing
part, It is based on one wireless circuit section from two or more transmission power level and two
or more power levels on reception which are memorized by the aforementioned memory means,
Adjustment of a transmission power level [ in / on the basis of the one aforementioned wireless
circuit section / it asks for difference in difference and a receiving gain degraded minute of a loss
level of an antenna system between other wireless circuit sections, and / a transmission section of
other wireless circuit sections ], Radio communication equipment having further an adjustment
device which performs adjustment of a power level on reception in a receive section of other
wireless circuit sections on the basis of the one aforementioned wireless circuit section.

[Claim 3]

In the radio communication equipment according to claim 1, the aforementioned malfunction
detection means, Radio communication equipment detecting any of an antenna part connected to
the aforementioned transmission section of the aforementioned wireless circuit section, the
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aforementioned receive section, and the wireless circuit section concerned generation places of
abnormalities of the aforementioned transmission and reception are from two or more transmission
power level and two or more power levels on reception which are memorized by the aforementioned
memory means.

[Translation done.]
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* NOTICGES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2 xxx% shows the word which can not be translated.

3.In the drawings, any words are not translated.

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]

[0142]

[Drawing 11t is a circuit configuration figure of the radio communication equipment in this
embodiment.

embodiment, and a received power detector circuit.

{Drawing 3]It is a flow chart which shows the procedure of conducting malfunction detection
investigation in this embodiment.

{Drawing 4iThey are a transmission power value of the radio communication equipment in this
embodiment, receiving gain deterioration quantity, and the block diagram in which the part of the
loss between the switch parts SW was described from the antenna.

{Drawing 51The explanatory view of the transmission power value acquired when malfunction
detection investigation in this embodiment is conducted.

[ Drawing 8]The explanatory view of the received power value acquired when malfunction detection
investigation in this embodiment is conducted.

i Drawing 71It is an explanatory view showing a decided result in case abnormalities are between the
switches SW141 from the antenna 101 when malfunction detection investigation in this embodiment
is conducted.

i Drawing §]It is an explanatory view showing a decided result in case receive section RX151 when
malfunction detection investigation in this embodiment is conducted has abnormalities.

switch parts SW from the antenna of the radio communication equipment in this embodiment.

i Drawing 1011t is an explanatory view of the expression showing the difference of the receiving gain
deterioration quantity of the radio communication equipment in this embodiment.

[Translation done.]
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1.This document has been translated by computer. So the translation may not reflect the original

precisely.

2 x¥kkx shows the word which can not be translated.
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Application/Control Number: 13/321,076 Page 2
Art Unit: 2648

Claim Rejections - 35 USC § 102
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:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or
on sale in this country, more than one year prior to the date of application for patent in the United States.

Claims 21-25, 28, 31-35 and 38 are rejected under 35 U.S.C. 102(b) as being anticipated
by Heikkinen (WO 2008/023097 Al).

21. Heikkenen discloses a method in a radio network that includes a device, the method
comprising: measuring, via the device, a parameter associated with at least two antenna ports of
the device; comparing, via the device, the measured parameter with an expected parameter
associated with the at least two antenna ports to determine an error; comparing, via the device,
the determined error to a threshold; and determining, via the device: an erroneous antenna port
connection for the at least two antenna ports when the error exceeds the threshold, and a correct
antenna port connection for the at least two antenna ports when the error is less than or equal to
the threshold. [Fig. 4; page 9-10, as it describes figure 4 and the process of measuring each port
to determine function or error, where the reflected signal is the error which exceeds the
threshold]

22. The method of claim 21, where measuring, via the device, the parameter comprises:
determining a parameter associated with at least two antenna elements of the device, where the at
least two antenna elements are associated with the at least two antenna ports; and measuring,

based on the determined parameter associated with the at least two antenna elements, the
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measured parameter. [page 10, the measured reflected signal is a parameter used for each of the
at least two elements in determining]

23. The method of claim 22, where the determined parameter associated with the at least
two antenna elements comprises one or more of an amplitude or a phase. [page 10-level is
amplitude]

24. The method of claim 21, where the measured parameter associated with the at least
two antenna ports comprises one or more of an amplitude or a phase. [page 10-level is
amplitude]

25. The method of claim 21, where the measured parameter associated with the at least
two antenna ports comprises a difference between a signal transmitted via one of the at least two
antenna ports and a signal received via another one of the at least two antenna ports. {Fig 5; page
12}

28. The method of claim 21, further comprising: receiving antenna port permutations for
a plurality of antenna ports of the device; receiving expected information associated with the
plurality of antenna ports; calculating expected values for different antenna port permutations
based on the received information; acquiring measured values associated with the different
antenna port permutations; comparing the expected values for the different antenna port
permutations with the measured values for the different antenna port permutations to determine
errors for the different antenna port permutations; and determining an optimal antenna port
permutation to be one of the different antenna port permutations with the smallest determined
error.[pages 9-11, antennas are continually tested to determine proper function. of the expected

values associated with a functional antenna change, the antennas may be reallocated, and thus
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changed to a new permutation, on the fly, if only one antenna is functioning then that is the
permutation with the lowest error]

31. A device in a radio network, the device comprising: at least two antenna ports; a
memory to store a plurality of instructions; and a processing unit to execute instructions in the
memory to: measure a parameter associated with the at least two antenna ports, compare the
measured parameter with an expected parameter associated with the at least two antenna ports to
determine an error, compare the determined error to a threshold, and determine: an erroneous
antenna port connection for the at least two antenna ports when the error exceeds the threshold,
and a correct antenna port connection for the at least two antenna ports when the error is less
than or equal to the threshold. [Fig. 4; page 9-10, as it describes figure 4 and the process of
measuring each port to determine function or error]

32. The device of claim 31, where the device further comprises: at least two antenna
elements associated with the at least two antenna ports, and where the processing unit is further
configured to execute instructions in the memory to: determine a parameter associated with the at
least two antenna elements, and measure, based on the determined parameter associated with the
at least two antenna elements, the measured parameter. [page 10, the measured reflected signal is
a parameter used for each of the at least two elements in determining]

33. The device of claim 32, where the determined parameter associated with the at least
two antenna elements comprises one or more of an amplitude or a phase. [page 10-level is

amplitude]
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34. The device of claim 31, where the measured parameter associated with the at least
two antenna ports comprises one or more of an amplitude or a phase. [page 10-level is
amplitude]

35. The device of claim 31, where the measured parameter associated with the at least
two antenna ports comprises a difference between a signal transmitted via one of the at least two
antenna ports and a signal received via another one of the at least two antenna ports. {Fig 5; page
12}

38. The device of claim 31, where the processing unit is further configured to execute
instructions in the memory to: receive antenna port permutations for a plurality of antenna ports
of the device, receive expected information associated with the plurality of antenna ports,
calculate expected values for different antenna port permutations based on the received
information, acquire measured values associated with the different antenna port permutations,
compare the expected values for the different antenna port permutations with the measured
values for the different antenna port permutations to determine errors for the different antenna
port permutations, and determine an optimal antenna port permutation to be one of the different
antenna port permutations with the smallest determined error. [pages 9-11, antennas are
continually tested to determine proper function. of the expected values associated with a
functional antenna change, the antennas may be reallocated, and thus changed to a new
permutation, on the fly, if only one antenna is functioning then that is the permutation with the

lowest error]
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Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating obviousness
or nonobviousness.

el NS

Claims 26-27, 29-30, 36-37 and 39-40 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Heikkinen (WO 2008/023097 A1) in view of Taylor (2003/0198305).

Regarding claims 36 and 37, Heikkinen discloses the method of claim 21, but does not
expressly discloses using a squared error comparison. Taylor discloses, in an analogous system,
the use of Minimum mean squared error, [0054, 0103] meaning the difference between the
square of the expected and measured values would be calculated and compared to a threshold
meaning equations equivalent to those used in the claims would be implicitly used. Therefore it

would have been obvious to determine and compare a squared error, as this is a common
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statistical tool often applied to signal processing, as it helps to eliminate randomness and provide

a more accurate value. .

Regarding claims 26 and 27, Heikkinen disclsoes the method of claim 31, but does not
expressly discloses using a squared error comparison. Taylor discloses, in an analogous system,
the use of Minimum mean squared error [0054, 0103], meaning the difference between the
square of the expected and measured values would be calculated and compared to a threshold
meaning equations equivalent to those used in the claims would be implicitly used. Therefore it
would have been obvious to determine and compare a squared error, as this is a common
statistical tool often applied to signal processing, as it helps to eliminate randomness and provide

a more accurate value.

Regarding claim 29-30 and 39-40, Heikkinen discloses the method of claim 21 and
device of claim 31 respectively, between a base reader and a tag, but not expressly a base station
and associated remote unit. Taylor discloses analogous system where the devices comprise a
base station and associated radio in a wide area network. [0044] Therefore it would have been
obvious to one of ordinary skill in the art that the same signal processing and error detection

would be identically usable on a larger scale to provide the same benefits.
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Conclusion

The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure. See the attached PTO-892 for a listing of relevant art.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LEWIS WEST whose telephone number is (571)272-7859. The
examiner can normally be reached on Monday-Friday 7:30-4:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Temesghen Ghebretinsae can be reached on 571-272-4177. 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 §66-217-9197 (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.

Lewis G. West/
Primary Examiner, Art Unit 2648
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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
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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 USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
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call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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

page 2 of 3

Procomm Exhibit 2015
Ericsson v. Procomm
IPR2025-01453, Page 226 of 365



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).

SelectUSA

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, facilitate, and accelerate 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.
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FEE CALCULATION SHEET

Substitute for Form PTO-1360
(For use with Form PTO/SB/06)

Application Number

13321076

Filing Date

Applicant(s) Qi ngyu Miao

* May be used for additional claims or amendments
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ode: IDS
Doc code - . . . Approved for use through 07/31/2012. OMB 0851-0031
Doc description: Information Disclosure Statement (IDS) Filed 1.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 OMB control number.

Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submissicn under 37 CFR 1.99)

First Named Inventor ! Miao
Art Unit

Examiner Name

| TBD
| TBD

Attorney Docket Number |4D15-7892lP28266-US1

U.S.PATENTS
. . . . Pages,Columns,Lines where
E)fgm:ner Cite Patent Number Kind Issue Date Na”.‘e of Patentee or Applicant Relevant Passages or Relevant
Initial No Codet of cited Document )
Figures Appear
1 5867123 1899-02-02 Geyh et al.

If you wish to add additional U.S. Patent citation information please click the Add button.

U.S.PATENT APPLICATION PUBLICATIONS

Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
N Cite No . Relevant Passages or Relevant
Initial Number Codeli Date of cited Document :
Figures Appear
1 20090051591 Al 2009-02-26 Nakajima et al.

If you wish to add additional U.S. Published Application citation information please click the Add button.

FOREIGN PATENT DOCUMENTS

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Apolicant of cited where Relevant T
Initial* |No |Number3 Code?j Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 101154977 CN A 2008-04-02 ZTE CORP D
2 0040050 WO A1l 2000-07-06 ARRAYCOMM INC |:|

If you wish to add additional Foreign Patent Document citation information please click the Add button

NON-PATENT LITERATURE DOCUMENTS
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Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.99)

First Named Inventor | Miao
Art Unit TBD

Examiner Name l TBD

Attorney Docket Number |4015—7892 / P28266-US1

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* [ No

If you wish to add additional non-patent literature document citation information please click the Add button

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible.  Applicant is to place a check mark here ifj
English language translation is attached.
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Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.99)

First Named Inventor | Miao

Art Unit | TBD

Examiner Name | TBD

Attorney Docket Number | 4015-7892 / P28266-US1

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97{e)}(2).

[] See attached certification statement.
[] The fee set forth in 37 CFR 1.17 (p} has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature iDavid D. Kalish, Reg. No. 42706/ Date (YYYY-MM-DD) 20t~ ~ 17

Name/Print David D. Kalish Registration Number 42706

This collection of information is required by 37 CFR 1.97 and 1.98. 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 1 hour 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, 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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SIPO_ENGLISH PATENT DETALI Page 1 of 1

Home Apout sipo News Lawé&poticy Special topic

SITE SEARCH 2

Method for detecting cable connection of intelligent antenna outdoor unit

Application Number 200510152734 Application Date 2006.09.26
Pubtication Mumber 101154877 Publication Date 2008.04.02
Priority Information

International

Classification HO4B7104

Appiicant{s} Name ZTE Corporation

Address

Inventor{s) Name Zeng Zhaohua;Li Bin

Patent Agency Code 11274 Patent Agent wanging
Abstract

The present invention discloses a method for defecting the cable connecting of the ouidosr unit of the intelligent
antenna, which setiies the problem that the connecling sequence can not be delected when the intelligent anienna
array is connected with the front unit of the outdoor radio frequency by a radio frequency coaxial cable in the TD-
SCDMA communication syslem. The invention presents a method for confirming the connecling sequence of the
corresponding cable accerding to the estimated data of the communication channgl, changing the complexor
sequence in the antenna array direclion, searching the maximum value of the energy in the air space, and the
anfennae array direction complexor sequence which corresponds with the maximum value. The present invention
effectively settles the problem of detecting the connecting seguence of the of the radio frequency cabie in the
readizing of the intelligent antenna project; the detecting sequence of the present cable can be accurately detecled
while the upgoing communication channel is adopted to process the data according to the criterion that the space
detecting recedving power is maximum traversing atl the cables at the condition that the calcutating gifficuity is
effectively controfied; the smooth arithmetic is adapted for the originality, the noise and disturbance are sieved and
the correctness of the detecling arithmelic is increased.

= Machine Translation | = o Close
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FERFORMANCE MONITOR FOR ANTENNA ARRAYS
HELD OF INVENTION

JOw

This inveotion nelutes to devices and methods for monlisring the operational
comdition of ulividus! sntonnas in wireless comnninication systuns, and mwors
speeificatly, to detecting on-line the apparent fatlure of panticular antennay in an array of

anisnngs,

BACKGROUND TO THE INVENTION
Lomng ago radio teanscelvers universally opersted with single antenvas broause

the wavelangths involved were laege and multipls aotennas in ap awvay were fpracticsl,

Niyw at the very Bigh frequencies that ave conunon in celiular telephone transes

sach andenne can be guite sraall and arvays of antonnss can he used o great advadags.
Alse, signad processing technology is seadity availisbls o fake advantage of performance

b 2

improvaments possible with muliiple antenny systems, This ix sspecially true of calludar
¥ 3 ,

f '()

telephons base stations hat need 1w improres the recelved signal stoengths adfor steer

the wansmitied signals i partieniar dirsetions to improve performancs,

Systems with an array of suiltiple-asienua aoay ave therefore belng proposed
and Bnplemented. In soms vases, the shople differonce in location of sue anterms over

another in the e andenna aotay will resadt 1o # strouger, o weaker, seceived sgual.

ove padin Systen

)w

is now conventionally used W Impro

Such spatial “dversiy™
performancs aud relishility, The differsaos in recebved signsd strengths auuwgst
individua! antonaas in an otherwise ssemingly closely grouped array may result from the
way reflected multipath sigaals srdive ot ench one. Swoast antenna systerns also ave Being
proposed which add adaptive “spatial” processing o inprove porformance. Bach
sntenng contringes 1o o weighted combination of reveived signals and the combination

can then e fuput to o spatial processor which detsvmines optimal welghis for improved

e

performance. Thiv can even allow for more than ong “spatial”
vonventional (frequeney, thme-slot, andfor code) chanael, Such muitiplexing i

sometines called spatial division multiple scosss (SDMAY, For s degeription of smart

antenna SDMA systams that can work with meors than one spatial chasmel per
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conventiona! channel, see, for example, coowned U3, Patents 5,315,378 (lesuegd May
T, 10087 and 5,843,353 (snued June 340 1997 ontitled SPATIAL DIVRSION MULTIFLE
ACCESS WIRELERY COMMUNICATION SYETEME, Ruy, HY, e ¢, tnventors, and co-
owned LLS. Patent 5,352 4590 (ooned Junuary 7, 1997 cntitled SRECTRALLY

P
FICTENT HIGH CAPACITY WIRELESY COMMUNICATION SYXTEMY, Bavatt,

., Brvsntors. For a sinart satonna systen that has only one spatial channed por
vonventional channel, sse co-owned UA. Patent Application Seriad Nonbay OV TIR39G,

it

filed oo Cotober 1 1998, entitled METHOD AND APPARATUS FOR DECIION
HNRECTED DEMODULATION USING ANTENNA ARBAYS AND SPATIAL

FPROCESSING , Barsatter of, fnvenias,

With such systems, it therelors is bnponant for maintenance personnel o know
i ons o more antonnas iy ey functioning corrently for whatever reason. Une such

reason is that Gare s some Grulty heedware in the sutenna o the stguad path of the

;m

output of the atenna, Fo  esaniple, if thres out of four asiennas in an aray are working,
the fourth antenna’s fallure will ne nsusily cause an operational fallure of the whels

transeeiver that would drase atiention to the problem, so 8 Hathwe of one antenns could

oy Hme. In the meantime, the losy of one or nore antenpas will

T2
o
%
5
b3
Con
<&
o
%
<
s

%
£
fragd

~
5
w»
Yo
>

degrads the peeformunce of the base station sad could resalt in lost rovenues, devreased

3

customer sstisfrotion, and syven wasted madnisnance sffogts,

I addition to sume of the hardware being faulty, 1t is also unpottant to detset

and wuantfy siting officiency for multiple antenon systens. i d esiridle for the

antennay to he alanced, However, for example, there may be siing situations i whieh
pne of the antennas may be “hidden,” Lo, 3 rony be in an RE shadow and so wan’t
secebve guals very well I such & sttuation, all the urdwars may be working correstly,
Cbut the anlenns system was not placed wallo This 18 move likely in a micvo-celuin

eavirmumnent (ke the FHE or BECT vystom) thap in a cellolar sysiem,

The torm Bualty sndenns will thas be understood hersin 1o mew an anlentia in

ol

which sither the hardware Is foulty, or which producss o low signad

siting tnafficiency.

-
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SUMMARY

Ay ey

et of the preseat inveation i @ method and apparatus for detscting the

fatlures of one or more panioniar antenpsas in an anay anonad.

Ancther object of the preserd invention I8 to provide @ method for quantifying

5 siting o anionns 'i?:gé;:maa afficisney,

Another object of the present invention is o oreate 2 methad for monitonng
pes&iiﬁi ¢ failores of ong or o particudar antonnus In an ansy antenns, the mpuitoriag

ng very lttle processing overhesd

Frds

Another object of the Invention is o pravide a monitor that can vepart an the

ot
pise

hesfth of particulir antennas In antenni wrrays without baving o take the receivar oF

wanscetver off-line for mainisnange.

Rriefly, antema monitor smbodiments of the present tnvention colleet statisties
abont the meosived signal &t st sugths of sach antenna 1 & couperating atray over long.

periods of time, In cellndar telephone base statton applivations, sumples of the oeivad

,.(3

13 signal strength ave teken whensver ag active tiodd
Pesiodizally, such samples sre averaged and added 1o 8 reoning total that I malntatued
i1 an accumulator for eack mutenna, The sccumelsted totals are then somparsd sfter a
statistioally sufficient nunsber of samples Bave been sollectadd and svernged. Hroken
antennes, o nres with bad comections, will be rovesled by those corresponding signel

o $

fcnflection periods, the spatiad

"

w paths having foew accumuiatad totads Given long enon

{,

diversity of the antennas in the arsy will have only 4 mintmal Impact on favoring one

A

antsnna over another, s thet taly Sudty antennas will be si“{\’mu rathey than those that

bave low signal bevause of their spatial focation relative o other sutennas in the array.

L3

An advantags of the present mvention {s that a T OTHOL 18 Provi ided that

yoz
8

detects brokon aninnas, or ones with bad vonnertions, or ones that are badly & ited,

Apether advantuge of the prosent inventica 38 that an aplenis mosser is
provided that con work with @ multiple antcana systenn with any typs of antesna and

with any tvpe of receivers,
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Yer snother advantage of the present Invention is that
srovided that works continuonsty and does not reguire a wizsless aystan fo be stwt-

down for anionng mmuinissance.

L5

Vet another advantage of the preserg fovention i that an auonna monitor is

g

provided that requires vary fintle

,,,3

wocessing everhead 8o Is sasy o implement it existing

Xysiems,

BRIEF DESCRIPTION OF THE DRAWINGS

3,

The prasent invention will be more fally nnddestood from the detatled preferms
smbodimonts of the wvention, which, however, should not be taken 1o Hmitthe

invention to any specific enbodiment but wee for explanation and better snderstanding

only. The embodimeniz i fuen see oxplained with the aid of the following Sgures:
j k Mo
Fig. 1 s a fimctiona] blook disgeasn of & multh-antonas iransceiver aystem that

way include an anfenns performunwee monitor of the present invention;

135

7"(

&

Fig, 2 is fusctional block diagram of 8 multi-antenna reoehver sysiem anie

&
Z
s

performanee monitor of the present invention; amd

oy

Fig. 3 ie a fowchart of a process smbodiment of the prosent Invention 1 which

fintios that are used to

w

the sutonng performsnee mentor of Fig. 1 s aved 10 collent 8t

35

’ﬁ

identify suy son-parfornting individeal sntennay in the antonng array.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The first one or two digits in g reforence muneral ndleate on which Hgavs that
seforence muneral is fivst intraduced. Por example, reforence swmerals between 188 and

199 spe first introdhived i Big. 1, those between 206 and 298¢ are fivyt Intonluced in

¥

The entiodiments of the prosent invention are praforably implunented o
wireless conununication systens that include comy munication stations {e.z. colhadar base
stattons} thay have an aray of antenna elements together with adaptive smart anienng
procssing. For c:-fm:ngi Fig. 1 shows @ commoniostion syaten 108 which inclades ¢

hase station 182 with a moltb-cloment sntenns arrsy 104 that ey e sl sommands
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ssoriber untis 198, 108 to rospond-io # in an ﬁmanv msnner. In one

,,.A

for mohile sul
iplementstion, the communication system T oparates ustng the personat handy
phons (FHA) commumications protocol which i popular in Japun, The mobile

1

subacriber units 108, 108 may be mobile or fxed. A mobile or WLL system may ba
{

sualog or dightal, sod may we feguensy divisien multiple access (FDMAY, vode
division muitiple avcess (CDMAY or time division multipls seos {TINEA)Y technigues,

the lstter usoally in combination with FIMA (TDMAFDMA). Barratt o o, describe a

FHS FOMASTDMA base station having four antenny sloments, in sbove-mentionad
Unitesd States Pateat Application 08/729,399, filed Ootober 11, 1996, inworporated
hergin by refirence. & PHS FIMA/TDMA base station for & wissless foval loep OWLLD

system that oy have any nanber of antenng clersents is duseribed by Yan in United
Siates Patot Application GHQ20,049, filed February 6, 1988, ;i{zs:css‘pm*mﬁd hersin by

While the preferred embodiment deseribes a wysten that inchudes adaptive st
mtenna provessing, this invention s applicable to sny commundention ¢ sogiver that uses

more thar one gotenna clement & achieve spatial d.i‘s-‘{:.z‘:%i{y i recspio

Fig. 1 ropresends & fypioal {wo-way conumpncaions 8y

sty 13MY, for sxaraple &

pell in 1 oelular systerm that inchades & commumications station (&g, & bage station) 34,

and commamication syston 108 has a remote-te-conununications-atation uptids, and a
conunonizations-atation-to-remots downlink, Conununiestions station 182 includen an

anterma array 164 which includes asveral diserete antonng eloments sach sssociatad with
3 transmitter of 2 sst of transmitiers 124, 2 recelver of & set of repelvers 112, and 3 aignal
procesaot 118 that eoordinsted the reveived sigaals or signals o be transmitted 1o taks
advantage of the spatial divevsity of the antennas, Compucstions station HIZ sapporty
foll-duplex radio commmunicstion with sehsoriber unita, and twa such remete uaits 106
and 108 are shosen. In o praforrad amhadiment, commuications station 103 uses cnlya

single srray of sntennz slements for both resotve and tramamdt T such case, &

recoivefiransantt (TR switch 118 is veed. 1o a system thal

=
5
%
%5
;:!:-
14
oo
72
el
f"‘
<
1
~
Anelr
o
foed
faed
A
s

‘

duplexing (FDD), meaning & diffsrent frequenay for the uplink and downlink, TR

switoh 138 i & feque

ancy duplexsr, Fow thve-domain duplexing (TDD) in which
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different thme ot i used S the uplink and the downlink o comnrnicate with the

same rernoie aoit, an cleotrical switch can be used

. 198, 188) and possibly from

foterfering soechannel users ave received st exch eloment of the anlenna Ky v 184, and
individually puss through T/R switch VI s Vreceive position”™ fo set of recstvers T2
Fach sntenns sloment inihe antenna arvay 104 has a recedver in set 112 associaied with

by

i, Bach receiver of set of revedvers 112 dowa-convents the sadio-fecquency (RF) signal

from ity corresponding anivona sloment e bresband, so that set of reretvers 12 fors &

corresponding sat of bassband recetved

{ signals 114, In the preferred omboditoeny, each
regsiver in recebver set 132 &5 of convent sonal design and mludes anslog RE

X

compunents, analog downconversion tompienss, av analog to digitad vonverr, agui

digital desvmonvenior components fo producs one of the digital basebasd antenns

signals 114, and thees baseband receheed antonns signals e processed by receive sigaal
nrocessor 1314 to gensrate & seochved signad from a particular subseriber, e.g, from
rermote unil 186 o 108, In the preferred ombodiment, the recelve signal processar 116
does the signal durnodolation and the spatial processing. The spatial progsssing ases the
fact there ave moltipls antenna cloments with spatial diversity to s advantage.

procsssor 116 detenmines 2 weighted surm of compler in-

Specifioally, the reonive sigasl

ohase (1) and guadeature () sntonna signaly, according 1o a set of compdexr v adued

raceive weights designed to sehisve @ masimurn signal-do-goise ratle (SNR) a

maxhnem cnevier-to-interforancs yatie, of some other ariterfon. Such weights can be
snbined to 8 ventor of complen-valued reveive weights, Qutput 1A8 iy the vodes sadfor

data decoded by receive sigaad processor 118 and fs coupled 0 8 telephone netwark

interfave wt (NI

On the downdink side, conununiations- SIation-Ae-ramote, CINnuncations

soresenting voloe ansbor data from the NI The signd 38

station 102 rovelves dats Y36 vy g
modulated by & transmit sigral procssaoy 122 and the result weighted according o g sot

of cranplex-valued weights o gensrate z sot of welgited modulaled basshand sigaals.

exch copy e avcording 1o a trans: nit-waight vector of complex valoed

~

sind weights, In the preforred embodimend, such & vecior & conmpaiied by o fransmit-

fghts derived by reogive signad

A&

walght pererator 128 from the sot of meetved-sigaal we
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procssser 136 for the prrtioudar somote wser bolng tansmitted 1o, Bach wolghted
fransmit bassband signals & fod o one of set of tamsmntisrs 134 0 generate an
ncdepanderd RE traosmit sigaad for sach comresponding slement of antenng aray 184

)\

theough TR switch 118 i the Miransout position”™,

Yarious conventional methods ars RKoown for determining the recebve sud
rransit weights. See for exsmple, sbove-cited UL, Patents 3. 318.378, and 3392484,

owned 11L&, Paterd Application munber OS84E 772 1o Pavish, e ol {filed Ot 18,

TROTY In gevernd, the weights am chiosen so that the satema avay recelve

i

ast of the ensrgy from or wards 8 particalar sobsoriber upll, e, “beanvforming™,

sandfor It rocsives of frvamils miz - fromm or toward co-channe! imterfarery

¥ o

.8 mibplacing.” One mothed of determining ransmit woights, for examygpde, s 10

connpaste the et of ansmit weights 138 dissedy from the set of reosive waights 138

Iy recatve sigoal prog

= < S

or 1 for the particolar remiote weey, the

computation carrded st by transmit welght gencrator 126 in read lume. In such a oase,
Quring this computation, transnut weight generator 126 must take inte account the gaiy

sndd vw%ms differcnces between the oplind and dowalink propagation signal pethes where

»

the signal pathg telude be

gt
c
[
8

- air-path froen 2ad o 3 subacriber unit amd the variation
anng the different signal pacts within the recatve BF electronios and alse within the
wansmdt RE slectronios. Ths information is stored in calibration veoloy geosratur anit

132 o the formef g calibeation veotor $34,

In Fig. 2, 5oset of recetvers 3 v connecied (o an antonng syvay Baving fow
Ery ¥
anterusa sleoents 201384, Note that while Fig. 3 shows 8 receiving system that uses.

four antennag, this lovention is spplicable to o recoiver with any mumber of autennss,

('/
€f’
e
%
G
o ]
5”}"‘
)'
'7-4
=3
i
4
3

The teansmitter pard ﬁh T/R switch part as shown io Fg. 1 ave uot inad

s following description. Set of receivers 208 is aimilar to the fronds

ened parts of set 112 desoribed for the communivations statton 112 in Fig. L Bach of the

four antenua elements 201K v independently awsockatd with a corvesponding

reoniver 206209, 3 vorresponding anudog-to-dighial vonversion stage 232-215, and 2

corresponding received signal drangth (RSSD calculator J18-221, The snalog-to-digisl

e

conversiow stages 21338 are generally included, for exuraple, inselof revebvers 112
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{Fig. 1), Also nat shown here sre any digital dewnconversin §

$744
o

 that may exiat after

the anadog to dightsd conversion, The configuration shown hiere is used as past of base

sustion operating i a PHY wireless telophonee aystam, but many other kiads of systems

with setenns seeavs conld alse benefit Srom the present fnvention, To detenming the slate

o

of the anterma sloments, ong or mowe active mobile rangmitters {subsoriber uniis} arg

sesurned 1o be operating In the vichudty. A threshold filier 324 dotermines ifany R3S
Lol

vatus {mipa t by the R3S caloulstors 318-221 at & time determined by & sample timing

-\

S&1 vidoe dnput 228 Io collulae telephooe hase station

spplications for example, smnples of the recelved signal sirength are taken whenever an
1 autive mobile subsocibar is operating o the wea. I suy one REST value output by the

RAST calouiators 218221 does exceed such mininnnn, then ali four of the 3‘&5;?{1::*;;’.\;-‘&:

cryresponding short fenm accunustators {STAs) 33233 for sccumuiating shon term

s
e
’ﬂ

13 In one sspuot of the trvention, the goal i io detrraine 3 messure of the aversge

-

i
i

signal strength received by each antenni. A kg torm average fa preforred, amd becagse

of hardwars Rmitations, In preforeed crabodimenis, tve stage aversging s ased, 2.8,

short lerm averages age first obtained, and these are accuvmuiated by & seonnd

accunaiaty B0 obtain & Jong term average (LTAY Glven an accunutiator with &

20 sufficient punder of bits, other boplementations can go divectly to adoug L average.
The number bite neaded for sovumulation, sud heave the muunber of cowrdting stages of
stovage calls within cach acoummilator is depondent v the receiver design, B8
apphication, and the freguency I which setive molile units operate within ran

g, Fay

fewer or many more stages of sovumulator sand sversging are possible il all sach
28 variations fall within the scope of the present invention. Alse, while the average is used
5 an indication in the prefemred catbodinment, cther measures that are indiostive of the

aversgo may shevnaiely be used,

In aome ambodiments of the present fnvverdion, i may be eferabie o convert

v

the magnitudes of the RES sample msasurements s & log-soaly, o o g deotbed

R B sesder This can belp redice dynaonio range I the rosults aad to slimingte spurious

¥

results and interpretations that weould ocsur froen wide variations in the measurements if
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Hoear msasurements were used directly. The RESTsamples, In log soale, ave then

socwrnuisted and averaged as desortbed below. The conversion to log (decibel) seale

5

“soch so ‘m\m wese i inpose # huavy

I
,,,a,,

nesd not be hghly scourate, csprcially
compuiational load. & stmple-w-eafontate transformation s prefoed that will
approxiraate 3 lnsaran-log copversion. Nute also that while RS&L i'biiz;\,\ ae

recnnailsiod in this embodiment, this is hecause REST indication ik comnmon in cellular

and other wireloes recnivers, 3 po edditions! hardware would nead to be designed to

oitain sach measures. This provides forthe monitoning witlvvery

overhead, Of course, any other indiostion of signal strangth may &

wsing such other Indicstion of sigoal strength s within the sos

230-233 prefurably ave able to sorumudate st Tesst 25 eight-bit Moary
RESTvalves, whers L i an fnteger. L=18 in the prefrred embodiment, Whan sbout 313
RS&E values are socumulated, 3 cormseponding set of averagers 238338 deternuines the
svarags REShvalue associated with each antenns slemen 201284 over the last &

samples, A simpls way (o do this iz 1o haee 3T A8 230-233 cach addHin overy new

RIS -value wuail 285 sunples see accumulated from the tueshodd fHher 224 to forma

rurndng total, wd then shift the yrand total fifioan-bit positions (L positions m the

gonersd oase of 3 samples) toward the least significant bit to sffeciuate o binagy divils

=z

Ve
ty FE3
¥t

Rach short-isom-averags BEShvalue i x puraliel set of four ave thereafter

1

forwarded to a comresponding ong of a set of long-term accunmddators (LT Ax) 243248,
Such LTAs 342-248 praforally are sble to store st Jeast 219 such short-tony avemge

RASTvahues. Note that in the preferred exvbodiment, the averaging nparation of the

7o)

<t

adues in the STAS may conveniently be comblned with the adiing to the LTAs by
adding a 15-hit-posiiton shifted version of the sceunulated valuss to the LTAN A

contralier 248 coordinates STAS 2304233, averapers 236238, and LT As 242348, A

god

prvameters input 258 allows the functioning of sach of $TAs 330233, averagers 236~

)

239, and LTAs 343348 1o be programumahie. An antonng statisties ontput 283 alfows

tcividual dats-points and torals tunning within the STAR 238-233, the averagen 336~

P
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238, and the LTAS 43248, 1o be luspected and decisions i (o the state o { the anlenaas

mande,

After g sufficient numbar of

31

ndivuted by a particulie mavnber of short torm pverages scawnulated dn LTAs W45,

it may beevident from ¢ refatiendy iw&“ RE5T average from LTAg 243248 that ave ar

more of the receiver signal paths fas a broken or disconpected or otherwise fanky

1
o’
23
74
el
&
4
{»
m
ot
2
i
2
s
P
{

32
CZ‘/
{Z?

Hven fong enough collsotion perlods, sthe spatiad

diversity of the mutensay iy the array will bave sy a minbing! mpset on finoring one

ardonns vy mwmr

values sxperiencad during cach shurt-torm accuniation period (3
and tracked alony with the running averages. i oan bappes that the peoudiar spatial

it 1o a short-erm of obtainiag low RE&E-

&
£

diversity of one antenna 281304 has relegaied

o

values, It might not be broken or malfunetioning at all. This would he indicated by
RSShaverages thay wers low compared 1o the othier signal paths, but BASh-maximasns

that were on 8 par with those other signal paths.

Inoan iHustration of one ewboediment o the met s fyvention, Figl 3

shows s method 308 for independently monktoring the operational condition of antannas

annd thels connsctions {n serays of apisonas, whersln » receiver prodies a weeived

signal strength indication (RE31) of » single remote travsmittey fy sach of & plurality of

regeivers rsspectively conneoted to sachy of @ phuvality of anteonas in ao anlenng sray.

g
st
ny
ot
4]
o
gl

sthod 380 comprises 1 sampling step 382 whers s RSST vadve ix sanpled, the

RS81 value respestively sssoviated with vaeh of the plorglity of antennas in the antenon
arvay. A siep 304 decides if there I8 an sctive remote transmiiter operating within range.
Acvording to the extablished protoveds fiv the PHS systerm, the remote subsesitber wits

that wre asaigned tine-sints by tha hase station reponi-in during expected periods that can

tued whether auy of 8 pluraiity

/,.2.,
,w
r«
L
f Pz

be amasured for signal strength. s step 306, 1 s

of autennas in thy array an sesing & mininwan value sigoal strength, so, 2 stap MR

&Y

cotlents “M” mumber of paradiel sanydes of the RIS values, one from each roosiver,

3%

Cwhete Ms the nwmbey of antennas. A stop 318 checka to sse if 8 contaln number ¥
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for sxample 21¥ sach samples have besn collected. & step 31 periodionlly averages the
k3

RBST valuss sovemlated whenever N samples (N=215} have been aconuatlated. A step

314 adds these toa og-dsnm ascconmilaton A soene polnd detenpined by the prrameters

Toaded foute Ingu 258 (Fig. 2), there will b sufficiont dats vollected in the long ferm
secommialon o make some decision of the operating health of the antennss. A stop 346
aska i such sufficiont dats hee bees acoumuiated, I not, more data i accvmulated. I ag,
#step 318 asks the guestion is aay antenne ot functioning. Again, the panumeters

needed to decide this can come from the pavameters Ioaded e nput 388 (Fig, 3k Han
andenna s broken, not functioning, or otherwise faulty, a message (o that sffect san be
synunoiated. Ciheradise and message stating e antoanag ave UK om be lsued, In
addition, other statistical snalysey can be tved B det of the siting is efficient,
avtenng dus to inefficient siting can be detormined, fir example, by tracking long term
data {looking ot the history). ¥ the antonna is Holty becauss of some broken component,
then &t some thae In the past, 3t was nat 3o, while I the siting is faudty, than the sntanna

would appoar "Bty over the whols history of is siting.

The decision a5 o whether any antenng i fanlty w brokes is mude in genersd by
compare the averaged resulia of all astonnes. With sufficlent spatial samiphing, the wemt
signad fovels frow all antennas should be about the same, So the method & to compure
the Tong s average values. & broken anfenn is g mr“mi if any of the antemmas have

TA lovels that see more that 8 certain number of dB (X 4B} below that of the maximum
LTA valoe for any antensa. Cilier hewristics that determine s the signals received by
any e antenne are out of exprotad rangs coepared o othey anternas alse are possible,
as wonld be oloar to ong of oxdinary skill fn the ant, 1o the preferred embodirpent, & value

uss wouid be used for

4;..,.

of 1048 for X was usad fiw lndicating s broken antenns, Uther va

fHoating siting problems

Note that sithourh the relotive signal stesngths {as indieated by comparing LTA
& 2 8 &

W

z 2 i~

R8T values) ave ussd for faulty antera detsrmination, the actual sigaal levels for any
grienns slement, as indicated by the LTS RSS! value, can he very uselud in dotermining

siting efficisncy of the whade basy station snd S network sanlysis.

o
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nulated) seguired for faulty antenna

environment iy which the system will be

s

deployad, Far g :‘an:;g%’is, i 8 fived logation collular ‘“vs\\::zgn 2. 2 wircless local loop

(WL systom, ¢ lot mons statistics pead 1o be scoomulated thay v a muiile

snvivonment, In o mobily snvironmeny, fading provides some averaging (o equalize the
powar 8t the antennss, and such fading dosa not ooy i e stationary epvironment, The
nummbers vsed hersin asswme & mobile eavironnent, and wodifying this fora fixed {28,

WLL) environment would be steat iehtforaard (o one of ordinary skill inthe ar

N

-~

w dominant esers, only & s murbers of

v

Alsrnatively, W arder to avold biasing |

-

sanples from any one user 18 seaunslated,

3 3 %

Praforsbly the sampling of the eostver signal strongth desoribed is such that me
samphing coours until 2 remote trnemitier B operating within range of the antenna

swray. Othsrwise, 8 measwroment of the backgroamd notse ondy would lead to spurioss

resulis, In the proferred smbodiment, ouly samples from semols users that are setually

o
)

comnscted 1o the base station arg sampled. Tht s, sanplas frow other users not
sonneciad 10 the base station we not teken. In an sltornate cobodinent, sl samples,

inchuding those from ssers that we conngetad to vthior base stations are sunples. Also in

the preferred cwmbodiment, caly signads that have aoinimum RSSDvalue sre sampled,
the mintmum pro-determined fo provide for & healthy vargin over polss. Alse, Becmse

the heuriatic prefersbly wed for broken mvtem determination 1w to ook for an atenns
that bas an averags REST that i at loast X aR, it s desivable to ouly log RSST valves that

ars ot least X AR ahove the nodss Hoon

Referring again to Fig. 2, some recsivers, nchuling those i the prefered
enbodiment, nse atomaic gain control {AGC). The AGU values in such @ cuee e

used in REST caloudators 2AB-321, which require such scaling information,

o the recedvers ihatrated bere in s deseription, R s peoferrad that the
sampling of REST values ovopes fiw a sot of samples newr 2 muddle pm of 8 tapst of dats

foer any tmesslot, Beoauss romote apsmitiers operating within range Bave 4 power up

X

1%

sawmp and poasibly a rnpdown at the stan and end of data bursts, sampling near the

N

penter of a burst will avold fales readings in the burst rwvap-up and nuwp-down penads,
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N

o

Ro in preforred exbodiments, » samply deteety when a mididle part of 8 sigaad bm%*
froam @ yoonived signal oveurs, and ostputs a o s*\:{*g;mmiizszg recstvedhaignabdevel

msasures unafforted by a ranysog up or & tunping down of the sigoal burst. The

wrragling step 312 can be such that abowt 213 RSBT values are coflerted and then
8 veraged by having added esch RSB value ss o binary value 1o 2 ronnlng otal amt then
sm“tm‘ bit prsitions 1o effestoste 1 division of the ruaning total, The sampling can be
such that the magminde of cach REST valoe olained s convariad toalog-sesle.

hed o terms of REET values,

fyi

v oiveasurey. Thug

(0 the ey signsd gquality meas ength or signal guality messors,

mchuding REST and fog-RSSL See for example, sbove referenced aud tanorpon

hersin by reference 1LS. Patent application 9020849 1o Yan for one alienats s

gualily generstor, Using a msasups that already & avatlable, such as RESTwhich

N

comanonty dresdy is deterined i reveivers, snabled the ountitoring o ocour with very

computiiongl overhead,

%
e
pros
il
Fea

Aldso, although the prosent {nvemion has been deseribed i toons of an avers
nal quality measueey, other statistios may be uaed. For example, the maxinnun ssver
the pmﬁiud of time wy be used, with any sntenna whose maxisom vahie is selatively

fow indicating faglt

0 Therefore, although the present invention has besy dusnribed in torws of the

3

presently preforred ambodiments, 8 s 1 be understood that the disclosure is not s be

interprated oy Himiting, The proseat lnvention i meeful in all conmpunization Systems
which more than tie antenna s need By w single reveiver s transeaiver, e.g., for spatial

diversity. Varions aitsrations and rvodifiostions will s doubt becowe apparsnt o those

s
“h

of ordinary skall in the st afier having read the sbove disclosnwe, Accordingly, b is

pad

intended that the appended clatms be hiterpreted as covering &1 alterations and

tons s fall within the true spirtt and scope of the invention.
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What is claimed s

I, A method for me cnitoring the eperstional condition of cach of & pluvality of satennas

rosy

inan antsons array inchading the conpection of sach antepma, whermin g recgiver o

&
at

phurality of reoeivery is reaprotively couploed to sach of the antennas m a}:f: pinrality

in the antenna arrgy, cach recelvay producing s owipyt, the

S
ok
£y
:_1
,w
Z?
e
,.,.

o
P4
‘}
(3
3
w«

;}w

v

{2} for eachof

’)’.‘

sadd plurality of antonnas bnothe aray, samphing signabdovel measuee

¥ N B

mdicative ai the signsd loved that is reapaotively aesociated with the antenpig

(b for pach of the plurality of antennss, collecting a numbsr of sasnples of the

S _wiee ,\

al-level measy EERN

o} for mach of the phurality of sntennas, periodically detenmining an indicatr of 8

Fovnd

statistic of the received-signal-level measure obtained in the step of collecting, 2

high statintic indicating a bigh signad Jevel; and

£ \

() interpreting @ relstively low stadistie mdivator of regerved-signal-devsd measure
associated with specific antonns s indicating that the speciffc antonna in said

vay is faudte

,-,1

FER—
Lo 1

o method pg described in oladm 1 wherein the statiste s the average:

%, The muthod oy described (o olnim 2 whereie

the step of sanygding s such it no sampling occurs until 8 rennte tansuyer

sperates within regeiving range of sabd wionng sveay.
4. The method as deseribed 1 claim 2 wherein

thie atep of sangding i sueh that v sampding ocoors wtil the reeetead sigoal

fevel preasnre iv above 3 pradetermined threshold kevel for olf recgivers o the plurality.
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the step of sampding i such that steh sampling ocows near 3 middie patat a

tirne-~siot hurgd

&, The mothod as deseribed in clain 2 wherelin

tha stap of collenting fs such that a fived nuwmber of sample values ave osllected

i3

fivst andd then avoeraged,

7. The method as describead dn olaim 2 wherenn
the step of collerting Is such that 3 fixed nuader of sample vabues are ondleoted
first and then ayveraged to form a short tonm average associated with sach antenng

clement, sud tion the shoet tenn averages are ascunudaied fo form a long torm average

sasociated with sach anlonns slement.

2. The method s desortbed in olaim 7 whersing

the realved-signai-deve] messare s ¥ recsived signal strength tslication (RE5E

vahiue, and

WY

the step of collecting by sl that ’bewt T RSS

ped

collerted ansd than

sveraged 1o form the shorierm average for the sssoviated antenng, wiere L has an
integer vadue,
4. The method as described fn olatim & whereng

the stap o f‘ silzoting is such that ahout 24 REST values are collected and then

P

557

vevaged by having added sack REST value a8 & number vabae to 2 runaing tolal and then

tag by LB positions to effeciuate & division of said ronning toal by 2owhere L

18 a0 intensr value,

i

the step of sampling is such that the wecived-signab-lovel measure 8 3 yeeeived

signal strength indication (REED) valug cnrrvertad to g log-seale.

b
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EQE N

13,

Ant antenna monitor for detecting €

anionna array, and sot of recaivass \:\3& respretively soupled {o sud reeetving &
stgnad fronn one of the antenna clements, the monitior conygw

‘“‘,ﬂzi from each of

\'.*«

{a} mosus for wroduciog s rmesiveshbeignal-lovel measur forthe s

ths antomna elemenis;

3

{b} o sanpler couplad to the revebved-signal-devel measure means, fur G sampling

of tee recuivedssignal-evel mpasurs asnociated wsmuuh of said *\iumha o

t

antenna cloments;

Fer oot 200U 2 avs St < Cine vy S by er Fiver
{£} & pharality of ocwnulatory with each sceumadator providing for collecting the

2o

goppesporiiing reonived-signad-lovel measurss over & predetarmined manber of

() & set of gearsgers rexpeatively commentad o each of the plarality of accenuiators
amsd providing for s seb of avesage recatved-signad-lovel measures obtained for

&

ach of saxd ;‘iumr v of spatially diverse antenns elementy; amd

{x} an werpratsr voupl pled to the sat of ax veragers and that provides for s indivation

of & particalar one of said plurality of spatially diverse antenna slements that &

ES v

The antenna mowitor as described in elabm 11, wheredn sach of the sot of averagems

s shott term averager connested o the corresporating acoumulater and providing
ge of the recetved-signal-lovs] messures eitatned for the

3

a eloment, @ long-term acounuator coupled to the short {gom averager

for perindic aiiv reosiving snd sonwnelating the short oo averages, the ug-enn

E) 3

acewnniation over a statstically fong peried of tine,

13, The soienna reonitor as desoribed o oladm 11, wheasine
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

Automatic Detection of Erroneous Connections Between Antenna Portsand

Radio Frequency Paths

First Named Inventor/Applicant Name:

Qingyu Miao

Filer:

David D. Kalish/Cora Fedornock

Attorney Docket Number:

4015-7892 / P28266-US1

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
National Stage Fee 1631 1 380 380
Natl Stage Search Fee - Report provided 1642 1 490 490
National Stage Exam - all other cases 1633 1 250 250

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount SU{JJ-STS::; in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1120
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Electronic Acknowledgement Receipt

EFSID: 11432576
Application Number: 13321076
International Application Number: PCT/SE09/50583
Confirmation Number: 2274

Title of Invention:

Automatic Detection of Erroneous Connections Between Antenna Portsand
Radio Frequency Paths

First Named Inventor/Applicant Name:

Qingyu Miao

Customer Number:

24112

Filer:

David D. Kalish/Cora Fedornock

Filer Authorized By:

David D. Kalish

Attorney Docket Number:

4015-7892 / P28266-US1

Receipt Date: 17-NOV-2011
Filing Date:
Time Stamp: 16:13:25

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type

Electronic Funds Transfer

Payment was successfully received in RAM

$1120

RAM confirmation Number

2998

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Size(Bytes)/ | prMaHim Exriages1s

File Name Message Digest | Pantéaip|v.(Hropahin

IPR2025-01453, Page 269 of 365



167481

1 Transmittal of New Application 40157892TRANSMITTAL.pdf no 3
6df8cf269523¢7b6ce95de2ffle7aceda8ecal
cd0
Warnings:
Information:
240164
2 Application Data Sheet 40157892APPDATA.pdf no 4
3da3e124f40fa6e030f83ee62d5f7b694413
Warnings:
Information:
This is notan USPTO supplied ADS fillable form
5684088
3 40157892APPLICATION.pdf yes 40
bb02be54b4b6a67f0e9ed43fbf0c77426ecq
5882
Multipart Description/PDF files in .zip description
Document Description Start End
Abstract 1 1
Specification 2 20
Claims 21 24
Drawings-only black and white line drawings 25 36
Documents submitted with 371 Applications 37 40
Warnings:
Information:
102703
4 Oath or Declaration filed 40157892DECLARATION.pdf no 2
71e71859258bb16471202d93b0097 4357
90da79
Warnings:
Information:
212809
5 Preliminary Amendment 40157892PRELIMAMEND.pdf no 8
167¢988502724c4538f41e819d6258d3f03
4046
Warnings:
Information:
Inf tion Discl Stat t (IDS) 149478
nformation Disclosure Statemen
6 Form (SBOS) 40157892IDS.pdf no 3
34b4ada351058aac9f98b2cdfbh22753f94c4]
fadd
Warnings:
Information:

Procomm Exhibit 201

Ericsson v. Procomm

IPR2025-01453, Page 270 of 365



This is notan USPTO supplied IDS fillable form

594883
7 Foreign Reference 40157892CNreference.pdf no 11

Sefe7b1f4e75d16e1d53f248d01fce02e84
68e2

Warnings:

Information:

3871234
8 Foreign Reference W00040050.pdf no 24

6e691d59f219c5082bebbb4e73a834f7f96¢]
3061

Warnings:

Information:

33433
9 Fee Worksheet (SB06) fee-info.pdf no 2

fadc3abd55fb74c4328a056a8a843279b6c
5d0e

Warnings:

Information:

Total Files Size (in bytes); 11056273

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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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.
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PTO-1390 (09-11}

Approved for use through 4/30/2013. OMB 0651-0021

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond te a collection of informalion unless it displays a valid OMB controk number.

TRANSMITTAL LETTER TO THE UNITED STATES | /1 /ORNEVS BOCKET NUNBER
4 - 2 [ P28266-US1
DESIGNATED/ELECTED OFFICE (DO/EO/US) UOQSA;EL’IC i .Tfl’oz fo ;‘ks N
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 | ° O known, 569 5

INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED
PCT/SE2009/050583 2009-05-20 2009-05-20

TITLE OF INVENTION
Automatic Detection of Erronecus Connections Between Antenna Ports and Radio Frequency Paths

APPLICANT(S) FOR DO/EQ/US
MIAOC, Qingyu; COLDREY, Mikael; GUO, Zhiheng

Applicant herewith submits to the United States Designated/Elected Office (DO/EQ/US) the following items and other information:

1. This is a FIRST submission of items concerning a submission under 35 U.S.C. 371.
2. D This is a SECOND or SUBSEQUENT submission of items concerning a submission under 35 U.S.C. 371.

3. This is an express request to begin national examination procedures (35 U.S.C. 371{f)). The submission must include items
{8}, (6), {9) and {21) indicated below.

4. The US has been elected {Asticle 31).
5. |z! A copy of the International Application as filed {35 U.S.C. 371(c}(2))
a. is attached hereto (required only if not communicated by the International Bureau).
b. D has been communicated by the International Bureau.
C. |:| is not required, as the application was filed in the United States Receiving Office (RO/US).
6. An English language translation of the International Application as filed {35 U.S.C. 371(c}{(2)).
a. is attached hereto. ‘
b. I:I has been previously submitted under 35 U.S.C. 154{d}(4).
7. D Amendments to the claims of the International Application under PCT Article 18 (35 U.S.C. 371(c){3))
a. D are attached hereto (required only if not communicated by the International Bureau).
b. D have been communicated by the International Bureau.
C. B have not been made; however, the time limit for making such amendments has NOT expired.
d. D have not been made and will not be made.
An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371{c)(3)).
An oath or declaration of the inventor(s) (35 U.S.C. 371{c}){4)}.

10.

ERNEE

An English language translation of the annexes of the International Preliminary Examination Report under PCT
Article 36 (35 U.S.C. 371(c)(5)).
Items 11 to 20 below concern document(s} or information included:

11. An Information Disclosure Statement under 37 CFR 1.97 and 1.98.
12. An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.
13. A preliminary amendment.
14. An Application Data Sheet under 37 CFR 1.76.
15. A substitute specification.
16. A power of attorney and/or change of address letter.
17. A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.3 and 37 CFR 1.821- 1.825.

i8. A second copy of the published International Application under 35 U.S.C. 154(d){4}.

DOO0O0OKNKNEE

19. A second copy of the English language translation of ihe international application under 35 U.S.C. 154(d)(4).

This collection of information is required by 37 CFR 1.414 and 1.491-1 .492. The information is required to obtain er retain a b enefit by the public, w hich is to fite {and by the

USPTO to pro cess) an application . Confidentiality is governed by 35U.S.C. 122 and 37 CFR 1.11 and 1.14. This colleclion is estimated to take 15 minutes to complete,

including gathering information, preparing, and submitting the completed form to the USPTO. Time will vary depending upen the individual case. Any comments on the amount

of time you require to complete this form and/for suggestiens for regucing this burden, should be sent to the Chief informatien Officer, U.S. Patent and Trademark Office, U.8.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEE S OR COMPLE TED FORMS TO THIS ADDRESS. SENI?DTO: Mail Stop. PCT..

Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223131450, page 1 of 3 rocomm Exhibit 2015
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IPR2025-01453, Page 272 of 365




PTC-1380 (09-11)

Approved for use through 4/30/2013. OMB 0651-0021

U.S. Palent and Trademark Office; U.S. DEPARTMENT OF GOMMERCE

Under the Paperwork Reduction Act of 1385, no persons are required to respond te a colffection of information unless it displays a valid OMB controk number.

U.5. APPLICATION NO. (i known, see 37 GFR 1.5) INTERNATIONAL APPLICATION NO. ATTORNEY'S DCCKET NUMBER
PCT/SE2009/050583 4(15-7892 / P28266-US1
20. Other items or information:
The following fees have been submitted CALCULATIONS PTO USE ONLY
21. [7] Basic national fee (37 CFR 1.492{8)).......ccoovivviiivioe oo e $380 $ 380
22 Examination fee (37 CFR 1.492(c)}
If the written opinion prepared by ISA/US or the international preliminary examination report prepared $250
by IPEA/US indicates all claims satisfy provisions of PCT Article 33(1}-(4)............. $0
Al OtEr SIUBEONS. ...oee et et e et e e e e ..$250
23. [yl Searchfee {37 CFR 1.492(b))
If the written opinion of the 1ISA/US or the International preliminary examination report prepared by
IPEA/US indicates all claims satisfy provisions of PCT Article 33(1)-(4)................. $0 490
Search fee (37 CFR 1.445({a)(2)) has been paid on the international application to the USPTO as an $
International Searching AUthOTIY ... ... $120
International Search Report prepared by an ISA other than the US and provided to the Office or
previously communicated tothe US by the IB..........ooo e $490
Alb other SIUBHONS. .. ... ..o e e e $620
TOTAL OF 21,22 and 23 = 1120
O Addiional Tee for spechication and drawings f1ed in paper over 100 sheets (excluding sequence
listing in compliance with 37 CFR 1.821(c) or {e) in an electronic medium or computer
program listing in an electronic medium) (37 CFR 1.492(j}}.
The fee is $310 for each additional 50 sheets of paper or fraction thereof,
Tofal Sheets Extra Sheets Number of each additional 50 or fraction RATE
thereof (round up fo a whole number)
112
-100 = 50 = x $310 31120

Surcharge of $130.00 for furnishing any of the search fee, examination fee, or the oath or declaration $
after the date of commencement of the national stage (37 CFR 1.492(h)}.

CLAIMS NUMBER FILED NUMBER EXTRA RATE 3

Total claims -20= x$ 80 ]
Independant claims -3= x $250 $
MULTIPLE DEPENDENT CLAIM{S) (if applicable) +  §450 $
TOTAL OF ABOVE CALCULATIONS = | $

[[] Applicant claims small entity status. See 37 CFR 1.27. Fees above are reduced by Y.

susToTAL= | $ 1120

Processing fee of $130.00 for furnishing the English translation ater than 30 months from the earliest $
claimed priority date {37 CFR 1.492(i)). +

TOTAL NATIONAL FEE = | $1120

Fee for recording the enclosed assignment (37 CFR 1.21({h)}. The assignment must be accompanied $

by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property +
TOTAL FEES ENCLOSED = | $1120
Amount to be $
refunded:
Amount to he $
charged
Page 2 of 3
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PTO-1390 (09-11)
Approved for use through 4/30/2013. OMB 0651-0021
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 infermation unless it displays a valid OMB centrof number,

A check in the amount of $ to cover the above fees is enclosed.

00

Please charge my Deposit Account No. in the amount of $ to cover the above fees.

The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any averpayment to Deposit
Account No, 18-1167 |

Fees are to be charged to a credit card. 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 PTO-2038. The PT0-2038 should only be mailed or faxed

to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOT be faxed to the USPTO.

a )
0 K

ADVISORY: If filing by EFS-Web, do NOT atiach the PTO-2038 form as a PDF along with your EFS-Web submission. Please he
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect your
information, it is recommended paying fees online by using the efectronic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be filed
and granted to restore the International Application to pending status.

SEND ALL CORRESPONDENCE TO:
Customer Number: 24112 SIGNATURE
David D. Kalish
NAME
42706
REGISTRATION NUMBER

Page 3 of 3
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PTOISB4 (11-08)
Approved for use through 09/30/2010, OMB 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 OMB control number,

.. Attorney Docket Number | 4015-7892 / P28266-US1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Automatic Detection of Erroneous Connections Between Antenna Ports and Radio Frequency Paths

The application data sheet is part of the provisional or honprovisional 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

[} 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.)

Applicant Information:

Applicant 1

Azz,ican: Authority @Inventor | OLegal Representative under 35 U.S.C. 117 [(OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Qingyu Miao '

Residence Information (Select One) () US Residency (@ Non US Residency (O Active US Military Service

City |Beijing Country Of Residencei [ CN

Citizenship under 37 CFR 1.41(bi CN
Mailing Address of Applicant:

Address 1 Room 2-302, Building 611, Bei Yuan Jia Yuan

Address 2 Moli Yuan, Chao yang District

City | Beijing ] State/Province

Postal Code l 100012 | Countr'y l CN

Applicant 2

Applicant Authority (®)inventor | (OlLegal Representative under 35 U.S.C. 117 !OParty of Interest under 35 U.5.C. 118

Prefix; Given Name Middle Name Family Name Suffix
Mikael Coldrey

Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service

City [Landvetter Country Of Residencei I SE

Citizenship under 37 CFR 1.41(b} | SE
Mailing Address of Applicant:

Address 1 Prastgardsvigen 6

Address 2

City | Landvetter | State/Province

Postal Code | SE-43836 | Countrl | SE

Applicant 3

Applicant Authority ®!nventor | {Olegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Zhiheng Guo

Residence Information {Select One) () US Residency (&) Non US Residency () Active US Military Service

City |Beijing | Country Of Residencei | CN

Procomm Exhibit 2015
EFS Web 2.2.2 Ericsson v. Procomm
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PTO/SBI14 (11-08)

Approved for use through 08/30/2010., OMB 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 colfection of information unless it contains a valid OMB control number.

Attorney Docket Number | 4015-7892 / P28266-US1
Application Number

Application Data Sheet 37 CFR 1.76

Title of invention | Automatic Detection of Ermoneous Connections Between Antenna Ports and Radio Frequency Paths

Citizenship under 37 CFR 1.41(hi | CN
Mailing Address of Applicant:

Address 1 3-303, Nanhuzhongyuang

Address 2 Chao yang district

City Beijing | state/Province
Postal Code | 100102 I Countrﬂr l CN

All Inventors Must Be Listed - Additional inventor Information blocks may be

generated within this form by selecting the Add button. o

Correspondence Information:

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 24112

Email Address dkalish@coatsandbennett.com | - Add Email - | [Remiove Email

Application Information:

Title of the Invention Automatic Detection of Erroneous Connections Befween Antenna Ports and Radio Frequency Paths
Attorney Docket Number| 4015-7892 f P28266-US1 Small Entity Status Claimed [ ]

Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any) Sub Class (if any)

Suggested Technology Center {if any)
Total Number of Drawing Sheets {if any) 12 Suggested Figure for Publication (if any)
Publication Information:

[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | 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 mulitilateral 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).

Enter either Customer Number or complete the Representative MName section below. |[If both sections
are completed the Customer Number will be used for the Representative Information during processing.

Please Select One: ! {® Customer Number l (O US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)
Procomm Exhibit 2015
EFS Web 2.2.2 Ericsson v. Procomm

IPR2025-01453, Page 276 of 365



PTO/SB4 (11-08)

Approved for use through 08/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1885, no persons are required to respond to a collection of information unless it cantains a valid OMB control number.

Attorney Docket Number | 4015-7892/ P28266-US1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Automatic Detection of Erroneous Connections Between Antenna Ports and Radio Frequency Paths

Customer Number ! 24112

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 118(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCT application. Providing this 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(a)(2) or CFR 1.78(a){4), and need not otherwise be made part of the specification.

Prior Application Status | Pending ‘Remiove:
Application Number Continuity Type Prior Application Number | Filing Date (YYYY-MM-DD)
a 371 of international PCT/SE2009/050583 2008-05-20

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for pricrity as required by 35 U.S.C. 118(b)
and 37 CFR 1.55(a).

| Remove |
Application Number Country' Parent Filing Date (YYYY-MM-DD) Priority Claimed
® Yes (O No

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assignee 1
If the Assignee is an Organization check here. X

Organization Name Telefonaktiebolaget L M Ericsson {publ)

Mailing Address Information:

Address 1

Address 2

City Stockholm State/Province
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Sheet No. .. L

fox No, VIH (iv)  DECLARATION: INVENTORSHIP (only for the purposes of the designation of the United States of America}
The declaration niust confornt to the following standardizedwarding provided for in Section 214 see Notes 1o Boxes Nos. VI, VHIi(ijio 1)
(it generaly aud the specific Notes ta Hox No.VHI tive. If this Box is not used, this sheet should not be included in the request.

Declaration of inventorship (Rules L 17(iv) sl Sibis. 1{a)iv))
for the purposes of the tiesignation of the United States of America:

| hereby declare That ] believe 1 am the original. first and sole (i ensly one inventor is Hsted below) or joint (i more than ong inventor

s Bisted below) inventor of the subject maner which is claimed znd for which a patent is sought.

This declaration is directed 1o the internutionat application of which il forms 1 part (il filing declaration

This declaration is directed to international application No. PCT/ SE2009(050883 .......... {if fuenishing declaration pursuant

10 Rule 26ier).

{ ereby declare that my residence. mailing sddress. und citizenship are as stated next (o my Bame.

} hereby stae that | have reviewed and understand the contents of the above-identilied imernational application, including the claims
ofsaid application. | have identilied i the request of said application, in complimee with PCT Rute .10, any claim 10 forcign priority,
and | have identified below, under the heading “Privr Apphcations,” by application number, country or Member of the World Trade
Orpanization. diy, month and year of filing. any application for apatent or inventor's certificate fiked in a coumry other than the Usnited
Seates of America, including any PCTn ternational application designating at least one country other than the United States of America,

having a filing date before that of the application on which foreign peiority is claimed.

Prior Applicalions: .. ... oovver e RN e PPN

1 hereby acknowledge the duty to disclose information that is known by mec 1o be material to patentability as defined by
37 C.F.R. § 1,36, inchuding for continuation-in-part applications, material {nformation which breame available between the filing date

of the privr application and te PCT international fiing date of ihe continuation-in-purt application.

§ hereby declare that all stalements made herein of my own knowledge are true and that all statements made on informition and belief
are believed to be true; and further that these stalemeats were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonmant, o voth, under Seetion 1001 of Titde 18 of the United States Code and that such willful

false statements may jeapardize the validity of the application or any palent issucd thercon.

Maiting Address: . ROOM 2-302 building 611, Bei Yuan Jia Yuan, MoliYuan ...

Chao yang district
CBERING 100012 . ...l s Ve

-
faventor's Signature: ... /\1{7\/“49 &-’ ..... N Date:. ... ... M" v S

¢ The signature must be that of the inventor, not thal of the agent)

ame: COLDREY, Mikael

Residence: Landvetier, Sweden
(eity and cither US state, il applicable, or country}
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AMENDMENTS TO THE CLAIMS

1.-20 (Canceled).

21. (New) A method in a radio network that includes a device, the method
comprising:
measuring, via the device, a parameter associated with at least two antenna
ports of the device;
comparing, via the device, the measured parameter with an expected parameter
associated with the at least two antenna ports to determine an error;
comparing, via the device, the determined error fo a threshold; and
determining, via the device:
an erroneous antenna port connection for the at least two antenna ports
when the error exceeds the threshold, and
a correct antenna port connection for the at least two antenna ports when

the error is less than or equal to the threshold.

22. (New) The method of claim 21, where measuring, via the device, the parameter
comprises:

determining a parameter associated with af least two antenna elements of the
device, where the at least two antenna elements are associated with the at least two

antenna ports; and

measuring, based on the determined parameter associated with the at least two

antenna elements, the measured parameter.

23. {New) The method of claim 22, where the determined parameter associated with

the at least two antenna elements comprises one or more of an amplitude or a phase.
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24. (New) The method of claim 21, where the measured parameter associated with the

at least two antenna ports comprises one or more of an amplitude or a phase.

25. (New) The method of claim 21, where the measured parameter associated with
the at least two antenna ports comprises a difference between a signal transmitted via
one of the at least two antenna ports and a signal received via another one of the at

least two antenna ports.

26. (New) The method of claim 21, where comparing, via the device, the measured
parameter (Syeasuren) With the expected parameter (Sexpecren) comprises determining a
squared error (¢?) between the measured parameter (Syeasureo) and the expected
parameter (Sexpecren) according to:

g’ = || Smeasurep - SexpecTeD Hz

27. (New) The method of claim 26, where comparing, via the device, the determined
error (g) to the threshold (SrirestoLo) comprises comparing the squared error (%) to the
threshold (Otxresholp) to determine whether:

€% > Brurestorp > 0, or

2
€ < O1HRESHOLD-

28. {New) The method of claim 21, further comprising:
receiving antenna port permutations for a plurality of antenna ports of the device;
receiving expected information associated with the plurality of antenna ports;
caleulating expected values for different antenna port permutations based on the

received information;
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acquiring measured values associated with the different antenna port
permutations;

comparing the expected values for the different antenna port permutations with
the measured values for the different antenna port permutations to determine errors for
the different antenna port permutations; and

determining an optimal antenna port permutation to be one of the different

antenna port permutations with the smallest determined error.

29. (New) The method of claim 21, where the device comprises a base station.

30. (New) The method of claim 21, where the device comprises a remote radio unit

associated with a base station.

31. (New) A device in a radio network, the device comprising:
at least two antenna ports;
a memory to store a plurality of instructions, and
a processing unit to execute instructions in the memory to:
measure a parameter associated with the at least two antenna ports,
compare the measured parameter with an expected parameter
associated with the at least two antenna ports to determine an error,
compare the determined error to a threshold, and
determine:
an erroneous antenna port connection for the at least two antenna
ports when the error exceeds the threshold, and
a correct antenna port connection for the at least two antenna

ports when the error is less than or equal to the threshold.
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32. (New) The device of claim 31, where the device further comprises:

at least two antenna elements associated with the at least two antenna ports,
and

where the processing unit is further configured to execute instructions in the
memory to:

determine a parameter associated with the at least two antenna elements, and

measure, based on the determined parameter associated with the at least two

antenna elements, the measured parameter.

33. (New) The device of claim 32, where the determined parameter associated with

the at least two antenna elements comprises one or more of an amplitude or a phase.

34, (New) The device of claim 31, where the measured parameter associated with

the at least two antenna ports comprises one or more of an amplitude or a phase.

35. (New) The device of claim 31, where the measured parameter associated with
the at least two antenna ports comprises a difference between a signal transmitted via
one of the at least two antenna ports and a signal received via another one of the at

least two antenna ports.

36. (New) The device of claim 31, where, when comparing the measured parameter
with the expected parameter, the processing unit is further configured to execute
instructions in the memory to:

determine a squared error (€?) between the measured parameter (Syeasuren) and

the expected parameter (Sgxpecren) according to:
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€% = || Smeasuren - Sexeecren |-

37. {New) The device of claim 36, where, when comparing the determined error to
the threshold (SthresHoLn), the processing unit is further configured to execute
instructions in the memory to:
compare the squared error (€2) to the threshold (Srrresnowo) to determine
whether:
g* > SrprestoLp > 0, or

2
£° £ OyHRESHOLD:

38. (New) The device of claim 31, where the processing unit is further configured to
execute instructions in the memory to:

receive antenna port permutations for a plurality of antenna ports of the device,

receive expected information associated with the plurality of antenna ports,

calculate expected values for different antenna port permutations based on the
received information,

acquire measured values associated with the different antenna port
permutations,

compare the expected values for the different antenna port permutations with the
measured values for the different antenna port permutations to determine errors for the
different antenna port permutations, and

determine an optimal antenna port permutation to be one of the different antenna

port permutations with the smallest determined error.

39. (New) The device of claim 31, where the device comprises a base station.
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40. (New) The device of claim 31, where the device comprises a remote radio unit

associated with a base station.
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REMARKS

Applicant submits the foregoing amendments prior to examination on the merits
for consideration by the Office. The claim amendments cancel claims 1-20, and add new
claims 21-40. New claims 21-40 are substantially similar to now canceled claims 1-20.

The claims are not amended for reasons of patentability. Instead, the claims are
amended to eliminate multiple dependent claims, and to ensure that the language of the
claims comports with U.S. practice. No new matter has been added by any change.

Applicant respectfully requests that the Office enter the amendments prior to

examination on the merits.

Respectfully submitted,

COATS & BENNETT P.L.L..C.
Date: November 17, 2011 David D. Kalish
Registration No. 42,706

Telephone: (919) 854-1844
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AUTOMATIC DETECTION OF ERRONEOUS CONNECTIONS
BETWEEN ANTENNA PORTS AND RADIO FREQUENCY PATHS

TECHNICAL FIELD

Embodiments described herein relate generally to wireless communication systems, and

more particularly, to automatic detection of erroneous connections between antenna ports and

radio frequency (RF) paths.
BACKGROUND

Smart antennas (also known as adaptive array antennas, a multi-antenna system, multiple

antennas, and multiple input, multiple output (MIMO) antennas) may be used with wireless
communication devices, such as base stations (also referred to as “Node Bs™). Smart antennas
are antenna arrays with smart signal processing algorithms that are used to identify spatial signal
information (e.g., a direction of arrival (DOA) of the signal) and to calculate beamforming
vectors. The beamforming vectors are used to track and locate an antenna beam associated with
a target user equipment (e.g., a mobile telephone).

Smart antennas have two main functions—DOA estimation and beamforming. During
generation of a beam, each smart antenna uses weights for beamforming. Different antennas
may have different weights and may transmit different data. Current time division-synchronous
code division multiple access (TD-SCDMA) based devices (e.g., base stations) may include four
to eight antennas. Each antenna is connected, via a cable, to the base station (e.g., a radio base
station (RBS) or a remote radio unit (RRU)). In such an arrangement, if a cable is connected to
an incorrect antenna, an incorrect beam is generated and performance is decreased. However,
manually checking incorrect or erroneous connections is time consuming and tedious.

One proposed solution to this problem is to automatically detect an incorrect connection
between an antenna port and a RF path. In the proposed solution, an uplink-received signal is
collected and a channel is detected. The channel can be detected with the uplink-received
signal. The uplink-received signal is used to detect a maximum energy by traveling in all
possible orders of an antenna array vector and in all possible spatial directions. Specifically, the
uplink-received signal is used to calculate a correlation matrix, and all possible arrangements of
an antenna weighting factor sequence are traversed to obtain a weighting factor matrix. After
searching through all directions of space, a maximum value of different weighting factor
arrangements is determined, and an arrangement corresponding to the maximum received power
is chosen to be a current connection order. However, the proposed solution requires an uplink
signal, which means that the proposed solution can only be used with an operational wireless
communication network or with extra equipment that generates the uplink signal.
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SUMMARY

It is an object of the invention to overcome at least some of the above disadvantages and
to automatically detect a connection error with a base station (or a RRU) without the need for an
operational wireless communication network or extra equipment that generates an uplink signal.

Embodiments described herein may automatically detect a connection crror in a smart
antenna (e.g., of a basc station or a RRU) by measuring an amplitude and/or a phase between
antenna ports of the smart antenna. In one embodiment, for example, in order to transmit and
receive signals accurately, every antenna element, RF cable, and transceiver making up the
smart antenna may need to operate identically. This means that every transmitting and receiving
link may need to have the same amplitude and phase response. The base station may
automatically implement a smart antenna calibration procedure that includes compensating the
amplitude and phase of each transmitting and receiving link.

During antenna calibration, the base station (or the RRU) may measure amplitude and
phase of an impulse response of a circuit between an antenna port and a calibration port. The
base station (or the RRU) may also measure the amplitude and phase between any two antenna
ports. A smart antenna vendor may provide a table that includes amplitude and phase
information between any two antenna ports of the smart antenna. The base station (or the RRU)
may compare the values provided in the antenna vendor’s table with the measured amplitude
and phase between two antenna ports. If there is a large difference between the table values and
the measured values, the base station (or the RRU) may determine that there is an antenna
connection error.

In an exemplary embodiment, a base station may determine an amplitude and/or phase
between antenna elements of the base station, and may measure, based on the determined
amplitude/phase, an amplitude/phase between corresponding antenna ports of the base station.
The base station may compare the measured amplitude/phase with an expected amplitude/phase
of the antenna ports to determine an error, and may compare the determined error to a threshold.
The base station may determine an erroneous antenna port connection when the error exceeds
the threshold, and may determine a correct antenna port connection when the error is less than or
equal to the threshold.

In another exemplary embodiment, the base station may determine a squared error
between the measured amplitude/phase and the expected amplitude/phase, and may compare the
squared error to the threshold to determine whether the squared error is greater than the
threshold and zero or whether the squared error is less than or equal to the threshold.

In another exemplary embodiment, the base station may receive antenna port
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permutations for multiple antenna ports of the base station, and may receive expected value
information associated with the multiple antenna ports. The base station may calculate expected
values for different antenna port permutations based on the received information, and may
acquire measured values associated with the different antenna port permutations. The base
station may compare the expected values for the different antenna port permutations with the
measured values for the different antenna port permutations to determine crrors for the different
antenna port permutations, and may determine an optimal antenna port permutation to be onc of
the different antenna port permutations with the smallest determined error.

Such an arrangement may ensure that connection errors are automatically and casily
detected, and that performance issues, due to connection errors, are minimized. The
arrangement may not require an uplink signal, and thus may not require an operational wireless
communication network or extra equipment to generate an uplink signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 depicts a diagram of an exemplary network in which systems and/or methods

described herein may be implemented;

Fig. 2 illustrates a diagram of exemplary components of a base station depicted Fig. 1;

Figs. 3A and 3B depict diagrams of further exemplary components of the base station
illustrated in Fig. 1;

Fig. 4 depicts a diagram of exemplary components of an antenna port illustrated in Figs.
3A and 3B;

Fig. 5 illustrates a diagram of exemplary interactions among exemplary components of a
portion of the antenna port depicted in Fig. 4;

Fig. 6 illustrates a diagram of additional exemplary components of the base station
depicted Fig. 1;

Figs. 7 and 8 depict diagrams of exemplary functional components of the base station
illustrated in Fig. 1;

Figs. 9 and 10 illustrate flow charts of an exemplary process for automatically detecting
a connection error in a smart antenna according to embodiments described herein; and

Fig. 11 depicts a flow chart of an exemplary process for determining an optimal antenna
port permutation in a smart antenna according to embodiments described herein.

DETAILED DESCRIPTION

The following detailed description refers to the accompanying drawings. The same

reference numbers in different drawings may identify the same or similar elements. Also, the

following detailed description does not limit the invention.
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Embodiments described herein may automatically detect a connection error in a smart
antenna (e.g., of a base station or a RRU) by measuring an amplitude and/or a phase between
antenna ports of the smart antenna and by comparing the measured amplitude/phase to an
expected amplitude/phase. The automatic detection techniques described herein may be used to
quickly and easily detect connection errors in a smart antenna, and may prevent performance
problems due to connection errors.

Fig. 1 depicts a diagram of an exemplary network 100 in which systems and/or methods
described herein may be implemented. As shown, network 100 may include two user equipment
(UEs) 110-1 and 110-2 (referred to collectively, and in some instances individually, as “user
equipment 110”) and a base station 120. Two pieces of user equipment 110 and a single base
station 120 have been illustrated in Fig. 1 for simplicity. In practice, there may be more UEs
110 and/or base stations 120. Also, in some instances, a component in network 100 (e.g., one or
more of user equipment 110 and/or base station 120) may perform one or more functions
described as being performed by another component or group of components in network 100.

User equipment 110 may include one or more devices capable of sending/receiving voice
and/or data to/from base station 120. In one embodiment, user equipment 110 may include, for
example, a wireless telephone, a personal digital assistant (PDA), a laptop computer, etc. User
equipment 110 may receive information from base station 120, and may generate and provide
information to base station 120.

In one embodiment, base station 120 (also referred to as a “Node B”’) may be associated
with a radio access network (RAN) (not shown). The RAN may include one or more devices for
transmitting voice and/or data to user equipment 110 and a core network (not shown). The RAN
may include a group of base stations 120 and a group of radio network controllcrs (RNCs). The
RNCs may include onc or more devices that control and manage base station 120. The RNCs
may also include devices that perform data processing to manage utilization of radio network
services. The RNCs may transmit/receive voice and data to/from base station 120, other RNCs,
and/or the core network.

A RNC may act as a controlling radio network controller (CRNC), a drift radio network
controller (DRNC), or a serving radio network controller (SRNC). A CRNC may be responsible
for controlling the resources of base station 120. On the other hand, an SRNC may serve
particular user equipment 110 and may manage connections towards that user equipment 110.
Likewise, a DRNC may fulfill a similar role to the SRNC (e.g., may route traffic between a
SRNC and particular user equipment 110).

Base station 120 may include one or more devices that receive voice and/or data from the
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RNCs (not shown) and transmit that voice and/or data to user equipment 110 via an air interfacec.
Base station 120 may also include one or more devices that receive voice and/or data from uscr
cquipment 110 over an air interface and transmit that voice and/or data to the RNCs or other
user equipment 110.

In one embodiment, base station 120 may determine an amplitude and/or phase between
antcnna elements of base station 120, and may measure, based on the determined
amplitude/phase, an amplitude/phase between corresponding antenna ports of base station 120.
Base station 120 may compare the measured amplitude/phase with an expected amplitude/phase
of the antenna ports to determine an error, and may compare the determined error to a threshold.
Base station 120 may determine an erroneous antenna port connection when the error exceeds
the threshold, and may determine a correct antenna port connection when the error is less than or
equal to the threshold.

In another embodiment, base station 120 may receive antenna port permutations for
multiple antenna ports of base station 120, and may receive expected information associated
with the multiple antenna ports. Base station 120 may calculate expected values for different
antenna port permutations based on the received information, and may acquire measured values
associated with the different antenna port permutations. Base station 120 may compare the
expected values for the different antenna port permutations with the measured values for the
different antenna port permutations to determine errors for the different antenna port
permutations, and may determine an optimal antenna port permutation to be one of the different
antenna port permutations with the smallest determined error.

Fig. 2 illustrates a diagram of exemplary components of base station 120. As shown in
Fig. 2, base station 120 may include a group of antennas 210-1 through 210-8 (referred to
collectively as “antennas 210 and in some instances, individually as “antenna 210”), a group of
transceivers (TX/RX) 220-1 through 220-8 (referred to collectively as “transceivers 220” and in
some instances, individually as “transceiver 220”), a processing system/RRU 230, and an [ub
interface (I/F) 240.

Antennas 210 may include one or more directional and/or omni-directional antennas. In
one embodiment, antennas 210 may be associated with a smart antenna of base station 120.
Although eight antennas 210 are shown in Fig. 2, in other embodiments, basc station 120 may
include more or less than cight antennas 210.

Transccivers 220 may be associated with corresponding antennas 210 and may include
transcciver circuitry for transmitting and/or receiving symbol sequences in a network, such as
network 100, via antennas 210.
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Processing system/RRU 230 may control the operation of base station 120. Processing
system/RRU 230 may also process information received via transceivers 220 and lub interface
240. Processing system/RRU 230 may further measure quality and strength of conncction, may
determine the frame error rate (FER), and may transmit this information to a RNC (not shown).
In one embodiment, processing system 230 may be part of a RRU that is associated with base
station 120. As illustrated, processing system/RRU 230 may include a processing unit 232 and a
memory 234 (e.g., that includes an expected value table 236).

Processing unit 232 may include one or more processors, microprocessors, application
specific integrated circuits (ASICs), field programmable gate arrays (FPGAs), or the like.
Processing unit 232 may process information received via transceivers 220 and Iub interface
240. The processing may include, for example, data conversion, forward error correction (FEC),
rate adaptation, Wideband Code Division Multiple Access (WCDMA) spreading/dispreading,
quadrature phase shift keying (QPSK) modulation, etc. In addition, processing unit 232 may
generate control messages and/or data messages, and may cause those control messages and/or
data messages to be transmitted via transceivers 220 and/or Iub interface 240. Processing unit
232 may also process control messages and/or data messages received from transceivers 220
and/or Tub interface 240.

Memory 234 may include a random access memory (RAM), a read-only memory
(ROM), and/or another type of memory to store data and instructions that may be used by
processing unit 232. As further shown in Fig. 2, memory 234 may include an expected value
table 236. Expected value table 236 may be a table (e.g., provided by a vendor or a
manufacturer of base station 120) that includes amplitude and/or phase information between any
two antenna ports of base station 120. As shown in an exemplary embodiment of expected
value table 236 (provided below), the amplitude between two antennas (e.g., two of antennas
210) may be different. Amplitude may be provided in decibels (dB) and phase may be provided
in degrees (deg). Parameter “S12” may represent antenna port “1” as an input port and antenna
port “2” as an output port. Base station 120 may measure amplitude/phase between two
particular antennas and may compare the mcasurcd valucs with corresponding values provided
in expected value tablc 236 (c.g., for the two particular antennas). If there is a large difference
(c.g., greater than a particular threshold) between the measured values and the values provided

in cxpected value table 236, base station 120 may determine that there is an antenna connection

CIrofr.
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Expected Value Table
Parameter Frequency

1880 1900 1920 2010 2018 2025

oy | Amplitude(dB] 32.42 27.73 21.2 20.49 19.89 19.95
Phase[deg] 60.44 17.67 -148.27 6.51 -19.83 -53.81

g1y |_Amplitude[dB] 20.73 20.99 21.26 21.62 21.66 21.64
Phase[deg] -90.77 151.7 34.94 -126.48 17491 143.09

S13 Amplitude[dB] 27.8 29.71 30.43 29.75 2991 30.25
Phase[deg] 73.64 -43.67 -166.86 222 -27.41 -69.84

S14 Amplitude[dB} 35.38 33.61 3432 359 38.18 40.83
Phase[deg] -127.64 106.61 7.69 177.5 132.83 88.39

S15 Amplitude[dB] 32.97 34,53 3641 36.92 38.17 39.6
Phasef[deg] -81.33 174.69 53.5 -83.76 -123.12 -160.59

16 Amplitude[dB] 34.1 32.46 31.41 29.63 30.33 31.21
Phasc[dcg] 68.84 -50.64 -145.01 40.11 -4.94 -46.26

g7 | Amplitude[dB] 34.1 35.06 39.57 39.79 39.8 38.83
Phase[deg] 110.02 5.61 -135.61 75.77 15.1 -34.45

S18 Amplitude[dB] 3275 32.57 32.82 34.31 34.59 34.94
Phase[deg] -107.36 126.67 9.76 -175.88 136.23 9341

Slcal Amplitude[dB] 26.03 25.99 25.95 25.58 25.51 25.41
Phase[deg] 134.94 115.65 96.72 12.53 5.2 -1.44

oy |_Amplitude[dB] 28.94 26.21 17.56 17.06 18.78 21.24

Phase[deg] 83.67 -62.23 -147.6 105.45 64.93 18.2

<3 |_Amplitude[dB] 21.49 21.56 21.74 22.64 22.75 22.87
Phase[deg] -73.63 165.77 4922 -118.43 -165.95 152.11

<24 Amplitude[dB] 27.89 29.38 30.06 30.3 30.29 30.48
Phase[deg] 60.22 -62.74 166.26 -7.96 -56.5 -99.25

925 Amplitude[dB] 31.61 31.68 31.76 33.08 33.33 33.59
Phase[deg] 115.27 -66.65 -115.9 62.5 15.88 -25.2

<6 |_Amplitude[dB] 26.71 28.25 28.63 26.6 26.82 26.89
Phase[deg] -59.76 170.94 40.38 -124.01 -174.69 141.46

$27 Amplitude[dB] 28.33 29.73 31.28 28.78 29.27 29.9
Phase[deg] 88.08 -37.85 -152.45 42.32 -7.34 -47.57

508 Amplitude[dB] 35.99 36.3 36.51 36.9 36.59 36.16
Phase[deg] 93.27 -20.23 -146.15 60.79 15.59 -24.07

Socq] | Amplitude[dB] 26.3 26.26 26.14 25.32 25.26 25.3
Phase[deg] 137.11 116.41 98.33 12.91 4.61 -2.33

$33 Amplitude[dB] 16.47 20 28.62 24.77 27.31 33.8
Phase[deg] -129.33 161.77 -171.52 113.47 80.98 26.54

$34 Amplitude[dB] 21.09 21.14 21.37 21.89 21.89 21.84
Phase[deg] -97.45 144.5 24.71 -141.86 168.66 125.85

35 | _Amplitude[dB] 36.5 36.56 26.92 38.47 38.2 38.14
Phase[deg] 64.79 -53.85 -174.55 34.34 -9.47 -47.73

g3g |_Amplitude[dB] 29.97 30.37 32.47 32.05 31.94 32
Phase[deg] 129.78 18.06 -108.25 82.51 33.59 -8.47

$37 Amplitude[dB] 25.66 26.42 27.65 29.64 30.88 32
Phase[deg] -78.74 169.76 50.16 -98.08 -146.41 169.01
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P Frequency
arameter
1880 1900 1920 2010 2018 2025
338 Amplitude[dB] 31.71 31.44 31.51 29.22 29.36 29.67
Phase[deg] 78.9 -36.28 -150.27 42 -4.52 -45.92

Iub interface 240 may include one or more line cards that allow base station 120 to
transmit data to and receive data from a RNC.

As described herein, base station 120 may perform certain operations in response to
processing unit 232 executing software instructions of an application contained in a computer-
readable medium, such as memory 234. In one example, a computcer-rcadable medium may be
defined as a physical or logical memory device. A logical memory device may include memory
space within a single physical memory device or spread across multiple physical mcmory
devices. The software instructions may be read into memory 234 from another computcr-
readable medium or from another device via antennas 210 and transceivers 220. The software
instructions contained in memory 234 may cause processing unit 232 to perform processes
described herein. Alternatively, hardwired circuitry may be used in place of or in combination
with software instructions to implement processes described herein. Thus, embodiments
described herein are not limited to any specific combination of hardware circuitry and software.

Although Fig. 2 shows exemplary components of base station 120, in other
embodiments, base station 120 may contain fewer, different, differently arranged, or additional
components than depicted in Fig. 2. In still other embodiments, one or more components of
base station 120 may perform one or more other tasks described as being performed by one or
more other components of base station 120.

Figs. 3A and 3B depict diagrams of further exemplary components of base station 120.
As shown in Fig. 3A, base station 120 may include an antenna port 300 that includes eight ports
310-1 through 310-8 (referred to collectively as “ports 310 and in some instances, individually
as “port 310”) connected to corresponding antennas 210-1 through 210-8, and a calibration port
310-CAL. Antennas 210 may include the features described above in connection with, for
example, Fig. 2.

Antenna port 300 may include a device that enables antennas 210 to connect to
transceivers 220 (Fig. 2) of base station 120, via cables. In one embodiment, antenna port 300
may include an antenna port for a dual-polarized eight antenna system, as shown in Fig. 3A. In
another embodiment, antenna port 300 may include an antenna port for a normal eight antenna
system.

Each of ports 310-1 through 310-8 may include a port capable of connecting one of
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antennas 210 to one of transceivers 220 (Fig. 2), via a cable. Each of ports 310-1 through 310-8
may be capable of connecting to a variety of cable connector types, including male connectors,
female connectors, optical conncctors, clectrical connectors, SubMiniature version A (SMA)
connectors, threaded Neill-Concclman (TNC) connectors, Bayonct Ncill-Concelman (BNC)
conncctors, etc.

Calibration port 310-CAL may include a port capable of connecting antenna port 300 to
onc of transceivers 220 (Fig. 2), via a cable. Calibration port 310-CAL may be capable of
connccting to a variety of cable connector types, including male connectors, female connectors,
optical connectors, electrical connectors, SMA connectors, TNC connectors, BNC connectors,
etc.

As shown in Fig. 3B, antenna port 300 may connect antennas 210 (omitted from Fig. 3B
for clarity) to corresponding transceivers 220, via ports 310 and RF cables 320. Transceivers
220 may communicate with processing system/RRU 230. Transceivers 220 and processing
system/RRU 230 may include the features described above in connection with, for example, Fig.
2. Antenna port 300 and ports 310 may include the features described above in connection with,
for example, Fig. 3A.

Each of RF cables 320 may include a cable that transmits high frequency signals. RF
cables 320 may include cables capable of connecting ports 310 to corresponding transceivers
220. RF cables 320 may include a variety of cable connector types, including male connectors,
female connectors, optical connectors, electrical connectors, SMA connectors, TNC connectors,
BNC connectors, etc.

As further shown in Fig. 3B, port 310-1 (and antenna 210-1) may connect to transceiver
220-1 via one of RF cables 320, port 310-2 (and antenna 210-2) may connect to transceiver 220-
2 via one of RF cables 320, port 310-3 (and antenna 210-3) may connect to transceiver 220-3 via
one of RF cables 320, port 310-4 (and antenna 210-4) may connect to transceiver 220-4 via one
of RF cables 320, port 310-5 (and antenna 210-5) may connect to transceiver 220-5 via one of
RF cables 320, port 310-6 (and antenna 210-6) may connect to transceiver 220-6 via one of RF
cables 320, port 310-7 (and antenna 210-7) may connect to transceiver 220-7 via one of RF
cables 320, port 310-8 (and antenna 210-8) may connect to transceiver 220-8 via one of RF
cables 320, and port 310-CAL may connect to transceiver 220-CAL via one of RF cables 320.
In such an arrangement there is a possibility that one of RF cables 320 may be incorrectly
connected to one of ports 310 (e.g., onc of antcnnas 210), which may generate an incorrect beam
and may decrease performance of base station 120. Embodiments described automatically
detect and enablc correction of such connection errors.
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Although Figs. 3A and 3B show exemplary components of base station 120, in other
embodiments, base station 120 may contain fewer, different, differently arranged, or additional
components than depicted in Figs. 3A and 3B. In still other embodiments, one or more
components of base station 120 may perform one or more other tasks described as being
performed by one or more other components of base station 120.

Fig. 4 depicts a diagram of exemplary components of antenna port 300. As shown,
antenna port 300 may include antennas 210, ports 310, calibration port 310-CAL, loads 400,
directional couplers 410, and power splitters 420. Antennas 210 may include the features
described above in connection with, for example, Fig. 2. Ports 310 and calibration port 310-
CAL may include the features described above in connection with, for example, Figs. 3A and
3B. Fig. 4 shows multiple loads 400, directional couplers 410, and power splitters 420, although
only a few of them are labeled (for clarity).

Each of loads 400 may include a device connected to an output (e.g., one of ports 310) of
a circuit. In one embodiment, each of loads 400 may include a device where power is
consumed.

Each of directional couplers 410 may include a passive device that couples a portion of
transmission power in a transmission line (e.g., a line connected to antenna 210-1) by a
particular amount out through another port. In one embodiment, each of directional couplers
410 may use two transmission lines set close enough together such that energy passing through
one transmission line (e.g., a line connected to antenna 210-1) is coupled to the other
transmission line (e.g., a line connecting two loads 400).

Each of power splitters 420 may include a passive device that receives an input signal
and generates multiple output signals with specific phase and amplitude characteristics. In one
embodiment, each of power splitters 420 may include a “T” connection, which has one input and
two outputs. If the “T” connection is mechanically symmetrical, a signal applied to the input
may be divided into two output signals, equal in amplitude and phasc.

Although Fig. 4 shows exemplary components of antenna port 300, in other
embodiments, antenna port 300 may contain fewer, different, differently arranged, or additional
components than depicted in Fig. 4. In still other embodiments, one or more components of
antenna port 300 may perform one or more other tasks described as being performed by one or
more other components of antenna port 300.

Fig. 5 illustrates a diagram of exemplary interactions among exemplary components of a
portion 500 of antenna port 300. As shown, portion 500 of antenna port 300 may include
antennas 210-1 and 210-2, ports 310-1 and 310-2, loads 400, and directional couplers 410.
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Antennas 210-1 and 210-2 may include the features described above in connection with, for
example, Fig. 2. Ports 310-1 and 310-2 may include the features described above in connection
with, for example, Figs. 3A and 4B. Loads 400 and directional couplers 410 may include the
features described above in connection with, for example, Fig. 4.

As further shown in Fig. 5, antennas 210-1 and 210-2 may be internally coupled together
via a circuit that includes loads 400 and directional couplers 410. For example, an input signal
510 may be input at port 310-1, may travel through the circuit, and may be received as an output
signal 520 at port 310-2. Antennas 210-1 and 210-2 may be externally coupled together via
wireless wave propagation between antennas 210-1 and 210-2. For example, input signal 510
may cause antenna 210-1 to transmit a wireless signal 530 that may be received by antenna 210-
2 and provided to port 310-2. The cxtcrnal coupling of antennas 210-1 and 210-2 may depend
on a physical environment (e.g., a very site specific environment) of base station 120 and
antennas 210-1 and 210-2. In one embodiment, a filter may be provided (e.g., with antennas
210-1 and 210-2) that filters out surrounding objects of the physical environment.

Base station 120 may use signals 510-530 to measure an amplitude and/or a phase
between antennas 210-1 and 210-2 (and ports 310-1 and 310-2). Base station 120 may compare
the values provided in expected value table 236 (Fig. 2) with the measured amplitude and/or
measured phase between antennas 210-1 and 210-2 (and ports 310-1 and 310-2). Ifthereis a
large difference (e.g., greater than a particular threshold (e.g., +/- ten percent)) between the table
values and the measured amplitude and/or phase, base station 120 may determine that there is an
antenna connection error.

Although Fig. 5 shows exemplary interactions among components of antenna port 300,
in other embodiments, components of antenna port 300 may perform fewer, different, or
additional interactions than depicted in Fig. 5.

Fig. 6 illustrates a diagram of additional exemplary components of base station 120. As
shown base station 120 may include a first transceiver 220-1 that includes digital-to-analog
converter (DAC) circuitry 600, a power amplifier 605, and a filter unit (FU) 610; a second
transceiver 220-2 that includes a filter unit 615 and analog-to-digital converter (ADC) circuitry
620; and processing unit 232. Transceivers 220-1 and 220-2 and processing unit 232 may
include the features described above in connection with, for example, Fig. 2.

DAC circuitry 600 may include a device or circuitry that converts a digital signal (e.g.,
binary code or numbers) to an analog signal (e.g., current, voltage, or electric charge). In one
embodiment, DAC circuitry 600 may include one or more of a pulse width modulator DAC, an
oversampling DAC, an interpolating DAC, a binary weighted DAC, etc.
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Power amplifier 605 may include a device that changes (e.g., increases) an amplitude of
a signal (e.g., a voltage, a current, etc.). In one embodiment, power amplifier 605 may include
one or more of a transistor amplifier, an operational amplifier, a fully differential amplifier, etc.

Each of filter units 610 and 615 may include an electronic circuit that performs signal
processing functions to remove unwanted frequency components from a signal, to enhance
desired frequency components in the signal, or both. In one embodiment, each of filter units 610
and 615 may include one or more of a passive filter unit, an active filter unit, an analog filter
unit, a digital filter unit, a high-pass filter unit, a low-pass filter unit, a bandpass filter unit, band-
reject filter unit, an all-pass filter unit, a discrete-time filter unit, a continuous-time filter unit, a
linear filter unit, a non-linear filter unit, an infinite impulse response filter unit, a finite impulse
response filter unit, etc.

ADC circuitry 620 may include a device or circuitry that converts an analog signal (e.g.,
current, voltage, or electric charge) to a digital signal (e.g., binary code or numbers). In one
embodiment, ADC circuitry 620 may include one or more of a linear ADC, a non-linear ADC, a
direct conversion ADC, a successive-approximation ADC, a ramp-compare ADC, etc.

As further shown in Fig. 6, in order to calibrate antennas 210 associated with
transceivers 220-1 and 220-2, processing unit 232 may provide a digital transmission (TX)
signal 625 to transceiver 220-1, and DAC circuitry 600 may receive digital TX signal 625.

DAC circuitry 600 may convert digital TX signal 625 to an analog TX signal 630, and may
provide analog TX signal 630 to power amplifier 605. Power amplificr 605 may amplify analog
TX signal 630 to producc an amplified, analog TX signal 635, and may provide amplified,
analog TX signal 635 to filter unit 610. Filter unit 610 may filter amplified, analog TX signal
635 to produce a signal 640 (e.g., which is a filtered, amplified, and analog TX signal), and may
provide signal 640 to a coupling network. The coupling network may include, for example, the
internally and externally coupled antennas 210-1 and 210-2 and ports 310-1 and 310-2 shown in
Fig. 5.

Signal 640 may be input to port 310-1 as input signal 510 (Fig. 5), and may travel
through the coupling network until it reaches port 310-2 as output signal 520 (Fig. 5). Output
signal 520 may be provided to transceiver 220-2 as an analog reception (RX) signal 645, and
filter unit 615 may receive analog RX signal 645. Filter unit 615 may filter analog RX signal
645 to produce a filtered, analog RX signal 650, and may provide filtered, analog RX signal 650
to ADC circuitry 620. ADC circuitry 620 may convert filtered, analog RX signal 650 to a
digital RX signal 655, and may provide digital RX signal 655 to processing unit 232.

Processing unit 232 may compare digital TX signal 625 and digital RX signal 655 to
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determine a measured value (e.g., a difference between digital TX signal 625 and digital RX
signal 655) of amplitude and/or phase. Since the amplitude and phase provided by transceivers
220-1 and 220-2 may be known, processing unit 232 may calculate an amplitude and/or phase
between antenna ports (e.g., ports 310-1 and 310-2, which are associated with antennas 210-1
and 210-2) based on the measured value and the known amplitude and phase provided by
transceivers 220-1 and 220-2. Processing unit 232 may compare the values provided in
expected value table 236 (Fig. 2) with the measured amplitude and/or phase between the antenna
ports (e.g., ports 310-1 and 310-2). If there is a large difference (e.g., greater than a particular
threshold (e.g., +/- ten percent)) between the table values and the mcasured amplitude and/or
phase, processing unit 232 may determine that there is an antenna connection error.

Although Fig. 6 shows exemplary components of base station 120, in other
cmbodiments, base station 120 may contain fewer, different, differently arranged, or additional
components than depicted in Fig. 6. In still other embodiments, one or more components of
base station 120 may perform one or more other tasks described as being performed by one or
more other components of base station 120.

Fig. 7 depicts a diagram of exemplary functional components of base station 120. As
shown, base station 120 may include a measured value determiner 700, a measured/expected
value comparer 710, and an error/threshold comparer 720. In one embodiment, the functions
described in connection with Fig. 7 may be performed by processing unit 232 (Fig. 2).

Measured value determiner 700 may include any hardware, software, or combination of
hardware and software that may receive digital TX signal 625 and digital RX signal 655.
Measured value determiner 700 may compare digital TX signal 625 and digital RX signal 655 to
determine a difference between the amplitude and/or the phase of digital TX signal 625 and
digital RX signal 655. Since the amplitude and phase provided by transceivers 220 may be
known, measured value determiner 700 may calculate a measured value (Syeasurea) 730 (€.8., an
amplitude and/or phase between two antenna ports 310) based on the determined difference and
the known amplitude and phase provided by transceivers 220. Measured value determiner 700
may provide measured value 730 to measure/expected value comparer 710.

Measured/expected value comparer 710 may include any hardware, software, or
combination of hardware and software that may receive measured value 730 from measured
value determiner 700, and may receive an expected value (Sexpecica) 740 from expected value
table 236. Measured/expected value comparer 710 may compare measured value (Smeasured) 730
and expected value (Scxpected) 740. In one embodiment, measured/expected value comparer 710
may determine a difference between measured value (Smeasured) 730 and expected value (Sexpected)
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740 (i.€., Smeasured - Sexpected) t0 be an error (g) 750, and may square error (g) 750 according to the

following squared matrix norm (e.g., the squared Frobenius norm):

2

g = ”Smcasured = Sexpected .
where Speasured ad Sexpected Mmay denote measured and expected complex value S-matrices. A
complex S-matrix may contain all the S-parameters (e.g., an (i, j) element of the S-matrix may
contain a parameter (Sij), which may represent an amplitude and phase between ports i and j in
complex form).

Error/threshold comparer 720 may include any hardware, software, or combination of
hardware and software that may receive error (¢) 750 from measured/expected value comparer
710, and may compare the squared error 750 to a threshold (6tpresy). Since a measurement
error may always be present, a few decibels (e.g., one to five decibels) or few degree (e.g., one
to five degrees) margin may be added as the threshold. Error/threshold comparer 720 may
determine that a port connection (e.g., in base station 120) is erroneous (as indicated by
reference number 760) if the squared error 750 is greater than the threshold (e.g., £? > STrESH >
0). Error/threshold comparer 720 may determine that a port connection (e.g., in base station
120) is correct (as indicated by reference number 770) if the squared error 750 is less than or
equal to the threshold (e.g., &2 <OTHRESH)-

Although Fig. 7 shows exemplary functional components of base station 120, in other
embodiments, base station 120 may contain fewer, different, differently arranged, or additional
functional components than depicted in Fig. 7. In still other embodiments, one or more
functional components of base station 120 may perform one or more other tasks described as
being performed by one or more other functional components of base station 120.

Fig. 8 illustrates a diagram of exemplary functional components of base station 120. As
shown, base station 120 may include an expected values calculator 800 and a measured/expected
values comparer 810. In onc cmbodiment, the functions described in connection with Fig. 8
may be performed by processing unit 232 (Fig. 2).

Expected values calculator 800 may include any hardware, software, or combination of
hardwarc and software that may receive port permutations 820 (e.g., different combinations of
antennas 210, ports 310, and RF cables 320) for multiple antenna ports 310 of base station 120,
and may receive table information 830 (e.g., expected values from expected value table 236
(Fig. 2)) associated with the multiple antenna ports 310. Expected values calculator 800 may
calculate expected values 840 (e.g., S-matrices) for different antenna port permutations based on
port permutations 820 and table information 830. Expected values calculator 800 may provide

expected values 840 to measured/expected values comparer 810.

-14- Procomm Exhibit 2015
Ericsson v. Procomm
IPR2025-01453, Page 343 of 365



10

15

20

25

30

WO 2010/134861 PCT/SE2009/050583

Measured/expected values comparer 810 may include any hardware, software, or
combination of hardware and software that may receive expected values 840 from expected
values calculator 800, and may acquire measured values 850 associated with the different
antenna port permutations. Measured/expected values comparer 810 may compare expected
values 840 with measured values 850 to determine errors for the different antenna port
permutations. Measured/expected values comparer 810 may determine an optimal antenna port

permutation (i.e., a correct port order 860) to be one of the different antenna port permutations
2

B

with a smallest determined error 870 (e.g., as determined by: &° = llS,ms,,,.ed = Sepected

Although Fig. 8 shows exemplary functional components of base station 120, in other
embodiments, base station 120 may contain fewer, different, differently arranged, or additional
functional components than depicted in Fig. 8. In still other embodiments, one or more
functional components of base station 120 may perform one or more other tasks described as
being performed by one or more other functional components of base station 120.

Figs. 9 and 10 illustrate flow charts of an exemplary process 900 for automatically
detecting a connection error in a smart antenna according to embodiments described herein. In
one embodiment, process 900 may be performed by base station 120. In other embodiments,
some or all of process 900 may be performed by base station 120 in combination with another
device (e.g., a RRU) or group of devices (e.g., communicating with base station 120).

As illustrated in Fig. 9, process 900 may include determining an amplitude/phase
between antenna clements of a base station (block 910), and measuring, based on the determined
amplitude/phase, an amplitude/phase (Speasured) between corresponding antenna ports of the base
station (block 920). For example, in embodiments described above in connection with Fig. 7,
measured value determiner 700 of base station 120 may receive digital TX signal 625 and digital
RX signal 655. Measured value determiner 700 may compare digital TX signal 625 and digital
RX signal 655 to determine a difference between the amplitude and/or the phase of digital TX
signal 625 and digital RX signal 655. Since the amplitude and the phase provided by
transceivers 220 may be known, measured value determiner 700 may calculate measured value
(Smeasured) 730 (e.g., an amplitude and/or phase between two antenna ports 310) based on the
determined difference and the known amplitude and phasc provided by transceivers 220.

Returning to Fig. 9, the measured amplitude/phasc (Smeasured) may be compared with an
expected amplitude/phase (Scxpeciea) Of the antenna ports to determine an crror (block 930), and
the determined error may bc compared to a threshold (block 940). For example, in embodiments
described above in connection with Fig. 7, measured/expected value comparer 710 of basc

station 120 may receive measured value 730 from measured value determiner 700, and may
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receive expected value (Sexpected) 740 from expected value table 236. Measured/expected value
comparer 710 may compare measured value (Speasured) 730 and expected value (Sexpected) 740. In
one example, measured/expected value comparer 710 may determine a difference between
measured value (Smeasured) 730 and expected value (Sexpected) 740 (i-€., Smeasured = Sexpected) t0 be an
error (g) 750. Error/threshold comparer 720 of base station 120 may receive error (g) 750 from
measured/expected value comparer 710, and may compare the squared error 750 to a threshold
(OtHrEsH). In one example, the threshold (e.g., for the amplitude and phase values) may be set
equal to a product of a particular percentage (e.g., ten percent) and the amplitude and phase
values provided in expected value table 236.

As further shown in Fig. 9, an erroneous antenna port connection may be determined
when the error exceeds the threshold (block 950), and a correct antenna port connection may be
determined when the error is less than or equal to the threshold (block 960). For example, in
embodiments described above in connection with Fig. 7, error/threshold comparer 720 of base
station 120 may determine that a port connection (e.g., in base station 120) is erroneous (as
indicated by reference number 760) if the squared error 750 exceeds the threshold (Sruresn)-
Error/threshold comparer 720 may determine that a port connection (¢.g., in base station 120) is
correct (as indicated by reference number 770) if the squared error 750 is less than or equal to
the threshold (3turesn).

Process blocks 930 and 940 may include the process blocks depicted in Fig. 10. As
shown in Fig. 10, process blocks 930 and 940 may include determining a squared error )

between the measured amplitude/phase (Smeasurea) and the expected amplitude/phase (Sexpected)

)

measured

2
according to £ = “S . (block 1000), and comparing the squared error (%) to the

exp ected

threshold (&turesn) to determine whether &® > Sruresy > 0 or €2 <STurEsH (block 1010). For
example, in embodiments described above in connection with Fig. 7, measured/expected value
comparer 710 of base station 120 may determine a difference between measured value (Smeasured)
730 and expected value (Sexpected) 740 (1.€., Smeasured = Sexpected) t0 be error () 750, and may square

error (&) 750 according to the following squared matrix norm (e.g., the squared Frobenius norm):

2
S o Error/threshold comparer 720 of basc station may compare the

measured

S

£ = oxp ected
squared error 750 to a threshold (8tgresn). Error/threshold comparer 720 may determine that a
port connection (e.g., in base station 120) is erroneous (as indicated by reference number 760) if
the squared error 750 greater than the threshold (e.g., £* > turesu > 0). Error/threshold
comparer 720 may determine that a port connection (e.g., in base station 120) is correct (as

indicated by reference number 770) if the squared error 750 is less than or equal to the threshold
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(e.g., " <Sriresn).
Fig. 11 illustrates a flow chart of another exemplary process 1100 for determining an

optimal antenna port permutation in a smart antenna according to embodiments described
herein. In one embodiment, process 1100 may be performed by base station 120. In other
embodiments, some or all of process 1100 may be performed by base station 120 in combination
with another device (e.g., a RRU) or group of devices (e.g., communicating with base station
120).

As illustrated in Fig. 11, process 1100 may include receiving antcnna port permutations
and amplitudes/phases for antenna ports of a base station (block 1110), and calculating expected
amplitudes/phases for different antenna port permutations based on the received information
(block 1120). For example, in embodiments described above in connection with Fig. 8,
expected values calculator 800 of base station 120 may receive port permutations 820 (e.g.,
different combinations of antennas 210, ports 310, and RF cables 320) for multiple antenna ports
310 of base station 120, and may receive table information 830 (e.g., expected values from
expected value table 236 (Fig. 2)) associated with the multiple antenna ports 310. Expected
values calculator 800 may calculate expected values 840 (e.g., S-matrices) for different antenna
port permutations based on port permutations 820 and table information 830.

As further shown in Fig. 11,measured amplitudes/phases associated with the antenna port
permutations may be acquired (block 1130), the expected amplitudes/phases may be compared
with the measured amplitudes/phases to determine errors (block 1140), and an optimal antenna
port permutation may be determined to be a permutation with the smallest error (block 1150).
For example, in embodiments described above in connection with Fig. 8, measured/expected
values comparer 810 of base station 120 may acquire measured values 850 associated with the
different antenna port permutations, and may compare expected values 840 with measured
values 850 to determine errors for the different antenna port permutations. Measured/expected
values comparer 810 may determine an optimal antenna port permutation (i.e., a correct port

order 860) to be one of the different antenna port permutations with a smallest determined error

2

).

F
Embodiments described hercin may automatically detect a connection error in a smart

870 (e.g., as determined by: €2 = [[S,,0ms = Sexpocs

antenna (e.g., of a base station or RRU) by measuring an amplitude and/or a phasc between
antenna ports of the smart antenna. In one embodiment, for example, in order to transmit and
receive signals accuratcly, every antenna clement, RF cable, and transceiver making up the
smart antcnna may need to operate identically. This means that every transmitting and receiving

link may nced to have the same amplitude and phase response. The base station may
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automatically implement a smart antenna calibration procedure that includes compensating the
amplitude and phase of each transmitting and receiving link.

Such an arrangement may ensure that connection errors are automatically and easily
detected, and that performance issues due to connection errors are minimized. The arrangement
may not require an uplink signal, and thus may not require an operational wireless
communication network or extra equipment to generate an uplink signal.

Embodiments described herein provide illustration and description, but are not intended
to be exhaustive or to limit the implementations to the precise form disclosed. Modifications
and variations are possible in light of the above teachings, or may be acquired from practice of
the implementations. For example, while series of blocks have been described with regard to
Figs. 9-11, the order of the blocks may be modified in other embodiments. Further, non-
dependent blocks may be performed in parallel. In another example, although the systems
and/or methods described herein have been implemented in base station 120, in other
embodiments, the systems and/or methods may be implemented in any device that uses antenna
port 300.

The exemplary embodiments, as described above, may be implemented in many different
forms of software, firmware, and hardware in the implementations illustrated in the figures. The
actual software code or specialized control hardware used to implement the exemplary
embodiments described herein is not limiting of the invention. Thus, the operation and behavior
of the exemplary embodiments were described without reference to the specific software code —
it being understood that one would be able to design software and control hardware to
implement the exemplary embodiments based on the description herein.

Further, certain portions of the invention may be implemented as “logic” that performs
one or more functions. This logic may include hardware, such as an application specific
integrated circuit, a field programmable gate array, a proccssor, or a microprocessor, or a
combination of hardware and software.

Even though particular combinations of features are recited in the claims and/or
disclosed in the specification, these combinations are not intended to limit the invention. In fact,
many of these featurcs may be combined in ways not specifically recited in the claims and/or
disclosed in the specification.

It should be emphasized that the terms “comprises / comprising” when used in the this
specification are taken to specify the presence of stated features, integers, steps, or components,
but do not preclude the presence or addition of one or more other features, integers, steps,

components, or groups thereof.
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No element, act, or instruction used in the description of the present application should
be construed as critical or essential to the invention unless explicitly described as such. Also, as
used herein, the article “a” is intended to include one or more items. Where only one item is
intended, the term “one” or similar language is used. Further, the phrase “based on” is intended

to mean “based, at least in part, on” unless explicitly stated otherwise.
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WHAT IS CILAIMED IS:
1. A method in a radio network (100) that includes a device (120), the method

comprising:

measuring, via the device (120), a parameter (Smeasurep) associated with at least two
antenna ports (310) of the device (120);

comparing, via the device (120), the measured parameter (Smeasurep) With an expected
parameter (SgxpecTED) associated with the at least two antenna ports (310) to determine an error
(e);

comparing, via the device (120), the determined error (€) to a threshold (dturesnorp); and

determining, via the device (120):

an erroneous antenna port connection for the at least two antenna ports (310)

when the error (g) exceeds the threshold (3turesnoLp), and

a correct antenna port connection for the at least two antenna ports (310) when

the error (g) is less than or equal to the threshold (8tarRESHOLD)-

2. The method of claim 1, where measuring, via the device (120), the parameter

(SMEASURED) comprises:

determining a parameter associated with at least two antenna elements (210) of the
device (120), where the at least two antenna elements (210) are associated with the at least two

antenna ports (310); and

measuring, based on the determined parameter associated with the at least two antenna

elements (210), the measured parameter (SmMEASURED)-

3. The method of claim 2, where the determined parameter associated with the at

least two antenna elements (210) compriscs onc or more of an amplitude or a phase.

4. The method of claim 1, where the measured parameter (Smeasurep) associated

with the at least two antenna ports (310) comprises one or more of an amplitude or a phase.

5. The method of claim 1, where the measured parameter (Smpasurep) associated
with the at least two antenna ports (310) comprises a difference between a signal (625)
transmitted via one of the at least two antenna ports (310) and a signal (655) received via

another one of the at least two antenna ports (310).
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6. The method of claim 1, where comparing, via the device (120), the measured
parameter (Smeasurep) With the expected parameter (Sgxpectep) comprises determining a
squared error (82) between the measured parameter (Smeasurep) and the expected parameter

(SexpecreD) according to:

2 2
€” = || SMEASURED - SExPECTED ||

7. The method of claim 6, where comparing, via the device (120), the determined
error (g) to the threshold (SturesnoLp) comprises comparing the squared error (82) to the
threshold (8tyresnoLD) to determine whether:

& > Sturesorp > 0, or

2
€” <OTHRESHOLD-

8. The method of claim 1, further comprising:

receiving antenna port permutations (820) for a plurality of antenna ports (310) of the
device (120);

receiving expected information (830) associated with the plurality of antenna ports (310);

calculating expected values (840) for different antenna port permutations based on the
received information;

acquiring measured values (850) associated with the different antenna port permutations;

comparing the expected values (840) for the different antenna port permutations with the
measured values (850) for the different antenna port permutations to determine errors for the
different antenna port permutations; and

determining an optimal antenna port permutation to be one of the different antenna port

permutations with the smallest determined error.
9. The method of claim 1, where the device (120) comprises a base station.

10. The method of claim 1, where the device (120) comprises a remote radio unit

(230) associated with a base station.

11. A device (120) in a radio network (100), the device (120) comprising:
at least two antenna ports (310);
a memory (234) to store a plurality of instructions; and
a processing unit (232) to execute instructions in the memory (234) to:
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measure a parameter (Syeasurep) associated with the at least two antenna ports
(310,

compare the measured paramcter (Smeasurep) With an expected parameter
(SexrecTED) associated with the at least two antenna ports (310) to determine an error (g),

comparc the determined error (g) to a threshold (8 1uresuoLp), and

determine:

an erroneous antenna port connection for the at least two antenna ports

(310) when the error (¢) exceeds the threshold (OruresnoLp), and

a correct antenna port connection for the at least two antenna ports (310)

when the error () is less than or equal to the threshold (dturesHoLD)-

12. The device (120) of claim 11, where the device (120) further comprises:

at least two antenna elements (210) associated with the at least two antenna ports (310),

and

where the processing unit (232) is further to execute instructions in the memory (234) to:

determine a parameter associated with the at least two antenna elements (210),

and

measure, based on the determined parameter associated with the at least two

antenna elements (210), the measured parameter (SpMEASURED)-

13. The device (120) of claim 12, where the determined parameter associated with

the at least two antenna elements (210) comprises one or more of an amplitude or a phase.

14, The device (120) of claim 11, where the measured parameter (SMEASURED)

associated with the at least two antenna ports (310) comprises one or more of an amplitude or a

phase.

15. The device (120) of claim 11, where the measured parameter (SveasurRep)
associated with the at least two antenna ports (310) comprises a difference between a signal
(625) transmitted via one of the at least two antenna ports (310) and a signal (655) received via

another one of the at least two antenna ports (310).

16. The device (120) of claim 11, where, when comparing the measured parameter
(Smeasuren) With the expected paramcter (Sexprcien), the processing unit (232) is further to
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execute instructions in the memory (234) to:

determine a squared error (82) between the measured parameter (Smeasuren) and the

expected parameter (SexpecteD) according to:

2 2
€” = || Smeasurep - Sexpecrep |-

17. The device (120) of claim 16, where, when comparing the determined error (g) to
the threshold (dturesnoLp), the processing unit (232) is further to execute instructions in the

memory (234) to:

compare the squared crror (82) to the threshold (3turesuoLp) to determinc whether:
g > OrHresHOLD > 0, or

2 -
€” <OTHRESHOLD-

18. The device (120) of claim 11, where the processing unit (232) is further to

execute instructions in the memory (234) to:

receive antenna port permutations (820) for a plurality of antenna ports (310) of the

device (120),

receive expected information (830) associated with the plurality of antenna ports (310),

calculate expected values (840) for different antenna port permutations based on the

received information,

acquire measured values (850) associated with the different antenna port permutations,
compare the expected values (840) for the different antenna port permutations with the
measured values (850) for the different antenna port permutations to determine errors for the

different antenna port permutations, and

determine an optimal antenna port permutation to be one of the different antenna port

permutations with the smallest determined error.
19. The device (120) of claim 11, where the device (120) comprises a base station.

20. The device (120) of claim 11, where the device (120) comprises a remote radio

unit (230) associated with a base station.
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