
USOO6172970B1 

(12) United States Patent (10) Patent No.: US 6,172,970 B1 
Ling et al. (45) Date of Patent: Jan. 9, 2001 

(54) LOW-COMPLEXITY ANTENNA DIVERSITY 5,031,193 7/1991 Akinson et al. ..................... 375/347 
RECEIVER 5,203,024 4/1993 Yamao .............................. 455/277.1 

5,263,180 * 11/1993 Hiramaya et al. ................... 455/139 
(75) Inventors: Curtis Chih-Shan Ling, Kowloon E. : 3.E. CN al. ... S. 

2- - -2 OZalSKI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SESSR NE. yiel, 5,796,777 * 7/1998 Terlep et al. ........................ 455/67.1 
Water Bay (HK) * cited by examiner 

(73) Assignee: The Hong Kong University of Science Primary Examiner-Chi H. Pham 
and Technology (HK) Assistant Examiner Steven Nguyen 

(74) Attorney, Agent, or Firm-Burns, Doane, Swecker & 
(*) Notice: Under 35 U.S.C. 154(b), the term of this Mathis, L.L.P. 

patent shall be extended for 0 days. (57) ABSTRACT 

21) Appl. No.: 08/851,543 A low-diversitv antenna diversitv receiver Suitable for pp y y 
1-1. TDMA PCS handset implementation employing two diver 

(22) Filed: May 5, 1997 sity branches. The receiver is capable of Selecting a diversity 
(51) Int. Cl. .................................. H04J 3/02; H04L 1/02 Scheme which is anticipated to give optimum signal recep 
(52) U.S. Cl. ........................ 370,347, 375/347, 455,277.2 tion among a plurality of diversity Schemes installed on the 
(58) Field of Search 370/347,321 receiver. This receiver, more conveniently termed multi 

375/345 346,347,348,349.366:455/133. diversity receiver comprises a Single conventional wireleSS 
134,135.136. 137.13s. 136.277.1.2772 digital receiver chain augmented with a few additional 

27s. 273.276.1.3.04.101.671.672. low-cost passive RF components and minor control circuits. 
67.26.1226. A plurality of diversity algorithms, for example, Selection 

•-1s a- a • diversity (SD), equal-gain combining (EGC) or interference 
(56) References Cited reduction combining (IRC) scheme, which are suitable for 

implementing on this multi-diversity receiver are also 
U.S. PATENT DOCUMENTS described. Simulation results showing performance of this 

3,934,204 * 1/1976 Hill 455/138 multi-diversity receiver are also presented. 
4,450,585 * 5/1984 Bell ................... ... 455/135 
4,972,434 * 11/1990 Le Polozec et al. ................ 375/347 16 Claims, 5 Drawing Sheets 

THEIRC ALCORTHM WITH TWO ANTENNAS 

INTIAL SETUP, 
= + 

(CANCEL INTERFERER) 

NO 
YES (CONTINUE 
(SEARCH SEARCH) 
IS LOST) 

USNG 
SELECTION 
DIVERSITY 

NO 
(REVERSE PHASE 

TO CANCEL INSEAD 

OF ADD) (OPTREEED DAAC 

ESTMATE A, ADURING 

SEARCHFOR ODURING 

COHERENT DEMODULATION (BC) 

OCKED TO 
STRONG INTERFERER) 

(Low-FSGNAAFIERA) 
-- a a ------ 

INITIAL SETUP (B1, B2, B3) 
ESTIMATE A1, A2, 6 

(FIND COPHASED STARTING POINT) 

BURSTS (B4, B5) 

BURSTS (B2, B1) 

m- an a s - - 1 CONTINUE NEXT 

FRAMEUSING CURRENT 
SEARCH LOCATION 

  

  

  

  

  

    

  

  

    

  

    

    

  

  

    

  

ERICSSON v. UNILOC 
Ex. 1009 / Page 1 of 13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Jan. 9, 2001 Sheet 1 of 5 US 6,172,970 B1 

BLOCK DACRAM OF THE TWO-BRANCH ANTENNA MULT-DIVERSITY RECEIVER, 

ANT. 1 
FRONT END 
RF CIRCUIT 

FULLY-DIGITAL 
TDMA BURST 
DEMODULATOR 

MULT-DIVERSITY 
BASEBAND PROCESSOR 

PACS DOWNLINK FRAMESTRUCTURE 

SYNCHSC PC DATA CRC PC 

SYNCH: SYNCHRONOUS BITS SC: SYSTEM CONTROL AND SUPERVISORY BITS FC: FAST CHANNEL DATA 
CRC: ERROR DETECTION PC: POWER CONTROL 

FIG. 2 

  

  

  

  

ERICSSON v. UNILOC 
Ex. 1009 / Page 2 of 13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Jan. 9, 2001 Sheet 2 of 5 US 6,172,970 B1 

THE IRC ALCORTHM WITH TWO ANTENNAS 

INITIAL SETUP (B1, B2, B3) 
ESTIMATE A1, A2, 0 

(FIND COPHASED STARTING POINT) 
INITIAL SETUP, 

= 0 + T 
(CANCEL INTERFERER) 

ESTMATE A1, A DURING 
BURSTS (B4, B3) 

SEARCH FOR O DURING 
BURSTS (B2, B1) 

NO COHERENT DEMODULATION (BO) 
YES (CONTINUE 
(SEARCH SEARCH) 
IS LOST) 3rdPOOR. 

USING 
SELECTION 
DIVERSITY 

NO 
(REVERSE PHASE 

TO CANCEL SEs OF ADD - OUPUIRECEIVEDDAIA conut Niyi 
FRAME USING CURRENT 

SEARCH LOCATION 

(LOCKED TO goE 
STRONG INTERFERER) PASS 

  

  

  

  

    

      

  

  

  

    

  

  

  

  

  

  

  

ERICSSON v. UNILOC 
Ex. 1009 / Page 3 of 13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Jan. 9, 2001 Sheet 3 of 5 US 6,172,970 B1 

LINK PERFORMANCE UNDER FLAT. FADING 

x NO DIVERSITY (DIFF) o SELECTION DIVERSITY 
+ NO DIVERSITY (COH) : EQUAL GAIN COMBINING 

10 12 14 16 18 20 22 24 26 28 50 

AVERAGE Eb/No (dB) 

FIG. 4 

  

ERICSSON v. UNILOC 
Ex. 1009 / Page 4 of 13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Jan. 9, 2001 Sheet 4 of 5 US 6,172,970 B1 

LINK PERFORMANCE UNDER FLAT. FADING WITH CO-CHANNEL INTERFERENCE 

x NO DIVERSITY o SELECTION DIVERSITY 
+ EQUAL GAIN COMBINING - SMART COMBINING 

- fo = 6HZ ----- f = 1Hz 

5 10 15 20 25 50 

AVERAGE SIR (dB) 

FIG. 5 

  

ERICSSON v. UNILOC 
Ex. 1009 / Page 5 of 13

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


