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CLOSED LOOP MIMO SYSTEMS AND METHODS

Field of the Invention

This invention generally relates to the field of wireless communications. More
specifically the inventions relate to closed Joop MIMO systems and methods,

Background of the Invention

- Known ways to facilitate wireless closed-loop MIMO communications include
broadband closed-loop MIMO and narrowband closed-loop MIMO as shown in Figure 1.
Broadband closed-loop MIMO includes many sub-bands. Each of these sub-bands
require MIMO channel feedback. As a result the feedback resources required for
broadband closed-loop MIMO can become quite large. Narrowband closéd-loop MIMO,
by comparison, includes one or a few sub-bands which results in smaller feedback
resources being required. Broadband and narrowband MIMO, therefore, have different
applications. As will be apparent to one skilled in the art of MIMO communications,
MIMO channel information feedback may be used for performing beam-forming.

In narrowband MIMO environments sounding can be achieved by compressing the
channel matrix information and feeding it back via a highly protected feedback channel
such as CQICH. In broadband MIMO environments, however, use of the CQICH is not
efficient for sounding.

A need exists for an improved system and method for providing wireless closed-loop
MIMO communications.

Summary of the Invention

It is an object of the invention to provide a closed-loop MIMO system and method that
uses pilot signals to perform channel sounding.

It is an object of the invention to provide a closed-loop MIMO system and method
including round trip channel sounding. In accordance with one embodiment of the
b invention the system and method are applied to the downlink channel. In accordance
with another embodiment of the invention the system and method are applied to the
uplink channel. In accordance with an embodiment of the invention the system and
method are applied to both the downlink and uplink channels.

It is an object of the invention to provide a closed-loop MIMO system and method that
enables a basestation to estimate the downlink or uplink channels. In accordance with an
embodiment of the invention that basestation may estimate both the downlink and uplink
channels.
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It is an object of the invention to provide a closed-loop MIMO system and method that
enables a basestation to separate the downlink or uplink channels. In accordance with an
embodiment of the invention the basestation may separate the downlink and uplink
channels.

It is an object of the invention to provide a closed-loop MIMO system and method
including a sounding pilot arrangement.

) It is an object of the invention to provide a closed-loop MIMO system and method for
facilitating broad-band beam-forming.

- It is an object of the invention to provide a closed-loop MIMO system and method where
broad-band sounding can be performed in the frequency domain.

It is an object of the invention to provide a closed-loop MIMO system and method that
enables a mobile subscriber station to send a sounding symbol and insert transponder
pilot samples received from the downlink channel therein.

It is an object of the invention to provide a closed-loop MIMO system and method that is
applicable to time division duplexing.

It is an object of the invention to provide a closed-loop MIMO system and method that is
applicable to frequency division duplexing.

It is an object of the invention to provide a closed-loop MIMO system and method that
allows calibration of the transmit and receive RF chains

Detailed Description of Embodiments of the Invention

The following describes embodiments of broad-band closed loop MIMO systems and
methods for use in accordance with the IEEE 802.16(e) and IEEE 802.11(n) standards
which standards which are hereby incorporated by reference. The broader inventions set
out in the summary and claims are not limited in this regard, however, and may be
applicable to other wireless environments including those operating in accordance with
the 3GPP and 3GPP2 standards.

Figure 2 shows broad-band closed loop MIMO communications in terms of time and
frequency in accordance with an embodiment of the invention.

Figure 3 shows a schematic diagram of a closed-loop MIMO architecture in accordance
with an embodiment of the invention including round trip pilot relay channel sounding.

Figure 4 shows a down link pilot, uplink pilot, pre-code pilot, transponder pilot
construction for a SISO arrangement. As depicted therein the following set of pilots may
be used for the sounding pilots: downlink pilot; uplink pilot; pre-code pilot; and

Poavae memastdad b LIODTA £umere 3 1B leammeme Pmble eme e AL AR D~

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g 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
O 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,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

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

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

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.

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




