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precoding methods, such as the TH and trellis precodings, the
new precoding

PN NAALER AR ALY AT ALAL RERRC AL R R RPN ORI LN R R ey

i) may be independent of the ISI channel;

ii) is linear and does not have to implement any modulo
operation;

gives the ideal FIR equalization at the receiver for any FIR
ISI channel including spectral-null channels;

expands the transmission bandwidth in a minimum
amount.

i)
iv)

The precoding is built on nonmaximally decimated multirate
filterbanks. Based on multirate filterbank theory, we present
a necessary and sufficient condition on an FIR ISI transfer
function in terms of its zero set such that there is a linear FIR
N x A precoder so that an ideal FIR equalizer exists, where
the integers A" and ¥ are arbitrarily fixed. The condition is
easy to check. As a consequence of the condition, for any given
FIR ISI transfer function (not identically 0), there always exist
such linear FIR precoders. Moreover, for almost all given FIR
ISI transfer functions, there exist linear FIR precoders with size
N % (N —1}, ie., the bandwidth is expanded by 1/¥. In addition
to the conditions on the ISI transfer functions, a method for the
design of the linear FIR precoders and the ideal FIR equalizers
is also given. Numerical examples are presented to illustrate the
theory.

[ INTRODUCTION

NTERSYMBOL interference (IST) is a common problem
Iin telecommunication systems, such as terrestrial television
broadeasting, digital data communication systems, and cellular
mobile commumcation systems. The main reasons for the ISI
are because of high-speed transmission and multipath fading.
There have been considerable studies for these problems, such
as [1]-129] and [33]-[40]. These studies can be primarily split
into three categories:

i) post equalization, such as least-mean-squared (LMS)
equalizer and decision feedback equalization (DFE), for
example, [1]-{3], [18]-{29], and [36]-[39];
multicarrier modulation to mcrease transmission sym-
bol length, for example, [4]{6];

i)

Manuscript received September 2, 1995; revised April 18, 1997. The
associate editor coordinating the review of this paper and approving it for
publication was Prof. Roberto H. Bamberger.
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and Forney [9], [10], matched spectral null pre
in partial response channels [12], and other pre
schemes, for example, [13]-[17] and [40].

The basic idea for DFE 1s that once an mformation
has been detected, the TSI that it causes on future symbx
be estimated and subtracted out prior to symbol detectio
usually consists of a feedforward filter and feedbacl
The feedback filter is driven by decisions of the outpu
detector, and its coefficients are adjusted to cancel the
the current symbol that results from past detected symbc
coefficient adjustment may be done via a linear equaliz
LMS algorithms. The convergence of these iterative alg:
are dependent of the channel characteristics. When a ch
spectral null or frequency selective fading, these algorit]
very slow and, therefore, become computationally exp
The performance of the existing linear equalizers signif
degrades over frequency selective fading channels. Al
DFE has better performance than the existing linear eq
when the frequency fading is in the middle of a pa
it deoes not offer much improvement in other fading
For more details, see, for example, [3] and [35] |
equalization techniques, there are many research resul
for example, [18]-[29] and [36]-[39] on blind equals
where charmel characteristics are assumed unknown. I
equalization techniques, there are approximately three
of results:

1) hgh-order statistics techniques;

1) second-order cyclostationary statistics technique
oversampling;

u1) antenna array (smart antenna) multireceiver tech

where there 1s a considerable amount of overlaps betw

and 1ii).

A block diagram for TH precoding is shown in Fig. 1
the basic i1dea 13 to equalize the signal before transm
With TH precoding there are two drawbacks: 1) The tran
needs to know the channel characteristics, and ii) the pre
18 not reliable when the ISI chamnel () has spectral
frequency selective fading characteristics, which 1s 1
the pre-equalizer mod[1/H(z), M] oscillates in a d
way when {7} is close to zero. The trellis precoding :
proposed by Eyuboglu and Forney [9] whitens the nois:
equalizer output. This scheme combines precoding anc

1053-587X/97$10.00 © 1997 IEEE
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Fig. 2. Nonmaximally decimated multirate filterbank in a communication
channel with ISL

shaping. There are also similar drawbacks about this approach.

1) The transmitter also needs to know the ISI channel
characteristics.

1) The trellis shaping depends on the ISI channel.

1i1) The trellis precoding technique may not be suitable for
spectral-null channels either.

In the matched spectral null precoding scheme [12] in partial
response channels, certain error control codes are chosen to
match the spectral nulls of partial response channels in order to
lose less signal information through the channel. This approach
is mainly for magnetic recording systems.

We now propose a multirate filterbank as a precoder before
transmission (shown in Fig. 2), where | K indicates downsam-
pling by K, and T N indicates upsampling by V, i.e., inserting
N — 1 zeros between two adjacent samples, and H(z) is the
ISI transfer function. Later, we will see a multirate filterbank
decoder for the receiver to eliminate the ISL If input signal
z[n] in Fig. 2 can be completely recovered from the received
signal Z[n] through an FIR linear system, we call that the
system in Fig. 2 has perfect reconstruction (PR) or an FIR
ideal linear equalizer. In what follows, we use “precoder” and
“multirate filterbank™ interchangeably.

With the precoder proposed in Fig. 2, there are three ques-
tions to be answered:

1) What is the condition on H(z) such that there exists
a multirate filterbank with N channels and decimation
by K in Fig. 2 so that z[n] can be recovered from Z[n]
through an FIR linear system?

i) If the condition on H(z) in the first question is satisfied,
how does one design a multirate filterbank in Fig. 2 to
eliminate the ISI?

1i1) If both of these two problems are solved, how does the
receiver recover the input signal x[n] from the received
Z[n]?

B Y N
equivalent to the fractionally spaced equalizer studi
example, [36]-[39], where the receiver needs to sa
signal NV times faster than the baud sampling. When .
the precoding concept has appeared in [39] by Tsatsa
Giannakis, where the precoder Gy(z) = ¢;,{ =0, 1,
for N constants ¢; was used. As we can see, the «
K =1 1s a very special case in our precoding schen
moreover, our new precoding scheme in Fig. 2 provide
potential precoders ((z),l = 0,1,---, N — 1 rath
only constants ¢;, which allows one to search the optin
with respect to an individual channel.

When K > N and there are NV interference channels
of a single channel H(z) in Fig. 2, a detailed analys
given by Nguyen [31]. When K > [V, as mentio
[31], PR is impossible, but partial alias cancellation filte
were proposed in [31]. The applications discussed in [
in wide-band radio communications, where only part
signal frequencies is of interest to the user. In this
we are interested in applications in the ISI channels v
systems in Fig. 2 and, therefore, the case of K < ]
also mmplies that unlike the existing precoding techniq
new precoding expands the transmission bandwidth, w
what we lose for the new precoding method, and fortt
we will show that the bandwidth expansion can be a
as possible in theory.

An intuitive way to reduce the ISI generated from a 1
H(z) is to smoothly interpolate x[n] with a large
number of interpolations between samples of z[n] |
the interpolated one has the lowpass property. Howev
drawbacks about this approach may occur. One is
usually requires a large amount of increasing of de
(number of interpolations between samples). The o
that a good frequency band structure for a nonlowpas
as bandpass, filter H(z) is required for PR. In this
we want to solve the above three problems systemse
Given two integers 0 < K < NN, we present a ne
and sufficient condition (see Theorem 1) on an FII
H(z) such that there exists an FIR nonmaximally dec
multirate filterbank with /N channels and decimation b
that 2[n] can be recovered from Z[n] in Fig. 2 with
synthesis bank. The condition we found is basically very
In fact, it can be proved that for any given FIR filte
not identically 0, there always exists an FIR nonma:
decimated multirate filterbank in Fig. 2 for recoverir

Authorized licensed use limited to: Boston Spa Staff [DSC]. Downloaded on November 17,2020 at 07:47:08 UTC from IEEE Xplore. Restrictions ap|

Supplied by the British Library 17 Nov 2020, 08:18 (GMT)

Petitioner's Exh
P

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




