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information carried within a communication signal,
_ [0004] The input digital signal 102 is provided to a feed-forward linear filter (FFE)
25 104, After f)assing the FFE 104, the thus-filtered input signal 106 can be represented

-as Y(n) by the formula shown in Equation (1):
Y(n)=d, +n, +isi, )
- In Equation (1), d, is the data to be recovered from the input digital signal 102, n, is

white noise in the tnput digital signal 102, and isi, is the inter-symbol-interference
30 component of the input digital signal 102. The inter-symbol-interference component
is nominally cancelled out by the decision feedback filter (DFE) 108. In Figure 1, the
DFE input 110 comes from a simple slicer 112. However, phase jitter in the output of
the FFE 104 reduces the effectiveness of the DFE output in canceling out the inter-
symbol-interference in the FEE 104 output. |
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in the FFE 104 output. 1 SUVWARY [00051 In accordance
with an aspect, a decision feedback equalizer is
configured to equalize an input signal to generate a
recovered output signal. Linear feed-forward 5 filter
circuitry is configured to grovide alinearly filtered

out put signal based on the 253 gnal . Conposite

tr

coy o] JHAERARIE Wi ek ARl T RS ionfigured 1o
| e@gualtm@nlmmé aighyl tb geubrito pwegodtered btigues gnadulmetr feed-forward

551 B cRPc RBitka es gma Blced e e B on e
gem@;nﬁts%qmbmo%eﬁ%%ﬁélm&o&&meﬁ %oﬁﬁﬁlrkd ® I%@egg 28 hBined

relative to the conbined signal, to provid
t r éignpksthalgs baked ontqoutbirsitign af atdsast thpuinesry febﬂ}é'oﬂwarcbﬁltered
k.filter circui osite

Or oML SisRa 3ha bR SERRES: et SnPiietueedtisel Mt aong.

p I Quddi@ande Patht skl ndfrich ResRated b Hioc@sfsﬂgrheco%ﬂjmmﬂﬁghs diagram
signal, based on the state netrics, as the decoded

10 outr iavedp dlrregombisedBRpEk t@ES@RIeIIrtrﬁfﬂw dFJO?IIHEOIDWL\MgSL@SaS input to

a_conventj.onal
f eotmient atohr et ReDRLERI @ GEOUD G B SR Foif dyeop
Fl girculiry h’,wﬁlrtﬁblsdﬂnﬁgﬁ‘éd HS progide aﬁﬁfﬁduﬁdr hﬁs%'dut;ﬁlt deme@dBmbined
in place of a sinple slicer. [0008] E
i | Figaely based on thsoitate Bistes, 35 the deqored @ﬁ?‘éicﬁ&‘ﬂal hat
conforms to an ATSC 20 standard. [00091 Fig. 4
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[0009] Fig. 4 illustrates a decision feedback equalizer system in which a carrier

recovery loop portion 1s included, as well as an equalizer portion.
[0010] Fig. 5 illustrates an equalizer in which a carrier recovery loop is placed after
the FFE,

25 [0011] Fig. 6 illustrates a composite trellis decoder being employed in place of a
simple slicer or of a partial trellis decoder.
[0012] Fig. 7 shows a system ideal constellation of 8VSB for a jitter-free condition.
[0013] Fig. 8 illustrates an example of the constellation of 8VSB under a phase jitter
condition.

30 [0014] Fig. 9 illustrates a composite trellis slicer.
[0015] Fig. 10 illustrates a simulation model of phase jitter.
[0016] Fig. 11 illustrates simulation resuits, of decoding using a decoder like the Fig.

6 decoder, of the simulation model of Fig. 10.
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30 [00141 Fig. 9 illustrates a conposite trellis
slicer. 10015] Fig. 10 illustrates a sinulation nodel
of phase jitter. [0016] Fig. 11 illustrates simulation
results, of decoding using a decoder like the Fig. 6
decoder, of the sinulation nodel of Fig. 10. 2 1
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[0021] Let . denote the signal carrier frequency and w; denote the local carrier
frequency. The carrier offset Aw is characterized as shown in Equation (2):
An = - W (2)
Thus, the mput to the equalizer portion 404 (i.e., the output of the carrier recovery

loop 402) can be expressed as r(n)e”™*" . If W(n) denotes the FFE 406 output, then:
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[0024] From equation (3), it can be seen that the
phyggeg%ﬁeﬂ@ edptat p@umi@t,mtgqﬂynl@mterference Even if the inter-

15 symbol-interference could approach zero, the equalizer output will still contain a
phase factor, which will lower the signal—to-noiée ratio of the final output.
[0024] From equation (3), it can be seen that the phase property of the FFE input 102
(using the reference numerals of Figs. 1 and 2) can be transparently transferred to the
FFE output 106. For example, as shown in Fig. 5, the carrier recovery loop (shown as
20 502 in Fig. 5) can be moved to after the FFE. However, with this structure, the phase
factor is still an issue for the slicing functionality. In addition, function blocks ahead
of the FFE (for example, a channel estimator) will be operating under the carrier
- offset condition.
[0025] For decoding a signal encoded according to a continuous phase modulation
25 (CPM) encoding scheme, R. Huff proposed a composite trellis concept for carrier
recovery based on the inherent phase trellis structure of CPM. See US Patent No.
5,974,091, issued October 26, 1999. Huff also discloses generalizing the composite
trellis concept to other modulation schemes.
[0026] Referring to Fig. 6, the inventor has realized that the composite trellis decoder
30 technique (composite trellis decoder 602) can be utilized to process the output of the
FFE 604 and of the DFE 606. Referring to Fig. 9 as well, from the output of the FFE
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less than #/16, the partial trellis slicer works well and is not very much affected by
phase jitter. When the maximum offset valﬁe reaches 7/8, however, the performance
of the partial trellis slicer is obviously degraded. When the maximum offset value
reaches /4, the performance of the partial trellis slicer is overwhelmed by the phase
jitter effect, while the composite trellis decoder still works well under the same

condition.
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Patent No. 5,974,091, incorporated herein by reference
inits entirety. As nentioned above, in the Fig. 9
conposite trellis decoder, the same output of the
state netrics conparator 902 is used to determ ne
each of the equalizer output 608 and the signal 610

t o Wies dbdgiknedss:i nput to the DFE 606. It can be said,
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t he i npitdte siegiml as the deddedoutp@iriddanear feedback filter
cio%cui try; conposite trellis decoder circuitry
confi gu qualizsy geelaign & ¥heinned signal that is based

on a conRinat i i X .
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input to the non-linear feedback <Tircuitry; an
preeipgeing: parti cul ar phase out put of the combi ned

si gnal

’Iinggr?ye gqu%ﬂzi%@ %he input signal to provide a linearly equalized output
signal based on the input signal; |
| processing a combined signal that is based on a combination of at least the
Iinearly feed-forward filtered output signal and on output of linear or non-linear
feedback filter circuitry, in accordance with state metrics generated by processing a
composite treflis diagram relative to the combined signal, to
provide a trellis-decoded output signal as input to the linear or non-
linear feedback circuitry; and
provide a particular phase output of the combined signal, based on the
state metrics, as the decoded output signal.
4. The method of claim 3, further comprising;
offsctting time-dependent phase information from the input signal prior to the

input signal being linearly equalized.




15 state netrics, as the decoded output signal. 2. The
equal i zer of claim1l, wherein: carrier recovery
circuitry is configured to offset tine-dependent phase
information fromthe input signal prior to the input
sigpal being provided to the linear equalizer

ci reui t rhpe methbeyl of clgimPpphsieinf  decodi ng an i nput

signal t d - ofe) put sianal ..
compri sith o s SRR Rtbo Bk BRR siegt <o
prdvi de Taelmdteay diiclaqsakihgash:out put  signal based on
the input signal; processing a conbined signal that is
based oﬁhf‘atr%lg?rﬁlimé?d eeEngEtiqng gignalip encogsd peogeding ip a process
f eegdy. iy [ o t... of
3| e ARy o LA AR e RO R P standara
accordance with state netrics generated by processing
a conposite trellis diagramrelative to the conbi ned
signal, to provide a trellis-decoded output signal as
~input to the linear or non- |inear feedback circuitry;
and 30 provide a particul ar phase output of the '
conmbi ned signal, based on the state netrics, as the
decoded output signal. 4. The nethod of claim 3,
further conprising: offsetting tine-dependent phase
information fromthe input-signal prior to the input
signal being linearly equalized. 6 5. The nethod of
claim3, wherein: the input signal is a
trellis-encoded comuni cations signal. 6. The nethod
of claim5, wherein: the trellis-encoded
comuni cations signal is encoded according to a
process 5 substantially conpliant with an Advanced
Tel evi sion Systens Conm ttee standard. 7




