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Background of the Invention

Radiotelephone systems are commonly employed
to provide voice and data communications to a plurality
of mobile units or subscribers. For example, analog
cellular radiotelephone_systems, such as designated
AMPS, ETACS, NMT-450, and NMT-300, have been deployed
successfully throughout the world. More recently,
digital cellular radiotelephone systems such as
designated IS-54B in North America and the pan-European
GSM system have been introduced. These systems, and
others, are described, for'example, in the book titled
Cellular Radio Systems by Balston, et al., published by
Artech House, Norwood, MA., 1993. |

As illustrated in Figure 1, a cellular
radiotelephone communication system 20 as in the prior
art includes one or more mobile stations or units 21,
one or more base stations 23 and a mobile telephone
switching office (MTSO) 25. Although only three cells
36 are shown in Figure 1, a typical cellular network
may comprise hundreds of base stations, thousands of
radiotelephones and more than one MTS0. Each cell will
have allocated to it one or more dedicated control
channels and one or more voice channels. Through the
cellular network 20, a duplex radio communication link
32 may be effected between two mobile stations 21 or,

-between a radiotelephone 21 and a landline telephone

user 33. The function of the base station 23 is
commonly to handle the radio communication with the
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transm ssion tQ@ntrol group 37, or RCG, and an exchange radio
interface (ERI) 38. The ERI 38 receives data from the
10 RCG 37 and transfers it to the MTSO 25 on a dedicated
link 45, and receives data from the MTSO 25 and sends
it the RCG 37 for subsequent transmission to a
radiotelephone 21. The radio control gfoup 37 includes
electronic equipment necessary to effect radio
15 communications, includiné one or more transmitters 54
and receivers 55. The transmitters 54 and the
receivers 55 transmit and receive radiotelephone
communications signals 70 via antennas 63, 65, which
are desirably mounted at some distance above the
20 ground.
A typical radiotelephone 21 as in the prior
art is illustrated in Figure 3. The radiotelephone 21
typically includes many of same kind of communications
components found at a base station 23, such as a
25 transmitter 54 and receiver 55. Typically, the
transmitter 54 and receiver 55 share a common
transmit/receive antenna 64, which may be mounted on
the radiotelephone 21 or on other structures such as
vehicles. Typically, the antenna 64 is an omni-

30 directional antenna which, although having generally
low gain in comparison to directional antennas, allows
the user to operate the radiotelephone 21 at convenient
orientations. Other components of a typical
radiotelephone 21, such as a controller, keypad,

35 -display, microphone and speaker are not shown in Figure
3.
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impractical. A satellite radiotelephone system 100
10 typically includes one or more satellites 110 which
serve as relays or transponders between one or more
earth stations 130 and radiotelephones 120. The
satellite communicates radiotelephone communications
over duplex links 170, 180 to radiotelephones 21 and
15 the earth station 130. The earth station may in turn
be connected to a public switched telephone network 30,
allowing communications between satellite
radiotelephones, and communications between satellite
 radio telephdnes and conventional terrestrial cellular
20 radiotelephones or landline telephones. The satellite
radiotelephone system may utilize a single antenna beam
covering the entire area served by the system, or, as
shown, the satellite may be designed such that it
_ prbaﬁces multiple minimally-overlapping beams 150, each
25 serving distinct geographical coverage areas 160 in the
system’s service region. Thus, a cellular architecture
similar to that used in terrestrial cellular
- radiotélephone systems may be provided.
Traditional analog radiotelephone systems
30 typically employ frequency division multiple access
{FDMA), wherein a radiotelephone communications channel
includes one or more carrier frequency bands which are
dedicated to a user for the duration of a particular
session or call. To provide greater channel capacity
35  and to more efficiently use the radio spectrum,
however, many conventional radiotelephone systems
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systems a351gn users one or more unique spreading
codes, each of which corresponds to a coded modulation
sequence used in transmitting radiotelephone
communications signals. The coded modulation "spreads®
the transmitted signals in the frequency domain, and a
receiving station uses the same code to "despread® the
coded signals and recover the transmitted
communications. Thus, in a typical TDMA system, a
radiotelephone communications channel includes one or
more time slots allocated on one or more carrier
frequency bands, while in a typical CbMA system, a
channel includes a spreading code/carrier frequency
combination.

As illustrated in Figure 5, a transmitting

station 500 typically includes a transmit processor 510
which processes radiotelephone communications 505 to
produce a communications symbol sequence 515
corresponding to the radiotelephone communications 505.
This sequence is typically is communicated over a
radiotelephone communications channel 520, producing a
sequence of communications symbol data 525 at a
receiving station 501. The receiving station 501
typically includes a receive processor 530 which
processes the data sequence 525 produced by the
radiotelephone communications channel 520 to recover
radiotelephone communications 635. Those skilled in
tﬁe‘art will understand that transmitting station 500
and receiving station 501 may be base stations,
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Elements of the radiotelephone communications
10 channel 520 affect the transfer characteristic 522.
These elements include the signal transmission medium
72, i.e., the atmospheric signal path across which
radiotelephone communications signals 70 are
transmitted, which may introduce fading and
15 interference into the radiotelephone communications
signals 70. The fading may include long-term fading
due to variations in terrain along the signal
propagation path, as well as short-term multipath
fading due to reflections from features such as
20 buildings which cause fluctuations in received signal
strength and other distortions at a receiving station.
Mobile terrestrial radiotelephone communications are
particularly susceptible to short-term multipath fading
_ because the signal pathways tend to be close to the
25 ground. - Satellite-to-ground communications may also be
susceptible to interference from surrounding man-made
and natural features, as well as other types of signal
- losses, such as those caused by the Doppler shift
associated with signals communicated to and from a
30 communications satellite moving at a high speed with
respect to the radiotelephones it serves. Other
elements of the channel 520 which may affect the
transfer characteristic 522 include tramsmitting and
receiving components commonly found in base stations,
35  satellites, earth stations, radiotelephones and the
iike, such as transmitters 54, transmit antenrias 63,
receive antennas 65, receivers 55.
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whi ch processes; hdil okl €RBONBeC HFTHRIIEADIM i vimPrathtnds spaced
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dat a sequence 5eembingdcan bhet Feceddesd dice@nslde@dhfutiate thanfiel 520
to recover ;g4 fading. Similarly, radiotelephone communications
signals may be transmitted and received using diverse
polarizations and combined at the receiver to take
advantage of the low correlation of fading between
signals of differing polqrizations. Despite the
15 theoretical advantages of these types of diversity
reception, however, sufficient diversity gain may not
‘be possible because of limitations on antenna
placement. _
The modulation/demodulation scheme
20 implemented in the transmitter 54 and receiver 55 can
also affect the performance of the radiotelephone
communications channel 520. Some modulation schemes
provide better performance in a fading environment; but
conventional modulation techniques generally provide
25 poor performance without the use of coding. Several
coding schemes have been proposed to reduce the effects
of fading, but these coding schemes tend to require
coherent detection which may be difficult in
applications where there are high levels of
30 interference. In addition, these coding techniques may
require complex signal processing to recover the
radiotelephone communications, creating processing
delays which may be unacceptable in certain
applications.
35 -~ Another technique for compensating for the
éffgcts of fading in a radiotelephone is to transmit a
known pilot signal or tone over at a certain frequency
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signals 70. The fading,may Jinclude_ |ong-termfading due to variatidons in
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However, a portion of the transmit spectrum

10 typically must be allocated to the pilot tone, a task
which may be problematic. If the tone is placed at a
frequency band edge, it can suffer distortion and
interference from adjacent frequency bands. If the
tone is placed in the center of the frequency band, it

15 may limit the choice of-modulation schemes to those
schemes which provide for a spectral notch around the
carrier band center frequency.

As illustrated in Figure 6, an alternative to
using a pilot tone is to use its time domain analog,

20 i.e., a sequence of pilot symbols which is interleaved
with information symbols which carry voice, data and
other informaﬁion, a technique which is often referred
to as pilot symbol assisted modulation (PSAM). An
encoder 610 typically encodes the radiotelephone

25 communications 505 to produce a sequence of information

symbols 615. A multiplexer 620 interleaves this

sequence with a sequence of predetermined pilot symbols

602 to produce an interleaved PSAM communications

symbol sequence 515. The PSAM communications symbol

30 sequence 515 is communicated over the radiotelephone
communications channel 520, producing a data sequence
525 at the receiving station. A decimator 630
separates pilot symbol data 632 corresponding to the
transmitted pilot symbols from information symbol data

35 634 corresponding to the transmitted information
'Symbols. The pilot symbol data 634 is passed through
an interpolator 650, typically a lowpass filter, which
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| osses, |nclud%g% Rician Fading Channels”, by Moher et al., IEEE

10 Journal on Selected Areas in Communications, vol. 7,
No. 9, December 198%, and in "An Analysis of Pilot
Symbol Assisted Modulation for Rayleigh Fading
Channels”, by Cavers, IEEE Transactions on Vehicular
Technology, vol. 40, no. 4, November 1991.

15 Pilot symbol assisted modulation can provide
improved immunity to fading, but may have several
drawbacks. In general, the error probability of symbol
estimates tends to increase for those symbols which are
the furthest distance from the pilot symbols in the

20 symbol sequence, contributing to the overall bit error
rate for radiotelephone communications communicated
over the channel. In order to reduce the bit error
rate, pilot symbols may be inserted in the symbol
sequence at a smaller intervals to reduce the

25 separation between the pilot symbols and to increase

the accuracy of the estimated channel transfer

characteristic. As pilot symbols generally have no
information content, however, increasing the frequency
of pilot symbeols in the transmitted symbol seguence can

30 reduce the potential information capacity of the
channel, which may in turn reduce the number of
channels which can provided in the system and the
quality of each channel. Adding pilot symbols may also
reduce power efficiency by wasting transmit power in

35 non-informational symbols. In addition, the optimal
iﬁterpolating filter which is generally needed to
recégnize the full benefit of PSAM may have hundreds of
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It is another object of the present invention

to provide systems and methods for communicating
radiotelephone communications over a radiotelephone
communications channel which achieve a desired bit
error rate while requiring less information capacity
15 reduction than pilot symbol assisted modulation (PSAM)
and other conventional channel compensation techniques.

It is another object of the present invention

to provide systems and methods for communicating
~ radiotelephone communications over a radiotelephone
20 communications channel which may achieve a desired bit
errxor rate with greater power efficiency than pilot
symbol assisted modulation (PSAM) and other
conventional channel compensation techniques which
_ achieve a comparable error rate.
25 It is another object of the present invention
to provide systems and methods for communicating
radiotelephone communications over a'radiotelephone
communications channel which may achieve a desired bit
error rate without requiring a complex optimal
30 estimating filter. _

These objects, advantages and features are
provided in the present invention by radiotelephone
communications systems and methods which employ a data-
augmented, pilot-symbol-assisted estimate of a

35 &radiotelephone communications channel transfer

characteristic to decode radiotelephone communications
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it can suffer dpduwalisy ofdpredetermined pilot symbols. The transfer
characteristic of the radiotelephone communications
channel is estimated from the predetermined pilot
10 symbols and a data sequence including data
corresponding to both the pilot symbols and the
communication symbols, thus resulting in a data-
augmented estimation of the channel transfer
characteristic. The estimation of the channel
15 characteristic preferabl§ includes an iterative
estimation of information symbols and the channel
characteristic, wherein estimates of information
symbols are generated from previously estimated
information symbols, and newly estimated information
20 symbols are used to generate new estimates of the
channel transfer characteristic.

By using information symbol data to augment
pilot symbol data in estimating the channel transfer
characteristic, the present invention can provide a

25 lower bit error rate than a pure pilot symbol based
estimate for a given frequency of pilot symbols in the
communication symbol sequence. Accordingly, a desired
bit error rate may be achieved with greater information
and power efficiency because less information capacity
30 and power is wasted in transmitting non-informational

pilot symbols. In addition, a desired bit error rate
may be achieved without the use of a complex optimal
transfer characteristic estimating filter.
In particular, a radiotelephone
35 -communications system according to the present
invention processes radiotelephone communications to
proﬁuce a PSAM communications symbol sequence, the PSAM
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to using a | ot

seqﬂehcg OprI|O B%Hﬁﬁﬁ%éﬁﬁq %iﬁké\ %gvé%gmﬁﬁﬁi %n% ?&H?S%ﬁ&?

whi ch carry v0|cPraﬁﬂhﬁnmmeﬁfRﬂ1Q¢ﬁ$Ymk@l%nln§¢¥b§hﬁﬁéuUlWhl@h is often

referred to as pghgh lo 2SS 153 vaeh e sk g@lg §@%@ §th goder 610
era | O

typically encode | ot el ephone 25 connunlcat 5 to~produce a
sequence of i nfof HQE¢¥%HHRQQ;QEEWUQQQEH%?%ﬁexe?hBZBSPHt6PW&§%&§Q§%Q¥S

sequence W thsa geaIRIIC yeRfudiasalwd tdRsupi ¢ otedYPeLSat2ddio R adchean
i nterl eaved PSAM connunlég%ﬁons nbol :h uence 515. The PSAM
cormuni cations s¥ apnel i cEFBRSESEr t he

radi ot el eéphone cQmmmacnﬁﬁxyricyuﬂhgﬁeﬁﬁwpr¢m@dungng geQaéﬁcae@gence 525 at
corr espondi ng t o R PHERHIHL oL Srbat Sors ShnEhAg) BB on symbol dat a
35 634 corresponqpm@un;qaﬂgdrSﬁqnﬁnQ§xbﬁr#QmmmmiOatS9nbaygboIbe piflidiot
symbol data 634 Lgmas ehed) UMb BPLS! PL1880syhEBLET! Lia? | OWpass
’ information symbol data, corresponding to information

symbols, are identified in the sequence of

communications symbol data. An estimate of the

transfer characteristic of the radiotelephone

I nterference frog%% j acent frequency bands. If the tone is p

15 communications channel is generated from the pilot
symbol data and the information symbol data. Estimates
of information symbols are generated from the
corresponding information symbol data and the estimate
of the transfer characteristic. Radiotelephone

20 communicaﬁions are decoded from the generated estimates
of the information symbols.

| Generating an estimate of the transfer
characteristic preferably includes generating an
estimate of a transfer characteristic of the

25 radiotelephone communications channel from the pilot

- symbol data, as in conventional DSAM. Additional

estimates of the transfer characteristic may be .

generated by identifying a group of ihformation symbol

data corresponding to a group of informétion symbols,

30 generating estimates of the group of identified
information symbols from the group of information
symbol data and a previously generated estimate of the
radiotelephone communications channel transfer
characteristic, and generating a new estimate of the

35 transfer characteristic from the pilot symbol data, the
“information symbol data, and previously generated
estimates of information symbols. In this manner,
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channel . In ordér uce ) k
data corresponding to a group of information symbols

10 adjacent previously estimated information symbols. The

identified group may also be a group of information
symbol data corresponding to a group of information
symbols in the sequence of symbols for which estimates
of the group of informatipn symbols, generated from the
15 group of information symbol data and a previous
estimate of the radiotelephone communications channel
transfer characteristic, have an associated error - .
probability less than a predetermined threshold.

Brief Description of the Drawings
20 Some of the objects and advantages of the

pfesent invention having been stated, others will be
more fully understood from the detailed description
that follows and by reference to the accompanying
drawings in whlch
25 Figure 1 schematically illustrates a
terrestrial cellular radiotelephone communications as
in the prior art; _
Figure 2 schematically illustrates a cellular
radiotelephone base station as in the prior art;
30 Figure 3 schematically illustrates a
radiotelephone as in the prior art;
Figure 4 schematically illustrates a
satellite radiotelephone communications system as in

‘the prior art;



rate, pilqt85¥32§%§7nay.be inserted in the synbol sequence at#%fﬁﬁymﬁ%m
intervals t ‘the 25 separation between the pilot synbol's and to
increase the accuracy of the estimated chaqggL transfer characteristic. As
pil ot synbols generally have no information~Content, however, increasing

the frequency of pilot synhe Ergn5tggﬂéﬁ?€¥3%#¥?j§?ﬁ rgﬁﬁgence can 30

Teduce the potential infornmation capacity channel’, “Whr'ch may in turn
reduce the nunberadiotalapbpsenwsPERusdsasionsiayen a eadistehephdnehe

qual i ty of each chagh calddhadchiahfle1s W ald dHY AR0: gflice pover

efficiency by wasting transmt power in 35 non-in or_mat i onal synbols. In
addition, the optimal inteFpEhgei fgschematigaldy il lpsrates Rddatd to

recogni ze thesgf ub{mBsnehikisteBSANITRY ldphidH Hcturdfcat i s 945 39R5¢he
PCT/ US97/ 06490 -9- taps_and may present practical difficulties in

I mpl enent ati on. E%hﬂﬁr?rﬁf the Invention In light of the foregoing, it is
an object of 5 the present Figugst 7oschematddadd s \isiianst wace sedheds f or

communi cating r a9t &}, eR0E; ¢ QTUPLERY W% 1W¥a Tadiotelephone
communications according to the present invention;

10 Figure 8 schematically illustrates generation
of an interleaved PSAM communications symbol sequence
according to the present invention;

Figure 9 schematically illustrates
information symbol estimate generating according to the

15  present invention;

Figure 10 illustrates operations for
iterative generating of a radiotelephone channel
.transfer characteristic and information symbols
according to the present invention; and

20 . _ Figures 11A-11C illustrates data-augmented,
pilot-symbol-assisted estimation of a radiotelephone
communications channel transfer characteristic.

Detailed Description
The present invention now will be described

25 more fully hereinafter with reference to the
~accompanying drawings, in which embodiments of the
invention are shown. This invention may, however, be
embodied in many different forms and should not be
construed as limited to the embodiments set forth

30 herein; rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like
elements throughout.

35 ", As illustrated in Figure 7, a radiotelephone
communications system 700 according to the present
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i nterferen s associated with the radi otel ephone co ' - -
o So8é? THCHRERR,

¢channel . 1 - It is another object of the present
provi de systens and net hods for connunica;%gg r adi ot el ephone communi cati ons
over a radiotel ephone comuni cations channef whi ch achieve a desired bit

érror rate whil, ol | ' Ci . reduction than

pi l ot synbol a S?‘é%g%ﬁl‘énﬂﬁ%% |<(§)%é( %Egggpg@ﬁgr c%}éﬁn\g}gﬁﬁa%ﬂ’ﬁnschannel
conpensati on t griodepeing Inedss a0 hea vsfléotedephbaepcopenn iicattninson t o
provide SVStem%Hgghéfﬂfﬁﬁﬁ éﬂﬁ_&9??%%&92&&&97Pi&ﬁ?%eEEE@W@%%E ations

over a radiotelephone 20 communi cati©ohs channel | >h nmay ac € a desired
bit error rate Zadirtplephongorrmenicatines whashpingludespslymiedi st ed

modul at i on EPSAME 2Nl hefy Deg \iRsanoNab 0 ¢ hepankfeenpaAFAbteR- 1RGN ques
whi ch achi eve a conparable error rate. 2 I S anot her obj ect

5 \ | t,
of the present § £& IERP IR AR MEIRE e A 0 andEREMBEL OF0 SYB®RHUN cat i ng
radi ot el ephone egyiMtie afendsaing weansi D5 ephanenCormarical isgRpaahannel

opti mal 30 est ARRIHS 119817 Hise b cbtat ok dhbRags Rt SRR ¢
provi ded in t heyresssing means ohldypraduces| aphSAM communications
10 symbol sequence 715 which is communicated over the
radiotelephone communications channel 520 to produce a
sequence of communications symbol data 725 at the
apparatus 701. Symbol data identifying means 730
identifies pilot symbol data 732 and information symbol
15 data 732 in the data sequence 725, and information
symbol estimate generating means 750 generates
information symbol estimates 755 corresponding to
information symbols in the original PSAM communications
symbol sequence 715, based on transfer characteristic
20 estimates 745 generated by transfer characteristic
estimate generating means 740. Decoding means 760
decodes radiotelephone communications 765 from the
information symbol estimates 755. Those skilled in the
art will understand that the apparatus for recovering
25 PSAM radiotelephone communications 701 may be included
in a radiotelephone, base station, satellite, earth
station, or similar radiotelephone communications
station.
Radiotelephone communications processing
30 means 710 processes radiotelephone communications 705
to produce a PSAM communications symbol sequence 715
including a plurality of predetermined pilot sywbols P
interleaved with a plurality of information symbols I
corresponding to the radiotelephone communications 705.
35 Those skilled in the art will understand that the
radiotelephone communications 705 may include voice,
data' or other information, and may take the form of
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a data sequence r Nt,ls di gf;elienho éﬁgﬁgj' ' received over
t he channel . Fadi%ﬁéﬁégh%%gggg%ﬁu%%%gi|ongg' e engggg%&ggi%?gﬁﬁﬂf
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wth a plurality of predeterm ned pilot synmbols. The transtfer
characteristic of8tfe PEAABELRGpR0TE it i Phsintermaties sywbaised

fromthe predes errepedsphtdhgl@hey radistalephaid acsmfiueicLr i Hg5Ugpeg data
Fesul ting i na davetiaboReRPeaa! PR A (e GRRTRICIeerRRer
characteristic. anmmsniqgtiopsoﬂOShQOUdeﬁ#g:Eb(anyznﬁeﬂiﬁﬂmbeﬁr@ferably
char act or st o, ey EngShEHBhER] Shhl"o Hdad), DI eiff it 0y £ng7"e
quadrature phase shift keying, trellis coding and the
10 1like, and the information symbols I may take several
forms, including single bit symbols and multi-bit
symbol formats.
The information symbols I in sequence 815
produced by coding means 810 may be interleaved with
15 predetermined pilot symbols P by interleaving means
820, producing a PSAM communications symbol sequence
. 715 which includes the information symbol sequence 815§
. interleaved with predetermined pilot symbols P. The
- predetermined pilot symbols may, for exampie, be all
~ 20 -the same, form a fixed sequence, or have randomly
”assigned values. Pilot symbols P may be interleaved
in the sequence at a fixed interval or according to
other interleaving schemes, such as adaptive spacing.
Those skilled in the art will appreciate that
25 radiotelephone communications processing means 710 may
include special purpose analog or digital hardware,
software running on general purpose hardware, or
combinations thereof.
) The PSAM communications symbol sequence 715
30 produced by the processing means 710 of Figure 7 is
communicated over the radiotelephone communications
channel 520, producing a cowmunications symbol data
~sequence 725. The radiotelephone communications
channel 520 may include signal paths over which the
35 symbol sequence is communicated, in particular, the
atmospheric transmission media through which radio
frequency signals representing the PSAM communications
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of the channel. transfer characteristic. By using information synbol data to

augnment pilot synbol data in estimating thegchannel transfer
characteristic, the present invention can provide a 25 |lower bit error rate

than a pure pilgymsynrbebqhened ¢35i Apbechansmigicwen fremuency of pilot
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PCT/ US97/ 06490 yyilng CoapHRhE 2k i QA1 S¥APRAL . Sequeace sidahud ng .l wal ity of
will appreciate that these communications components

10 may include special purpose analog and digital
hardware, software running on general purpose
processors and combinations thereof.

The radiotelephone communications channel
520 has an associated transfer characteristic 522,

15 representing a relationship between the communications
data 725 produced by the channel 520 and the PSAM
communications symbol sequence 715 input into the
channel $520. The channel transfer characteristic 522
preferably includes the complex gain, i.e., the

20 relative magnitude and phase of the ocutput of
radiotelephone channel 520 with respect to the input of
the channel 520. Those skilled in the art will
appreciate that the radiotelephone communications
channel 520 may include various sources of noise,

25 interference and distortion, such as reflected radio
waves, electromagnetic disturbances and interfering
signals from other communications channels using the
same media, which affect the gain of the radiotelephone
communications channel 520 by inducing signal loss,

30 phase distortion and the like.

The symbol data identifying means 730 of

Figure 7 identifies pilot symbol data 732,
corresponding to predetermined pilot symbols P in the
PSAM communications symbol sequence 715, and

35 4information symbol data 734, corresponding to
information symbols I in the PSAM communications symbol
seqﬁence 715, in the sequence of communications data
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are identified i -Jgﬁpqaq%&§§i§g§ sygdot-dat An estinmate
of the transfer %ﬁ%?ﬁ%?gﬁ-s?%% 2?’t e radiote eﬁ%one 15rcongﬁﬁications
channel is generinEgrmasiorhsypiiadt dakmd34ata and the information synbo
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Char act er i ot i o GFSPREAIEUFATRS! EVEBAN S SOIRHES o2E7 RRCLRafePY rom the
pil ot synbol datproaessingomeams Giidl, Fxm thkliinteemaeion naysbodf daha
transfer cha{@ctgghsgha QBY D@ sfer characteristic estimate 745 of the
radiotelephone communications channel 520 generated by
a transfer characteristic estimate generating means
740. As illustrated in Figure 9, information symbol
estimate generating means 750 may, for example, include
15 decision means 920 for determining whether information -
symbol data 734 corresponding to a particular
information symbol represents one of a number of
discrete symbol values. The decision boundaries used
in the decision méans 920 may be modified based on the
20 transfer characteristic estimate 745, generated by
transfer characteristic estimate generating means 740.
Information symbol estimate generating means 750 may
also include a delay means 910 which compensates for
~ delay associated with generating a transfer
25 characteristic estimate 745 in transfer characteristic
| estimate generating means 740.

' The decoding means 760 of Figure 7 decodes
ra&iotelephone communications 765 from the information
symbol estimates 755. Those skilled in the art will

30 understand that decoding means 760 may include means
for decoding the information symbol estimates 755 which
are inverse to the means employed in the coding means
810 of Figure 8, thus recovering radiotelephone
communications 765 in the same form as the

35 radiotelephone communications 705 input into the coding

‘means 810. However, those skilled in the art will also
understand that other coding schemes, format
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communications 765 in the form of digital data having a

10 compressed format.

The transfer characteristic estimate
generating means 740 of Figure 7 estimates the transfer
characteristic 522 of the radiotelephone communications
channel 520 from the pilot symbol data 732, the

15 information symbol data 734, and the predetermined
pilot symbols 702, thus implementing a data-augmented,
pilot-symbol-assisted estimation of the transfer
characteristic 522. Preferably, the estimated transfer
characteristic 745 is iteratively generated from pilot

20 symbol data 732, information symbol data 734,
predetermined pilot symbols 702 and previously
generated information symbol estimates 755. Those
skilled in the art will understand that transfer
characteristic estimate generating means 740, as well

25 as symbol data identifying means 730, information
symbol estimate generating means 750 and decoding means
760, méy include special purpose analog or digital
hardware, software running on general purpose hardware,
or combinations thereof. Preferably, all may be

30 implemented in software running on a general or special
purpose processor.

Detailed operations for generating
information symbol estimates 755 based on an
iteratively generated transfer characteristic estimate

35 '745 are illustrated in detail in Figure 10 (Block
1000). A first estimate of the transfer characteristic
is génerated from the pilot symbol data 732 and the
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Figure 1 schemati t3FPFMRERQD: sYTbol, data, NQHzﬁOrQuHEQ@Pephone

connunlcatlonssa51nﬁorhatmbnosymbblsFugumheZESNMHﬁﬂmMEﬂldh&iéﬁ§téﬁ&ﬁéla
Figure 3 sohenat| SSREYOCEL a8 deeoam AdeBrartashhr L™ A9 prior art:
Figure 4 schenat|E%tiyabesugﬁﬁapéstalgagﬁhw@t@framﬁmnmaﬂﬂunK5ymbols are
communi cations SYShe §ankRathl BY hfdthation symbol estimate
generating means 740, based on the first estimate of
10 the transfer characteristic (Block 1030). If all of
the desired information symbol estimates have yet to be
obtained (Block 1040), a new transfer characteristic
estimate is then generated from the pilot symbol data,
the information symbol data, and the information symbol
15 estimates (Block 1050).. This results in another group
of information symbol data being identified (Block
1020) and estimated (Block 1030). The operations of
Blocks 1130-1150 are repeated until all desired
information symbol estimates are obtained (Block 1060).
20 By this procedure, information symbol
estimateé 745 are generated using an iterative
estimation of the transfer characteristic 522, in which
each succeeding estimate 745 of the transfer
characteristic 522 is augmented by previous estimates
25 755 of information symbols. In part because of the
. discrete-valued nature of the information symbols,
iterative estimation accofding to the present invention
uses higher-confidence estimates of certain information
symbols in the PSAM communications symbol sequence 715
30 to obtain more accurate estimates of lower-confidence
symbols in the sequence 715. In particular, as
illustrated in Figure 113, estimates of information
symbols which are adjacent pilot symbols in the PSAM
communications symbol sequence 715 obtained from on a
35 pilot-symbol based estimate 1110 of the transfer
“-.characteristic 522 generally have a lower error
probability than estimates for symbols more distant
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Fi gures 11A—11%&%#%ﬁ§%%é§S%Qgé%%géﬂgﬁgnggg? BbFo ?§9ﬁ38F-assisted
estimation of &hﬂﬂﬁqﬁeﬂiﬁﬁiﬂm§%%nn&ﬁitblushsaCHénhalFﬁgam&f&ﬂBa The
charact eri sti ¢ nRpteatd fthteLIIPIheP THEnPHESEBEal BYEGLLADARQW W, be

descri bed

accurate estimates of remaining information symbols.

10 Preferably, the group of information symbol data
identified in each iteration of Figure 10 includes
information symbol data corresponding to information
symbols adjacent to predetermined pilot symbols or
previously estimated information symbols in the PSaM

15 communications symbol seqﬁence 715. Iterative
estimation of the information symbols may thus proceed
along the lines suggested by the arrows of Figure 11B.
The group of identified symbols in each iteration may
also include subgroups of adjacent information symbols

20 in the sequence 715, as indicated in Figure 11C.

‘In addition to identifying information symbol
data based on the location of the corresponding
information symbols in the sequence 715, the
information symbol data may be identified with respect

25 to quality criteria associated with the corresponding

information symbol estimates, such as maximum bit error

probability. For example, each identified group may
include information symbol data corresponding to
information symbols for which information symbol

30 estimates, based on the current transfer characteristic
estimate, have an associated bit error probability less
than a predetermined threshold.

The radiotelephone processing means 710, the
transfer characteristic estimate generating means 740

35 and the information symbol estimate generating means
7§o_may also operate in such a way as to achieve a
desired bit error rate in the information symbol
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a radi ot el eplfoneexamplej chheofiseqhencyl wikd wiidharchepmibdtissyiiioliorare
recoveri ng PSAM | o] ' el ' el ynbol 5 data
I denti fying neahg@€%8¥§%§g§s$grE%Eg?gégg%kgaﬁgﬁgg%gﬁ% e’%&ﬁ%?gi?%ﬁu%%%ﬁs
740, informatio gy kst chasengtrefshinyentadesized dnd i efvonataos
synbol _decodi ng giBpsly d&0imdBEohadketekeranaged IMMUN LA AR QRRSS] N9

means 710 produces a PSAM conmuni cati ons
estimate generating means 750 and transfer

10 characteristic estimate generating means 740, and
assuming the radiotelephone communications channel 520
imparts additive white Gaussian noise,

In the drawings and specification, there have
been disclosed typical preferred embodiments of the

15 invention and, although specific terms are employed,
they are used in a generic and descriptive sense only
and not for purposes of limitation, the scope of the
invention being set forth in the following claims.



10 synbol sequence 715 which is co ‘igagm'[qsmg BEEN {r adi ot el ephone
comuni cat § nnel 520 to produce a's of ccnnunic§§g®§ ol r -
data 725 a?ggigggggafa%us~701. Synba| Bp ++-11gJ nNeans ?@@% 1 fies

pilot synmb nd i nformation synpé)_15 data 732 in the data

sequence 7¥ ll m on synbol estinale generating neans 750

generates | |  estq r Fﬁﬁging to information
s WHIGR £O %%% sequence 715, based on

synbol s in the original PSAM comuni cations_synbg
transfer characteristic 20 esthdtlat 79¥npehcpastatsd wedndation

characteri sti ¢ (@einMyBte HRAGE Bdpikh S@Bfimid Dca DE6AS| Rec HBANS LY i%g%ggs
I estia

r adi ot el ephone onnunlcatngns 65 fromthe information synbo
755. Those ski th&d S%R$HE%rt will understand that the apparatus for

recovering 25 PSAM r adi otyetsipding oraidib €8l épRend OdommiinbeatRehkded, in a
radi ot el ephgne i i m

b estaté' satelljte,.earth station, or simlar
r adi ot el eph nepaﬁaaﬁﬁtﬁﬂlégk;%ﬁ@ﬁ??ﬁfa?éﬂ?%t RonBSEBRRGRR c b0 REAM
processi ng 30 nammndiuhqjanﬁxﬂymbwkuﬁemmén@eoﬁeckpdhngigaplﬁﬂ&li@§ib& f
d PSA| I ity o
b ocuce o PSR ARIAN S IR hoaRSte LB A 1LY

pr edet er m ned ot s P interlt plural i of i nformation
synbol s | corrpdpaadiity of tinformabien cpymbel e orebnesentong ¥BB. 35 Those

skilled in the ad; Mdilegifd Ltld il 18s;
10 communicating the PSAM communications symbol
sequence over a radiotelephone communications channel

having a transfer characteristic to thereby produce a
sequence of communications symbol data representing the
communicated sequence of communication symbols;

15 identifying pilot symbol data corresponding
to pilot symbols and information symbol data
corresponding to information symbols, in the sequence
of communications symbol data;

generating a data-augmented estimate of the

20 transfer characteristic from the pilot symbol data and
the information symbol data;

generating estimates of information symbols
from the corresponding information symbol data and the
generated estimate of the transfer characteristic; and

25 decoding radiotelephone communications from
the generated estimates of the information symbols.

2. A method according to Claim 1 wherein
said step of generating a data-augmented estimate of
the transfer characteristic comprises the step of

30 generating an estimate of the transfer characteristic

from the pilot symbol data.

3. A method according to Claim 2 wherein
said step of generating a data-augmented estimate of
the transfer characteristic comprises the steps of:
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I nformati on, "take the form of
PCT/ US97/ 06490 anal og signals, digital signﬁéi_or conbi nati ons thereof. As
a

shown in Figure 8. the radiotel ephone commur tions 705 nay be processed

i n codi ng nmeans 810, produci nge of i Lon _synmbols | 5
Tepresenting the radiotele I catTo 57 n a may
LA g cat e s EBRRA L LS KR

encode t he radi odeltephaarespondinptions §FoGupcobr iinfigrmation sfmbolisgber
of codi ng schenes, such as }ji S | eykn q t ue phase
shift keying, trellis ;xgﬂré%%ggﬁ%#ﬁg?f%s??ﬁ%§e§n%ktg%ei#?gpﬁa?%on synbol s |
may take several identdfied|infionratien eSsyrbolsnbten the gupup- Bift synbol
formats. The gnf QryFRjruit i dl'&@&WCS?iévi?b@gﬂé?e§e@ér%%@d19 means
810 may be interleaved with 1 redet erm ned pil ot sgnbo s P by
i nterl eavi ng meafStaRRte FLR c ArteridhicsyABd sequence 715
whi ch includes the i nfor migenerstiieg eagewnest Sidtenber tRav edanister
predeterm ned pil ot synbol,s P. The predeter ned pil ot _ synbols may, for
exampl e, be all %ﬂ%§§ﬁ£ﬁ§t¥QH£%?ﬁ#égﬁmpﬁgégeﬁ¥£$°grdﬁg9e ﬁﬁﬁﬁaﬁFfd

estimates of information symbols, and the information

10 symbol data.

radi ot el ep.ho&%gg%ni cations 705 may llmllm«’mlsu!l!umlat a -or O EFbser/06490 -

4. A method according to Claim 3 wherein
said step of identifying a group of information symbol
data comprises the step of identifying a group of
information symbol data- corresponding to a group of

15 information symbols adjacent pilot symbols in the PSam
. communications symbol sequence.

5. A method according to Claim 3 wherein
. said step of identifying a group of information symbol
data comprises the step of identifying a group of
20 information symbols data corresponding to a group of
information symbols adjacent previously estimated
information symbols in the PSAM communications symbol

sequence.

6. A method according to Claim 3 wherein
25 said step of identifying a group of information symbol
- data comprises the step of identifying a group of
information symbol data corresponding to a group of
information symbols in the PSAM communications symbol
sequence such that estimates of the group of
30 information symbols, generated from the group of
information symbol data and a previous estimate of the
transfer characteristic, have an associated errorxr
2prcbability less than a predetermined threshold.



j n the sequence at a

Nejnes, S?E% tive-
f€ thatj 25 radiote gp one
co ieat | rocessi ng neans 710 may j{gjude specral purpose anal og or
di g{q‘]mumﬂugi&uglu&mrmre runni ng on general purpose hardware, or
conbi c i The PSAM éﬁﬁgﬁn ty I ence, 715 30
produced by the processin neaﬁg 0 6§@-|§€?gé¥ﬂ$§ gggﬁgngigFﬁé over the

r adi ot el ephon@s&3Fhad MATWAL IPmNRFAN) cragioteteRBOREEcOMuUNi cat i ons

synbol data segrgites cbdb.ondlerFanli Dt @brRIOISa €0FRENEGAbLANGaghannel 520 may
I ncl ude signal paths over which the 35 synbol sequence is conmunicated, in

particul ar, tREDRERGHFFRTETFHINT &i CPHYRF SRERORAI SHMPRdi o
frequency si geelguienzie esemidmig-dthel RSAM conradi 68élepEone WO 97/ 39557

PCT/ US97/ 06490 _-16- .S ol _ .se ce 715 ar ransm tted. ;The radi otel ephone

conmmuni cat i ongog’ﬁ‘glr?r%e a%sriac&’ nsegl ikhifltf’oi %%n%%%éﬁ%%ggacﬁrﬁgs ul at or s,

transmtters, chararteyistdeni wires  PSRfochneuni cat sogaasypbotesequence
including a sequence of information symbols interleaved

assi gned val ues. Pilot synmbols P
fixed interyggl ccording to other
spacrngT_TﬁgggmB +ed in the art w

with a plurality of predetermined pilot symbols, the
10 method comprising the steps of:
identifying pilot symbol data corresponding
to pilot symbols and information symbel data
corresponding to information symbols, in the sequence
of communications symbol data;

15 generating a daté~augmented estimate of the
transfer characteristic from the pilot symbol data and
the information symbol data;

' generating estimates of information symbols
of the PSAM communications symbol sequence from the

20 information symbol data and the generated estimate of
the transfer characteristic; and

decoding the radiotelephone communications
from the generated estimates of the information

symbols.

25 8. A method according to Claim 7 wherein
sald step of generating a data-augmented estimate of
the transfer characteristic comprises the step of
generating an estimate of the transfer characteristic
from the pilot symbol data.

30 9. A method according to Claim 8 wherein
said step of generating the transfer characteristic
comprises the steps of:

LS identifying a group of information symbol
daéa corresponding to a group of information symbols of

35 the PéAM communications symbol sequence;
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5 and ot her =gt | ONS corrponentslM !&l ku& al og and pehiyoh .éﬁ‘@“
si gnal paths through which the PSAM c m ll igﬁbol sequence ﬁ%y

be communi cated, using various signal forns,c Those skilled in the art will
appreci ate that these comuni cati ons conponénts 10 may i ncl ude speci al

pur pose anal og and digitabéygygﬁyﬂ§ éﬁggﬂg€§%{6¥wgﬁgﬁgpo eneral purpose
e radi ot el epho cg?mﬂ

processors and c¢onbi nati ons thereof”. I cations
channel 520 hasliBRORESSACR &ymhodfsfigon Hraarourtof Hefordstienr esent i ng

a rel ationship seimweendalta @@aﬂaﬂpyﬁﬂﬂaﬁgEyﬂééﬂggéﬁg@dgg@ﬂm ¥et§% EE%pnm
520 and the PS congunic%%%pn sy.nhal sequence 715 input 1nto the channel
520. The channelr*?PEhEFeF"EFES tSic preferably includes the

complex gairs i.e., the 2@enehaitivey rRgew Wit anstdesecd thgngubput of

r adi ot el ephone it respect t.g the i f. the channel 520.
Those skil | ed i‘gﬂ wggegF?%%t\rﬂ‘lic gﬁ%?"e%?’a‘"t pilen %‘@P?Lio‘?%‘iaa cpeRazated
conmuni cat i ons estdmates20fmipfiompiatdon aymbed ssounmmetid 1WFSEmatdon

i nterference aq%yﬂﬁéiogghgq, such as refl ected radi o waves, el ectronagnetic
di sturbances and intertering signals from other comrunications channels
usi ng the sane nedia, which affect the gain of the radi otel ephone

communi cations channel 5280by Andldehda SicddaidP o WV MMASE FsioiLion and
the Iike.

10 said step of identifying a group of information symbol
data comprises the step of identifying a group of
information symbols data corresponding to a group of
information symbols adjacent pilot symbols in the PSAM
communications symbol sequence.

15 11. A method according to Claim 9 wherein
said step of identifying a group of information symbol
data comprises the step of identifying a group of
informatiqn symbols data correspondihg to a group of
information symbols adjacent previously estimated

20 information symbols in the PSAM communications symbol
sequence.

12. A method according to Claim 9 wherein
said step of identifying a group of information symbol
data comprises the step of identifying a group of

25 Cinformation symbol data corresponding to a group of
information symbols in the PSAM communications symbol
sequence such that estimates of the group of
information symbols, generated from the group of
information symbol data and a previous estimate of the

30 transfer characteristic, have an associated error
probability less than a predetermined threshold. -



The synbol data identifying nmeans 730 offHig SUEET {4 Eﬂm Ies pilot synbol
0

data 732, I ding to predeterm ned pil I n qg%%%‘ .o
WO $§P fation s nbo?ﬂﬁé a Z?

conmmunicati ol—sequence 715, an&-35..i

corr ' Lnfaormation synbols | ifbéhe PSAM comuni cati ons synmbo
sequéEEj@BﬁimmmHH’Eequence of comunications data WD 97/39557
PCT/ U C w o Lr 5.1313r effrn%%?/o%tgf égg_t&%tgﬂ%ggl gg_ghls% Ing means 730

deci mates the communi cations s ata sequence sepa ing the pilot
synbol data 7ShagasheHE T (et iAAgHPberHape ¢gwmupications The

information syragneastirgM & AN dd b NMESEmiRIcHeN8hA! §HmbBh OGIRY ON
synbol estimtes 755 cqrresponq#ggzto the information synggFg&IB?%%the PSAM

communi cat i onERFRFE hd@ SHERRRRY BY"BLBLE_ELRYSedama10, from
t he infornsti eomeymieatdal vt tie arsdtot e beshene cBanpaheEhStbasest i nat e

745 of the radiotel ephqQne conmpuni cati,ons channel . 520.generated_by a
transfer chargbﬁﬁﬁigﬁgﬂg%ﬁﬁﬁ£%§%;éﬁﬂeﬁ?rﬁf””%ﬂ§c9gbgn§ssﬁgpﬁétrated in
Figure 9, infoepreisemtsiyigha peistotneteniypheassisgedeandulafiony (pEam)
exanpl e, 'nClggﬁmunications symbol sequence including a plurality of

pilot symbols interleaved with a plurality of
10 information symbols, the method coﬁprising the steps
of:
identifying pilot symbol data and information
symbol data in the sequence of communications symbol
data, the pilot symbol data corresponding to pilot
15 symbols in the PSAM communications symbol sequence and
" the information symbol data corresponding to
information symbols in the PSAM communications symbol
sequence; and ' :
generating a data-augmented estimate of the
20 transfer characteristic from the pilot symbol data and
the information symbol data.

14. A method according to Claim 13 wherein
said step of generating a data-augmented estimate of
" the transfer characteristic comprises the steps of:

25 generating a first estimate of the transfer
characteristic from the pilot symbol data;

) identifying a group of information symbol
data corresponding to a group of information gymbols in
the PSAM communications symbol sequence;

30 generating estimates of the group of
information symbols from the group of information
symbol data and the first estimate of the transfer
characteristic; and

generating an estimate of the transfer

35 characteristic from the group of information symbol
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15 deci si on 0 fﬂuuﬂiu I l et her information syngbrEsmeiont
correspondlﬁgsﬁg %%garJ ﬁ I l n synbol represents one of a nunber

‘of discrete synbol val ues. “The deci'si on boy?garies used in the decision
means 920 may be nDdlfled based on the 20 ransfer characteristic estinate
745, generat ed A" Bhe %éﬁé‘fé@éasébﬁlﬁéké gobe eneidyl Jpans 740.

‘I nformation sy nate ener ati1 ng neans Iude a del ay
means 910 mhlchJé3nﬂ@ﬁ%h@%sSY@b°H§Fay associ at ed mnth generating a transfer
25 characteristic estimate 745 in transfer characteristic estimte
generating nmeans 740. The decodlng ﬂe ns 760 _of Flgur 7 decodes ,

r adi ot el ephone conmuni cat+dns ¥6BF PRECFARBENG WRST @R es

755. Those sKi Hmlétéﬁl%ﬂréeﬁ\éfétﬁﬂg ﬁndatat—aﬁdmbh%bdd%(‘s(ﬂtﬂitms 760
may i ncl ude for de odi t he_informa EﬁEDO' est,i mat eg 755 whi ch

are inverseqxaH ?ﬁﬂcFﬁrfﬁélﬁogPﬁﬁ afS"®TF 5615 FlfurEEePS ¢ hus

recovering raduxﬁﬁlephone connunlcatlons 765 in the sane formas the 35

hose skil1ed in the art serneafoshdiiiotl ReblB B2 RGPS il "

f or mat data corresponding to a group of information symbols in
the PSAM communications symbol sequence;
10 generating estimates of the new group of

information symbols from a previous estimate of the
transfer characteristic; and
generating a new estimate of the transfer
characteristic of the radiotelephone communications
15 channel from the new group of information symbol data
and the generated estimates of the new group of
information symbols.

16. A method accordiﬁg to Claim 15 wherein
said step of identifying a group of information symbol-
20 data comprises the step of identifying a group of
information symbol data corresponding to a group of
information symbols adjacent pilot symbols in the PSAM
communications symbol sequence.

17. A method according to Claim 15:

25 | wherein said step of identifying a group of
“information symbol data comprlses the step of
1dent1fy1ng a group of information symbol data
corresponding to a group of information symbols
adjacent pilot symbols in the PSAM communications

30 symboi sequence; and

wherein said step of identifying a new group
of information symbol data comprises the step of
identifying a new group of information symbol data
corresponding to a new group of information symbols



wo 97/ 39557 U"l“l; u“lu ml uuL PCT/ US97/ 06490 - 18-
conver si ongoandeszrhe processi ng may be usedecrtisyTiobsdo -

present invenition which result |n production of received radiotel ephone
comuni cations 765 having format and conggot different fromthe 5
r adi ot el ephone communi cations 705 i nput at codi ng nmeans 810. For ~exanpl e,

i nput radi ot elcEpiwne cpﬁwnbﬁalyoasdﬂﬁtea iRESr@EPion ARARA e or
mstrunentatlﬁg1 é%ﬁgﬁ na% ultg gygg éecovered as radlote ep one
conmuni cat i orts*€7 THBTEDE AP fOBFg Ctat§IMERSFg a 10 conpressed
format. The transfer characteristic estinmate generating nmeans 740 of Figure
7 estinmates the transf t e LHadiotel e one

conmmuni cati ons channelegao fégﬁégﬁba éﬁc?% n% EQ Cég 73%4

i nf ormati on §ﬁﬂﬁﬂsﬁﬁﬂepﬁBMdeah§thegpﬂeHEDBpnpﬁednﬁpmmauquﬂxﬂymﬁﬂmi t hus

| pl ement isng g Pt ds @@f@@éeeihep&eg éfn?aéne&%ﬁr}rxgd tl%ﬂ of the

transfer characteristic 522. Prefer the es
characterlst@@fPEW4%#?¥e$EW¢Q%I?aﬁénﬁPEFEQPPPé#FS'F@taZGrQypﬂmﬁ data 732,

i nformation gyHtmstaicn 7s%b@lgd£ﬁefné Npgani behmm'eaha&@@ sﬁﬁtﬂxﬂ evi ously

gener at ed |nfornat|on S esti nat es se skille e art wll
under stand t f%§5 h%p%it%?F%??Eeﬁs?Fnﬁgé ggﬁHPaP%ng means 740, as
wel | lnformatlon symbols, generated from the group of

10 information symbol data and the first estimate of the
transfer characteristic, have an associated error
probability less than a predetermined threshold.

19. & method acdbrding to Claim 15:
wherein said step of identifying a group of
15 information symbol data comprises the step of
identifying a group of information symbol data
corresponding to a group of information symbols in the
PSAM communications symbol sequence such that estimates
of the group of information symbols, generated from the
20 group of information symbol data and the first estimate
of the transfer characteristic, have an associated
error probability less than a predetermined threshold;
and
wherein said step of identifying a new group
25 of information symbol data comprises the step of
identifying a new group of information symbol data
corresponding to a new group of information symbols in
the PSAM communications symbol sequence'such that
estimates of the new group of information symbols,
30 generated from the group of information symbol data and
the previous estimate of the transfer characteristic,
have an associated error probability less than a

predetermined threshold.



CET HAS BEEN
D synbpl e§$¢
ce speci a purpose

25 as syqboi gg denti fying means 730 THR
gener ' ~and decodi ng neans 7§60,

‘a na o) |taI hardmare software run THg_on general purpose hardware,
Muﬁ'ﬂ Preferably, all may be 30 inplenmented in software

_runn ci af BPsSERHR8eSaL s BEt tions for

generati ng |nfornat|on S ol es #%a?esygé baseésoggaﬁ4§&¥a. ngy

gener at ed tran§ﬁ§¥“@héﬁ %Q#?%?PboﬁgtFﬁﬁFBnBSa?AQD&réYﬂtFMbtrated in det ai
in Figure 10 (@l . Afirst estimate of the transfer characteristic
I S gener at ed fron1the pi data 732 and the WD 97/ 39557

synmbol
PCT/ US97/ 06490 - 19- prede’f%‘?h‘gﬁ%:&le phege §9WBBP§°?(§2°(‘|§| PUOCEFEPNIT as
typically msghindagmedaiar tgs».e&ée@@mgnfaeﬂatemebnbnesxtmlunawﬁtcﬁé to

estimation techn p_of |nfor tlon dat a corres ondi ng to
a group 5 inf&X WQﬁ1%Y§%ﬂﬁ SCPHRES 5 ﬁﬁﬁgggaFF8H§ F2i&bquence
715 i s then i desaM |crrdnrnitﬁin@d<ti]sﬁk2§)syﬁbolrrataqueﬁ65 dhcﬁhldﬁ.rxy aup of
i nformation synholS, s, tden  Senet ahanbY H248E MBLHRB1SY Tl A%
with a plurality of information symbols representing
10 the processed radiotelephone communications;

a radiotelephone communications channel which
communicates the PSAM communications symbol sequence
and produces a sequence of communications symbol data
representing the communicated sequence of communication

15 symbols, said radiotelephone communications channel
having an associated transfer characteristic;

symbol data identifying means, responsive to
said radiotelephone communications channel, for
identifying pilot symbol data corresponding to pilot

20 symbols and information symbol data corresponding to
informatién symbols, in said sequence of communications
symbol data;

transfer characteristic estimate generating
means, responsive to said symbol data identifying

25 means, for generating a data-augmented esgtimate of said
 transfer characteristic from said pilot symbol data and
said information symbol data; '
information symbol estimate generating means,
-responsive to said symbol data identifying means and
30 said transfer characteristic estimate generating means,
for generating estimates of information symbols from
the corresponding information symbol data and the
generated estimate of the transfer characteristic; and
decoding means, responsive to said
35 information symbol estimate generating means, for
decoding radiotelephone communications from the
generated estimates of the information symbols.
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char act LP?%@:@%}‘& vasoy. i TSI HEHRLS' 7o v i mogse

estimat es to be obtained (Bl bck" 1040, & new transfer
characteristic estimate is then generateg&jwnnthe pil ot synbol data, the

information symbol data, and the information synbol 15 estimates (Bl ock

1050). This results in ot her ' t. ol .dat a being

i dentified (Bl ock 1020) aZgn'ol gst&ﬁ%t%&d%d(}gzcﬁ{%ﬁ Tb%{e%o%%r‘g’{‘%ﬁ%nof

Bl ocks 1130- 1480dareansfeat ehaxradtexilst idesistoind e @eneranisynekns

estimat es arec%ﬂ%?i@%@_Q%E%%k;%%ﬁghné¥&tinq ap estiMatdl§ePLQEgAUre,
estimates 74 re

i nformati on sy ) are generated _us)ng an iterative
esti mation of traesfeansheradtariatdq Fnqm s38id ipilgh Symeheh dataeedi ng
estimate 745 of the transfer characteristic 522 is augnented by previous

estimates 25 755 of information synbols. N art‘Efcause of  the,

di screte-val ued nature &4-thé i%%’f%%‘?hﬁ"&?%%ﬁﬂ%%‘? 14312 ewhereidt i on
accordi ng to ghedpEeasRifem \¢hiirastardet i gharineand | ganeeaebihd Mmbagsof
certain information synbols in the PSAM conmmuni cations synbol sequence 715

30 to obtai n"°HBPE*EEECrate estimtes of |ower-confidence synbols in the
sequence 715. In particueans £o1 lidesthidiwichg a Gopur df A nEstmaniea of

om0 AT M e et R of e ioe udbenES
10 symbols;
means, responsive to said group identifying
means, for generating estimates of the group of
information symbols from the group of information
symbol data and a previously generated estimate of the
15 transfer characteristic; and
means, responsive to said group estimate
generating means, for generating a new estimate of the.:
transfer characteristic from said pilot symbol data,
generated estimates of information symbols, and said
20 information symbol data.

23. A system according to Claim 22 wherein
said group identifying means identifies a group of
"information symbol data corresponding to a group of
information symbols adjaéent said pilot symbols in said

25 PSAM communications symbol seqguence.

24. A system according to Claim 22 wherein
said group identifying means identifies a group of
information symbol data corresponding to a group of
information symbols adjacent previously estimated

30 information symbols in said PSAM communications symbol

sequence.



' THE§S
35 pilot-s ol ed estimate 1210 of t j&ﬁé S@ racter' |
general |-y M@?ﬁe error probabilityth g tes ffor sfr(ﬁﬁ?)‘?%w?}o&?g
- ant W97/
PCT/ mlmj Hﬁmnmyﬂwr om the pilot synbols*because the transfer
char te 10 | %gﬂg I ceur e
"synbol's. The informationfromth se‘%?g %Sgg%n d\‘(;ﬁcgi éd?gcbgF 1ﬁ‘bol
estimates, howewadd, gmeprbddesdd BYing feeans bdﬁ@ﬁﬁéé@$nﬁt§rgm200ﬁhe

transfer chara%hgbkﬁhbgoég%yﬁyblIdégar@5f¥gg fHgeed 1B ggggngw estimte

1120 may then be used to generate npre accurate estl mat es mai ni ng

i nf or mati on sy#pépymatdon enEhals in Hehe)r BEAM oFormeni aat Lonss giboldat a

identified En gaglienlcRr a;tddm tathFi B Bndile s N6E UERS §RE@HNBEI ON synbol data
corresponding to |nfornat| q?ols adj ace é %5 ﬁred ernlned |Iot
synbol s or pr evREREMG ??ﬁ? AP sSFHC t BECBRA

communi cat i Onslﬁtasbﬁdatiequemomﬁiaﬁa eatmlavepﬁsvimssl estmfnatheotfni:hl’erf&t i on
synbol s may thus_pr ng d e t . aLLows of Figure
11B. The gr oupggla%s%(eé%%ﬂ r%{)ieﬁ‘l‘swns%%c%gg’?egg #‘?‘r%? erro

probability less than a predetermlned threshold.

10 26. An apparatus for recovering pilot symbol
agssisted modulation (PSAM) radiotelephone
communications from a communications symbol data
sequence representing a PSAM communications symbol
sequence communicated over a radiotelephone

15 communications channel having an associated transfer
characteristic, the PSAM communications symbol sequence
including a sequence of information symbols interleaved
with a plurality of predetermined pilot symbols, the
apparatus comprising:

20 symbol data identifying means for identifying
pilot symbol data corresponding to pilot symbols and
information symbol data corresponding to information
symbols, in the sequence of communications symbol data;

transfer characteristic estimate generating

25 means, responsive to said symbol data identifying
means, for generating a data-augmented estimate of the
transfer characteristic from said pilot symbol data and
said information symbol data;

information symbol estimate generating means,

30 responsive to said symbol data identifying means and to
said transfer characteristic estimate generating means,
for generating estimates of information symbols of the
PSAM communications symbol sequence from said _
information symbol data and the generated estimate of

35 the transfer characteristic; and
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al so incl ude subgroupml ”mﬂm‘ﬂm ]“Lormatlon synbol s 20 in the sequence
715, as |nd|ca g s% dition to identifying EQ&ﬂkﬁﬁﬁ&ﬁg .
symnbol dat &Y n the 1 oéat'on® of* t he correspondi ng i nformation ‘synbol s

in the sequence 715, the information sngﬁandata may be identified with
respect 25 to quality criteria associated“with the correspondi ng

I nformati on synbol esti tes S S erro obablllty For
bl st §rRHS s TRLIRR Bl o CLL 0L BlOD

exanpl e, each identifie gro or mat ron dat a
cor r espondi ng indormiadrie |snmk533ntﬁﬂbs_madre vieneraniog meeana, sﬁmhol 30

estimates, bagad of e cr Al yr{cﬁ{@fc%mﬂﬁﬂ?{@&éféhétffoﬁsl:h te, have an

aSSOCIated bi t "error “proba | ess predeterm ned_threshol d. The
r adi ot el ephongepesesest ¢F Qhﬁa%4%9%%%#1%%a?¥BP@l$stlc estimte
generating nmeans 740 35 and t he |nfornat|on synbol estimate generating

means 750 nmay al so operate in such a way as to gphleve a desired bit error
rate in th& information Synbdi® APRAFFLUHSIGeording to Claim 26

PCT/ US97/ 0649Qhe%k1ne$alrmtt&&n7§£izv\ﬁdﬂafmﬁistﬁctéetiméaérmt i on synbols
in the PSANIconnunlgetlons nbol equenc 715, - based .
nerating Neans comprl es means for Séneratlng an
estimate of the transfer characteristic from said pilot

symbol data.

10 28. An apparatus according to Claim 27
wherein said transfer characteristic estimate
generating means comprisesi

means for identifying a group of information
symbol data corresponding to a group of information

15 symbols of the PSAM communications symbol sequence;

means, responsive to said group identifying
means, for generating estimates of the group of
information symbols from said group of information -
symbol data and a previously generated estimate of the

20 transfer characteristic; and

means, responsive to said symbol group

estimate generating means, for generating a new
" estimate of the transfer characteristic from said pilot

symbol data, generated estimates of information

25 symbols, and said information symbol data.

29. An apparatus according to Claim 28
wherein said group identifying means comprises means
for identifying a group of information symbols data
corresponding to a group of information symbols

30 adjacent pilot symbols in the PSAM communications

symbol sequence.



on assunpt.i ogg E@gg wamﬂwﬂglmamgt eristic 522 of the rapecpussrussne
connunlcatlons thannel l e, the frequency with which the

‘pilot symbols are interleaved in the PSAMggomuni cati ons synbol sequence
715 may be chosen to achieve a desired bit error rate given estinmation

criteria used in informati®n syrbgbpesitast gcaspaiall Bg Qﬁ, M0 and
transfer 10 characteristigc estlnate gen erating neans 740, and assum ng the

r adi ot el ephone WASHAIN SATD EEMRNHY n%ﬁgy?ﬂﬁaWF§n§dﬁPPPFésﬂﬁ1ﬂ?4&ﬁ65|an
noi se. In the gawidntityapec fgeatpoaf ihfoemhsyenbegmbdlsdpsed typical
preferred enbodi nents of i he hough specific terns are
enpl oyed, t hey “SF&FRSPIIRY, %%n%rgfg‘ééudggegn??ﬁ?‘f‘% geﬁw%(?ﬁﬁ/ and not for
pur poses of Sl i midjadent, previsawpty oéstimatedeinformbting symbiodret K n t he
foll owi ng cl ai f”#% ot synbol assisted
nodul ati on (Péﬂ% ra |ot(?eﬁﬁ§é§€%nnun ?%ngeﬂé?ﬁb% conprising the
steps of: processing radiotel ephone connunlcatlons to 5 produce a PSAM

conmuni cations synbol seqyuencean tiGpdnidh s oBLBLadhL00s &Yahal s3equence
including a plurality of
wherein said group identifying means identifies a group

of information symbol data corresponding to a group of
10 information symbols in the PSAM communications symbol
sequence such that estimates of said group of
information symbols, generated from said group of
information symbol data and a previous estimate of the
transfer characteristic, have an associated error
15 probability less than a predetermined threshold.



predeterm ned pilot synbols interleaved with a plurality of information
synbol s repregeswiossy. t he radi ot el ephone communi cations; 10 PCT/USY . -
comuni cati ng the PSAM conmuni cati ons synbol sequence over a radloteﬁggwbne
comuni cati ons channel having a transfer characteristic to thereby produce
a sequence of communi cations symbol dat gy fqepresenting the communi cat ed
sequence of communi cation synbols; 15 identifying pilot synbo
data corresponding to pilot synbols and information synbol data
corresponding to information synbols, in the sequence of comrunications
synbol data; generating a data-augnented estinmate of the 20 transfer
characteristic fromthe pilot synbol data as well as the information synbo
data; generating estimtes of information synbols fromthe correspondi ng

i nformation synbol data and the generated estimte of the transfer
characteristic; and 25 decodi ng radi ot el ephone comuni cati ons
fromthe generated estinmates of the information synbols. 2. A net hod
according to Claim1 wherein said stepfplcafn ating a data-augnented
estimate of the transfer 30 characterfts cohpri ses the step of
generating an estimate of the tranSfFﬂﬁﬂajﬁﬁﬁgFﬂrStic fromthe pilot synbo
data. 3. A net hod according to O a said step of generating a
dat a- augnented estimate of the transfer

20
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35 charact ery,st. nprises the steps of:
a group of in §r9ké?ﬁfsg

synbol s;

synbols fromthe group of 5 information synbol
generated estimate of the transfer characteristic;

n synbol

data corresponding to a group of
generating estimates of the gro/1df identified information

WO 97/ 39557 -23- identifying
n

data and a previously
and generating a new

estimate of the transfer charact&Tstc f1OM the prior synbot data,————"

generated estimates of informat{on synmbols, and the information 10

data. 4. A nethod according tb Claim3 [fherein sard step of TUenTfying R
group of information synbol data conpri seg e step of identifying a} groupl
of information synboll=fat a cairrespondi ng §o group of 15 inf¢rmatipn |
synbol s adj acent gni! synbol n the PSAM c ni cati ons synb¢l sequence.!
5. A method accordi to Claim 3 whergin|sai§l step of identifying af groyp
of information s olffffdat a conpri ses t%%step of id t@,fgi ng a}group} of gd’
I nformation synb a corresponding tdya oup ofd ©
ynmoss & esp g gf oup e ) 5 —- 5 |
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i nformation synbols adjacent previously estimated informati on synbols in
t.he PSAM comwoi9e/aessens synbol sequence. 6. A et hod accordi w%@w3 -
wherein 25 said step of identifying a group of information synbo 3ata
conprises the step of identifying a group/tf information synbol data
corresponding to a group of information synbols in the PSAM conmuni cati ons
synbol sequence such that estimtes of the group of 30 information

synbol s, generated fromthe group of information synbol data and a previous
estimate of the transfer characteristic, have an associated error
probability |l ess than a predeterm ned threshol d. -24- 7. A et hod of
recovering pilot synbol assisted nodul ati on (PSAM radi ot el ephone

comuni cations froma comunicati ons synbol data sequence representing a
PSAM commruni cati ons synbol dedquence comruni cated over a 5 radiotel ephone
communi cati ons channel havinglan associ at ed transferﬁ@ac ristic, the
PSAM comruni cati ons synbol dequence including a sequ nf or mati on

synbols interleaved with a gl gralityspf predeter ol s, the
met hod conprising the steps {ofl: il 'PIR(IOF{)AW

v

Transmitter Receiver

21

Radiotelephone
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10 . 44854 i fying pilot synmbol data corresponding topp
synbol s and ?vr%gr mati on synbol data corresponding to i nformtigﬁ%mlgﬁsg?

I n the sequence of communicati ons synbol“dét a; generating a data-augnented
estimate of the 15 transfer characteristic fromthe pilot synbol data as
well as the information synbol data; generating estimates of information
synbol s of the PSAM communi cati ons synbol sequence fromthe information
synbol data and the generated estinate of the transfer 20 characteristic;
and decodi ng the radi otel ephone conmuni cations fromthe generated estimates
of the information synbols. 8. A nmet hod according to Claim?7 wherein said
25 " step of generating a data-augment stigate of the transfer
characteristic conprises the step of g?éla g an estimate of the transfer
characteristic fromthe pilot synbol data. 9. A nmet hod according to daim
8 wherein said 30 step of generati?ﬁ](?ﬂmﬂ'sfer characteristic conprises
the steps of: identifying a group of Information synbol data correspondi ng
to a group of information synbols of the PSAM conmmuni cati ons synbol
sequence; :
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WO 97/ 39557 -25- generating estimates of the group of information synbols
fromthe growo wf3esst or mati on synbol data and a previously gengephR 97/06490
estimate of the-transfer characteristic; ﬁﬂ . generating a new
estimate of the transfer characteristic ron1the pil ot synbol data,
generated estimates of information synbols, and the information synbol
data. 10. A nethod accordi ng tro~G ad A-O-Waes 8i-h—10 — sakd- st.gp of

identifying a group of inforndtion synbol dat nprises the step of
identifying a group of inforndtion syrrbol s dattausorrespondi hg to a group of

i nformation synbol s adj acent |d| I ot sy 51N e] PSAM conmuni cati ons
\1odga olding to A aim® wherein

synbol sequence. 15
?up of i nf or mtstig synbol dat arcorrpri ses the
ol

said step of identifying a gr

step of identifying a group off informatiop s& 5 data coryesponding to a

group of information synbols @djacent preyiou estimated 20 information
12. A thod accordi ng

synbol s in the PSAM communi cafi ons synbol seqf;g
to daim9 wherein said step ¢f identifying a up of |nfqrnat|on synbol

data conprises the step of identifyijng a group of !
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25 informt iy osyeeee! data corresponding to a group of inforrrw
s92

i.n the PSAM comuni cati ons synbol sequence such that estinates

of information synbols, generated fromthgsegroup of information synbol dat a
and a previous estimate of the 30 transfer characteristic, have an
associated error probability less than a predeterm ned threshol d. 13. A
nmet hod of estimating a transfer characteristic of a radiotel ephone

comuni cati ons channel from a sequence of comunicati ons synbol data
representing a radiotel ephone genmmcat+ -sHgRat —cerrni-cated, over the 5
radi ot el ephone conmuni catti ohs ghannel radi ot el ephone cormum cations

signal representing a pille+

ng agl

comuni cati ons synbol sedqd®hce ji (ﬂ syrrbol S
interleaved with a pluralgy ofy/i ratl_g ®ethod tonpri sing
the steps of: 10 ved B ifng rE d i hf ornation
synbol data in the sequenee ifcapdps ag the pllot synbol
data corresponding towi [[6X] syrtbol s i1 thel#sA &Ei gns synbol
sequence and the infon toh synbol data gorrespondi MOFCOFTTI or NRt i on
synbols in the PSAM 15 ¢uompuni caé %15 synfbol sequence} apd gene at\iﬁg a
dat a- augnent ed estimate ¢f= he, 0
5] § 528 I
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transfer characteristic fromthe pilot synbol data as well as the
i.nformati on WIS Fata. 20 14. A nethod accor di npcrus&imssse 13 -

wher ei n sai d step of generating a data-augnmented estimate of the transfer
characteristic conprises the steps of: geRgrfating a first estimate of the

transfer characteristic fromthe pilot synbol data; 25

I dentifying a group of information synbol data corresponding to a group of
i nformati on synbols in the PSAM Comrmuni cati ons synbol sequence; generating
estimtes of the group gf—~infornati-on synbols. Lrom.the_graup of jinformation
synbol data and the 30 | first estijate of the transfer characteyistic;, and

generating an estimate qf the trana‘f/ﬁ characteristic fromthe gyoup of
i nformati on synbol -37- data an generated estimtes of the group of

i nformati on synbols. 151 A tho@accor( ing to Caim 14 wherein said step
of ‘generating a dat a- augnerte wn@elof 5 the transfer charagteristic
Ef\ i ng a new group of i nfor|mat|cg

further conprises the steps off:
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data corr.espogs a group of information synbols in the PSA -
conmmuni cat i on&%ggfb sequence; 10 generating esti M¥QW7W§°

new group of information synbols froma pBEMi ous estinmate of the transfer
characteristic; and generating a new estimate of the transfer

Gharacteristic of the radiotel ephone communi cati ons 15 channel fromthe new
group of information synbg)l pata and the generated estinmates of the new

group of information synbgls; 16. A method according to O aim 15 wherein

said step of identifying @ gfoup of information synbol 20 data conpri ses
the step of identifying a pup of information synbol data corresponding to
a group of information synf%' s adjacent pilot synbols in the PSAM
communi cati ons synmbol seqgienge. 17. A method according to daim15: 25
wherein said step of idenffyying a group of information synbol data
conprises the step of ideptHfyfro—e—group—of—rnferfatten synbol data
corresponding to a group et nfroxgati on synbol s adj acentf pil ot synbols in
t he PSAM comruni cati ons Sﬁn'hynbol séq-u.en\ce; and wherein{said step of
identifying a new group ofInfprmati on symsol data conprji ses the step of
identifying a new group ol=ihfprmation synboly data
0
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corresponding to a new group of information synbols WO 97/ 39557

PCT/ US97/ 064%@® 97289ss7adj acent previously estinmated information g 8ﬁkh

t he PSAM communi-cations symbol sequence. 18. A nethod accordlng to m 14
wherein said step of identifying a group36ft i nformati on synbol 5 data
conprises the step of identifying a group of information synbol data
corresponding to a group of information synbols in the PSAM comruni cati ons
synbol sequence such that estimtes of the group of information synbols,
generated fromthe group of 10 information synbol data and the first
estimate of the transfer characteristic, have an associated error
probability |l ess than a predeterm ned threshold. 19. A nethod according to
Claim 15: wherein said step of identifying a group of 15 infornmation synbo
data conprises the step of identifying a group of information synbol data
corresponding to a group of information synbols in the PSAM comuni cati ons
synbol sequence such that estimtes of the group of information synbols,
generated fromthe 20 group of information Fynbol data and the first

estimate
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of the. t.ransf o ehmssct er-i stic, have an associated error prObab?b&ﬁ%?}ﬁéﬁh
than a predeterrjned threshold; and wherein said step of identiTyi airaf

group 25 of information synbol data conprises the step of identifying a new
group of information symbol data corresp®ding to a new group of
Lnformation synbols in the PSAM comuni cati ons synbol sequence such t hat
estimates of the new group of information synbols, 30 generated fromthe
group of information synbol data and the previous estinmate of the transfer
characteristic, have an associ ated error probability Iess than a
predeterm ned threshol d. 20. A pilot synbol assisted nodul ati on ( PSAM

r adi ot el ephone communi cati ons system conprising: radiotel ephone

comuni cati ons processi ng nmeans for processing radiotel ephone

comuni cations to produce a 5 PSAM conmuni cati ons synbol sequence, said
PSAM commruni cati ons synbol sequence including a plurality of predeterm ned
pilot synbols interleaved with a plurality of information synbols
representing the processed radi otel ephone conmuni cations; 10 a
r adi ot el ephone communi cati ons channﬁbodmich

anormation Symbol Esﬁmatin@

1010
) yd
Generate first estimate of transfer
characteristic from pilot symbol -
data and pilot symbols

FIG. 10

1020
i /
Identify group of information
symbol data corresponding to -
group of information symbols

1030
r A
Generate estimates of group of
information symbols from group

of information symbol data and
previous transfer characteristic estimate

1050
1040 Z

/ Generate new estimate
of transfer characteristic from
information symbol data, estimates of
information symbols, pitot symbol
data and pilot symbols

All
information
symbols
estimated
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comuni cat es the PSAM communi cati ons synbol sequence and produces a
sequence of wowmassseati ons symbol data representing the comupcqAisdFossoo
sequence of conmuni cation synbols, said radi ot el ephone comuni cati ons
channel having 15 an associ ated transfig,gharacterlstlc synbol data
jdentifying neans, responsive to said r t el ephone conmuni cati ons
channel, for identifying pilot synbol data corresponding to pilot synbols
and information synbol data corresponding to information synbols, in said
20 sequence of conmunications synbol data; transfer characteristic
estimate generating neans, responsive to said synbol data identifying
means, for generating a data-augnented estimate of said transfer
characteristic fromsaid pilot synbol data and said 25 information synbo
data; information synbol estimate genﬁ'.rl(ff?%ng‘lrerq’a‘gﬁ;31 responsive to said
synbol data identijfying neans and said ‘tyansfler racteristic estimte
generating neans, [for generating estimates of information synbols fromthe

30 Correspondi ng Lnfaor tio svinho t-g—as—ell —as-t-h erated estimate

of the transfer chara¢tpr]i st {c] jafd cIe ofling irehns{ eIs ps Jeitp |sai d

i nformati on synbol —rat-e—fenrdrat-Rglredirs—if-o R 44” one

conmmuni cations fr ated estimtes 35 of lHdG nfornathpféynbols
ls -~

-

S ase we e wm e - W

FIG. 11B
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A 'systematcarding to.Clai m 20 wherei n mu ﬂ

charja % r é ti at e generatjjrg neans co?rﬁrl ses neans f Mﬂ lmm Il“"l

esti @‘@? g transfer charactemirsihechr 88 sghduph! ot synbol® dat a”

LA-syst.em.acchdrdling to Caim21 wherein said transfer characteri StIC

e ti mat e gener at i ng} meanstconphiBEket rsarek @9 iddiad hmugaalgnoggsmnb I
B gHIAL SRR f or.smt i.on ol s;

nmeans, responsive to salpg%roup ﬁggggﬁgg?ﬁa%ﬁ%ﬁ%& féoéu%relnselrne?t Hﬂl 8g¥Pﬁat es

of the group of°finformation synbols fromthe group of information synbol
15 transfer characteristic;

data and a previously ge e t.e of t
and neans, responsive torgfac?édesgsrloé S ORSLSP é’ﬁ‘gr SPTHE=HEANESRS 4@
generating 3 newsBtdenat ESOM t:bamnnaasteasngwﬂmlers e(hd‘er OhaabdaRi | ot

synbol dat a, generat ed estimates of information synbols, and said 20
i nformation sy 5%15’5‘5 Avehet e?ﬁ%%‘éﬁ%ﬁfﬁﬂt‘%ﬁl(ﬁgalampézrw&éﬁm of sai d

group Identlfy@ﬂ@d@&@&&lb@@ﬂbhib@ssfhﬂﬁfgﬂiﬂgerleaved with a plurality of

information symbols representing the radiotelephone

REPLACEMENT SHEET
39557 30" 2_ :

communications;

10 communicating the PSAM communications symbol
sequence over a radiotelephone communications channel having
a transfer characteristic to thereby produce a sequence of
communications symbol data representing the communicated
sequence of communication symbols;

15 identifying pilot symbol data corresponding to
pilot symbols and information symbol data corresponding to
information symbols, in the sequence of communications
symbol data; _ '

generating a data-augmented estimate of the

20 transfer characteristic from the pilot symbol data as well
as the information'symbol data;

generating estimates of information symbols from
the corresponding information symbol data and the generated
estimate of the transfer characteristic; and

25 decoding radiotelephoné communications f:om the

generated estimates of the information symbols.

) 2. ' A method according -to Claim 1 wherein said
step of generating a data-augmented estimate of the transfer
30 characteristic comprises the step of generating an estimate

of the transfer characteristic from the pilot symbol data.

3. A wmethod according to Claim 2 wherein said
step of generating a data-augmented estimate of the transfer

35 characteristic comprises the steps of:
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o DEPLALENMICHT oneclr § 2 AT, LT -
i nfofmati on synbol

‘data corréspondi ng to. a-.group of informa ll mu
adj acer®Q ##Rd1998! of- syibol s -k ~sai d 25 'PSAM communi cat i ons ﬂ mmm gll““"l
24 A system accordijng to Caim22 whereinxsgaid group identifyifig heahs s *
i denfi fres~agroup” i nformation synbol data corresponding to a group of .
i nf.ormat i on _synbol s ladj adent pr &¢EHRSN 9fe§??ﬂﬁ?§6ngcp4¥ﬁtbrﬁm@n_as§mbaéa in
sai d PSAM COMMMBEARRLR0S SvoRM) HRAMMEphone? BonfuiYBLEMACCALAI N0 tO
Claim 22 wherein said group identifying nmeans identifies a group o
i nformati on syRBBPUBAFAtEOPF expthindi sgteoSeqyroge veprasennig an ?ﬁzmr)]ol s in
t he PSAM comugg ' u h ti mates of the group
of informati onagﬁﬁgbgfgétgaéﬂ%%% eg frgg%ﬁseggg S%tgﬁ%ngfalg%?o?‘fﬁﬁ i%n synbol
data and aSprevidictebephone qimmumd catangserhahasachevisngidsn R iaked

associ ated err bi.l i | ess  t.han p term ned threshold. 10
26. An appar a‘?%asﬁ)% %%Prééﬂ(:ao%/a}elcrtl St S5t Cot tgfl n%g aSSPSHRECHotRI A S YR OLPSAM)
r adi ot el ephonesequene ciaid I rig @MsagGEABENLE ath poSmsY b s AdA sSequence

representing a, PSAM co nicati ons synbol sequence conmuni cated over a
radi ot el ephone*®d Tt i @hRAHERLREY| P BReaskertinedl pidott sanbbes,

characteri sti chd heetRRAM AP 6at ERESsSYPR0bE .

10 identifying pilot symbol data cof%esponding to

pilot symbols and information symbol data corresponding to
information symbols, in the sequence of communications
symbol data;
generating a data-augmented estimate of the
15 transfer characteristic from the pilot symbol data as well
as the information symbol data; '
generéting estimates of information symbols of
the PSAM communications symbol sequence from the information
symbol data and the generated estimate of the transfer
20 charactefistic; and |
decoding the radiotelephone communications from

the génerated estimates of the information symbols.

8. A method according to Claim 7 wherein said
25 step of generating a data—augmenféd estimate of the transfer
characteristic comprises the step'of generating an estimate
of the transfer characteristic from the pilot symbol data.
9. A method according to Claim 8 wherein said
30 step of generating the transfer characteristic comprises the
steps of:
identifying a group of information symbol data
corresponding to a group of information symbols of the PSAM

communications symbol sequence;
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ﬁeans, For information symbols, the method comprising the steps of:

10 identifying pilot symbol data and information
symbol data in the sequence of communicatiogé symbol data,
the pilot symbol data corresponding to pilot symbols in the
PSAM communications symbol sequence and the information
symbol data corresponding to information symbols in the PSAM

15 communiéations symbol sequence; and

generating a data-augmented estimate of the
transfer characteristic from the pilot symbol data as well

as the information symbol data.

20 14. A method according to Claim 13 wherein said
step of generéting a data-augmented estimate of the transfer
characteristic comprises the steps of:

generating a first estimate of the transfer
characteristic from the pilot symbol data;

25 ' identifying a group of information symbol data
corresponding to a group of information symbols in the PSAM

fommunications symbol sequence;

generating estimates of the group of information
syﬁbols from the group of information symbol data and the
30 first estimate of the trahsfer characteristic; and
.generating an estimate of the transfer

characteristic from the group of information symbol
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for identilfoyi ng a group of information synbols data .

a radiotelephone communications channel which
communicates the PSAM communications symbolasequence and
produces a sequence of communications symbol data
representing the communicated sequence of communication
symbols, said radiotelephone communications channel having

15 an associated transfer characteristic;

symbol data identifying means, responsive to said
radiotelephone communications channel, for identifying pilot
symbol data corresponding to pilot symbols and information
symbol data corresponding to information symbols, in said

20 sequence of communications symbol data;

transfer characteristic estimate generating
means, responsive to said symbol data identifying means, for
generating a data-augmented estimate of said transfer
characteristic from said pilot symbol data and said

25 information symbol data; '“

information symbol estimate génerating means;
responsive to said symbol data identifying means and said
transfer characteristic estimate generating means, for
generating estimates of information symbols from the

30 corresponding information symbol data as well as the
generated estimate of the transfer characteristic; and
| decoding means, responsive to said information
symbol estimate generating means, for decoding

ré&iotelephone communications from the generated estimates

’”g?

35 of the information symbols.
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error probability less than a predetermined threshold.

10 26. An apparatus for recovering pilot symbol
assisted modulation (PSAM) radiotelephone cgmmunications
from a communications symbol data sequence representing a
PSAM communications symbol sequence communicated over a
radiotelephone communications channel having an associated

15 transfer characteristic, the PSAM cdmmunications symbol
sequence including a sequence of information symbols
interleaved with a plurality of predetermined pilot symbols,
the apparatus comprising:

symbol data identifying means for identifying

20 pilot symbol data corresponding to pilot symbols and
information symbol data corresponding to information
symbols, in the sequence of communications symbol data;

transfer characteristic estimate generating
. means, responsive to said symbol data identifying means, for

25 generating a data-augmented estimgte of the transfer
characteristic from said pilot symbol data and said
information symbol data;

information symbol estimate generating means,
reéponsive to said symbol data identifying means and to said

30 transfer characteristic estimate generating means, for
generating estimates of information symbols of the PSAM
tommunications symbol sequence from said information symbol

data as well as the generated estimate of the transfer

characteristic; and
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