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more particularly to a method_for controlling packet data clash control problems
in pocket data transmission systems.

Background of the Invention

Packet data systems include systems for transmitting data by radio

between two or more parties as well as systems for exchanging data by optical

fiber or wire line connections, including systems known as local area networks
(LANs). A common characteristic of packet data systems' is that contention is
permitted between two or more receivers. Contention occurs when two or more
transmitters happen-to attempt to use the same .cha.nnel at the same time causing a
clash. Various means are employed to cope with the incidence of clashes, the
most important of which is automatic request for retransmission (ARQ).

In a packet data system, data for transmission are assembled into

deterministic sized blocks. Addressee-addressor information is usually added, as

well as error correction coding or detection information to form a packet as

illustrated in Figure 1. A packet preferably also contains a packet number, and
data packets for transmission in one direction often carry acknowledgments of
packets received in the other direction. This is known as carrying

acknowledgments "piggy-back”. If a transmitter does not receive

“acknowledgment of a previously transmitted packet after a predetermined delay,

25

it will retransmit the packet in preference to a new packet. More specnﬁcally. all
transmitted packets are also entered into a retransmit delay queue or pipe. If
they are not acknowledged or removed from the retransmit queue before they
emerge from the pipe, then priority is given to the retransmit queue instead of
the new data queue. When a packet is retransmitied, it is also reentered into the

beginning of the retransmit pipe, so that if the pocket again goes

pr obl ens
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97/ 37469 packet but the highest packet number in a successfully received sequence with no
PCT/ US97/ 0479g8aps. For example, if packets ... 5, 6, 8, 9, 10 ... have been received, the
acknowledgment number will only be 6, reflecting the fact that packet 7 is
10  missing. As soon as a retransmission of packet 7 is successfully received
however, the acknowledgment number can juhp ahead to 10 or to the beginning
of the next gap. In this way, all of the packets that have been received
successfully can. be cleared out of the retransmission pipe without needing an
individual acknowledgment for each packet to be received.
15 Packet data systems are often configured as a "net" in which every
member can in principal receive information for every other member. In a
packet radio system, members can act as relays for packets that fail to reach their
destiriation directly from the source. lh this case, it is of interest for members
also to be able to receive packets not intended for them so that they may assist in
20  their relay if necessary. Thus, if an intended packet is destroyed by a clash with
a stronger non-intended packet, it is still of interest to receive and decode the
stronger packet.
Due to different propagation delays and/or random tfansmitter timing, an
interfering packet may be received halfway through the processing of an earlier
25 received packet. In the prior art, receivers are known that can detect the onset
of a clash from a stronger packet and abort processing of the weaker packet. In
this case, at least the stronger packet is decoded which may be required to be
relayed to another member of the packet data net. However, the weaker packet

is lost. This process is calied preemption, and the packet data receiver can be
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Summary of the Invention
According to one embodiment of the present 'invention, a packet data

transmission system can be constructed having the usual strategies for message
reliability control, including cumulative acknowledgments, automatic |

15  retransmission, relay assistance, error correction coding, addressee-addressor
information, and packet numbering. In addition, the pre;sent invention includes a
more powerful clash control means which includes subtraction of the signal
waveform of a successfully decoded packet so that an underlying packet may be
decoded. |

20 According 1o another embbd_iment of the present invention, a system for
'transmitt_ing digital data messages between a plurality of stations using a common
communications channel is disclosed. According to the present invention, the
data messages' are assembled into data packets which include address and control
information. The data packets are then transmitted from the stations over the

25 common channel using appropriate data repfesentative waveforms or modulation.
A composite waveform representative of the data packets including potentially
time overlapping data packets are received and processed to decode at least one
packet. The waveform representative of the at least one decoded packet is

reconstructed and subtracted from the received composite waveform to obtain a



stronger packet. . Due to different propagation del ays and/or
r andomWPEH3M6Pt er ti ni ng, interfering packetPGHYSHO48cei ved
9=

hal fway through the processin ~ 25 recei ved packet. In the
prior art, receivers are kn#wn T=Ehsgdasast |t he onset of a
clash from a st ronger packeﬂ:aﬂgzghéFPfE ocesslng of the weaker packet. In
this case, at |east the stronger packet T35 dded whi ch may be required to
be rel ayed to another nember of jhe packet data net. However, the
weaker packet is lost. This process is called preenptlon and the

packet data pmber
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An arrangemem accordmg to the mvennon will now be described in more

5 detail with reference to an accompanying embodiment thereof illustrated in the
accompanying dfawingé, in which:
Figure 1 1llustrates a packet
Figure 2 isa fundamental schematic of a CDMA transmmer and receiver;
Figure 3 is a functional schematic of a CDMA subtractive demodulator
10  according to one embodiment of the present invention;
Figure 4 is a functlonal schemanc of a sxgnal strength processor illustrated
in Figure 3; and '
Figure 5 nllustrat_es a Viterbi Decoder for packet clash"sub.traction
according to one embodiment of the present invention. | |

15 Detailed Descriptio
In U.S. Patent No. 5,151,919, which is ihcorpofated herein by reference,
a novel technique for deinoduléting overlapping signals, i.e., a composite signal,
alternatively in descending sngnal strength order stanmg by demodulating the
strongest and then subtractmg it out of the composxte signal before demodulating
20  the next strongest is disclosed. At each stage, the sum of the underlying
interferers should not be so great as to prejudiéé the decoding of the strongest.
Thus, the number of overlapping interferers thét can be tolérated d'epends on the
desired signal to interference ratio (C/I) and on the signal strength distribution.
Figure 2 illustrates a conventional CDMA system Digital information to
25 be transmitted over an RF communication channel is coded in a CDMA encoder
20. The coded signal is used to modulate an RF carrier in'a mixer 22. The
modulated carrier is transmitted over the air interface via a transm_ittiri:g' antenna

24. Other digital information from other transmitters (2...n) may be transmitted
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factor components ha\ring real and imaginary I and Q components.
A first digital processing block 40 includes a first code generator 32 set to
15  match the code of the first signal :to bé demodulated. While the specific code to
be set by the code generatdr 32 in the first data processing block 40 may be
selected arbitrarily, in the preferred embodiment of the present invention, the
order in which the codes are generated is based on signal strength. A signal
strength processor 29 monitors the relative signél strength of each of the signals
20  that make'up the composite signal. In the context of cellular systems, if the
mobile switching center (MSC) or the base stations (BS) monitor the probable or
actual signal' strengths of each mobile telephone coinmunication. either the MSC
or the BS may perform the task of the signal strength processor 29.
It will be appreciated' that signa] strength can be detected by the signal
25  strength .processor 29, or it can be predicted based upon historical models of
signal strength. A functional block diagram depicting a hardware impleﬁentation
for performing the functions of the signal strength processor 29 will now be
described in conjunction with Figure 4. It will be appreciated by those skilled in
the art that these functions could a]sb be implemented using a suitably

30  programmed microprocessor. The total composite signal received by the antenna



acket eformrepresentative of the at | east one decoded packet is
Iroeconst r u&?wg@z;nd subt rgct ed fromthe received conposite BoA1980 obt.ai n
a resi dual waveform The residual waveformis then
further processed to attenpt to decode at |east one further packet.
Brief Description of the Draw ngs 5 An arrangenent according to
the invention will now be described in nore detail with reference to
an acconpanyi ng enbodi ment thereof ill ustﬁat ed in the acconpanying
drawi ngs,. i n which: : - Figure il lustrates a packet;

Figure 2 is 26 fsuqdarerinal trﬁtlmﬁf&tllw @hd %l@@l‘tﬁ’eé P4} Hitddrifor 08 JveF fle/e’ :
number of chip periods in a bit penod A bit clock 51gnal determmes the
mtegranon mterval A square root circuit 107 determines the root mean square
(RMS) value of the composnte 31gnal over the bit penod

5 At the same time, the residual sxgnal is recexved ina multlplter 102. The
residual sxgnal comprtses the total compostte signal mmus any prior decoded
signals. The residual s:gnal is multrphed by a spreadmg code generated by a
local code generator 104 of the signal to be decoded The correlated output
signal from the multiplier 102 is also mtegrated over the same bit period in an

10 integrator 108, as controlled by the bit clock srgnal The average or integrated
~ voltage value over the mtegrated ttme penod may have a positive and negative
polarity. Thus, a bit polanty decmon devrce 110 detects a signal polarity and
transmits a sxgnal to an absolute value devnce 114 which ensures that the sign of
the output signal of the m_tegrator 108 delayed by a delay 112, is always positive.
15  The absolute va!tte device l14 ntay for exatrtple, be an inverter controlled by the
bit polanty decnsxon devnce 110.

The absolute value of the average correlation signal (B) is dmded ina
divider ll6 by the square root of the RMS value of the total composite signal
squared (A?Y) for the sarrte bit period to' generate a normaliied value. In other

20  words, the correlated strength of the decoded signal B is normalized by dividing
it by the total composute strength of the signal for that bit period. The
normaltzecl correlation of the decoded signal is accumulated ina SIgnal averager
118 over a number of bit perlods to generate a relatwe mean strength for that
decoded sngnal Due to multtpath fading of the sngnal the actual number of bit

25 | periods should probably be on the order of about 10 in order to determme an
accurate average signal of the demodul_ated signal. Each local code is stored in a
memory 120 along with its associated'averag_c strength value. A sorter 122
compares 'e-ach of these average signal strength values and sorts them from
strongest to weakest. At that point, the sorter 122 transmits the local spreading

30 code of the strongest signal to the local code generator- 104 so that the strongest
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10 Figure 3 is a functional schematic of a CDVA subtractive
denodul at or according to one enbodi nent of the present invention;
Figure 4 is a functional schematic of-a signal strength processor
illustrated in Figure 3; and Figure 5 illustrates a
Viterbi Decoder for packet clash subtraction according to 15 one
enbodi nent of the present invention. 7 Detailed Description

In U.S. Patent No. 5,151,919, a novel technique for denodul ating
over |l appi ng  signal 3 giwalys deirodulatedl amthpxisctos ati thesikxt ddta bitrperiodel Lesser

descendi ng signal strength order,20 ..starti.ng.by. denodul atjng th
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transmtted over an c¢onmmuni cati1 on channel is ded in a CDMA encoder 20.

The codepfedictinaanalysisi SbBA) do mearderthe signakstrengthipsioritys dnigeremal 22. The
T e o R st HGRSEP NG s b BT 0 5 o
transmitters (ahd usedtd exBipdistel whidh SigriaPk most likely to have the greatest strength
10 at the next instance in time. The LPA postulates that the next value of a
waveform will be a weighted sum of previous values with the weight coefficients
to be determined. The known filter algorithm may be used to implement this
analysis. In this manner, the stfongest signal may be predictéd effectively
without having to actually perform another sequence of signal decoding and
15 measurements. |
‘ If the signal strength processor 29 determines that the actual results of the
coding of a composite signal and sighal strength priority sequences are in error
because of an inaccurate prediction or becahse system conditions have changed,
the signal strength processor 29 reorders the code sequence to reflect the actual
.20' signal strength order. Subsequently, the modulation procesS may be repeated to
ensure that the individually coded signals of the compbsite signal are decoded in
the order of greatest signal strength to least signal strength. The repeated
process does not result in the loss of data or interruption in traffic because the
composite signal is stored in a delay 50 in the processing block 40. The delay
25 50 may be simply a mem'ory device. Consequently, the composite signal may be
retrospectively reprocessed once the optimum order of decoding is deternﬁined..
By decoding the oﬁtput signal of the first code generator'l?:z' with the
composite signal received at the Correlatdr 30, an individual signal corresponding
to the first code is extracted from the composite signal. The correlated signal is

30  filtered in a lowpass filter 42 in order to reject interference generated by noise
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in a simlar fashion. A receiving antenna 26 of a radio receiver 25
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usi ng anot her m xer 28: -The-desired signal is extracted fromthe
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€ error corrected output srgnaf is a so a phe to a recor er/C remoc?ulato
46 to reconstruct the wave_form of the signal just decoded. The purpose for

10 reconstructing/recoding the decoded signal is to remove it from the composite

¥be

srgnal in a subtractor 48. A delay memory 50 stores the composrte s:gnal for the
processing trme requrred to first decode and then reconstruct the first decoded
signal. _ _ _ _
The residual composite Signel from which the first signal has been
15  decoded and subtracted is passed from the subtractor 48 to the input of a second
digital processmg block 40’ whlch is similar to the first block 40. The only
difference between the two dlgrtal processmg blocks 40 and 40’ is that the code
generator 32’ is pro_gram_med to match the code corresponding to a second signal
| to be demodulated."” In the preferred embo_dimehts of the present invention, the
20 second sig'nail to be demodulated is the signal having the next greatest signal
'stren_gth. Those' skiiled in the art will recognize that the second signal processing
block 40’ may be implemented by recursive use of the first signal processing
block 40 in order to avoid duolicating _hardware. The second signal processing
block 40" produces a se_co_rtd decoded signal from the error correction decoder
25 44’ and subtracts a reconstructed, second signal from the del_ayed composite
signal in a strbtractor 40' “The residttal corrrposite signal with two signals now
removed is passed to a third stage of signal processmg and so on.
Applymg the principle described above to the packet data clash control
problem, it is possible to d_emodulate the stronger of the two signals so that the

30  demodulator can function at a C/I ratio of one or greater, since the C/1 ratio
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functional bl ock diagram depicting a hardware inplenmentation for
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signal received by the antenna WD 97/ 37469
PCT/ US97/ 0479dnvolves simultancously hypothesizing one transmitted symbol for each of the
overlapping modulations and using those postulates to estimate the sum signal
that should be received. The actual received signal is then compared with the

10 estimated sum signal and the hypothesis that best matches the received signal is
retained. When symbols are received from N transmitters synchronously, the
joint demodulator approach can be impiemented by means of a Viterbi sequence
maximum likelihood estimator of M to the power 2N-1 states, where M is the
size of the symbol alphabet (M = 2 for binary).

15 According to the present invention, a packet data transmission system can
be constructed having the usual strategies for message reliability control
including preemption cumulative acknowledgements automatic retransmission,

. relay assistance, error correcnon coding, addressee-addressor information and
packet numbering. In addition, the packet data receiver embodies a more
20 powerful clash control means than the prior art. The clash control means
according to the present invention includes subtraction of the signal waveform of
a successfully decoded packet so that an underlying packet may be decoded. A
packet radio receiver normally contains a correlator for detecting a known bit
pattern indicating the arrival of a packet. The correlator may first trigger in

25  response to a packet received at low signal levels and decoding of the pocket
begins. ‘The correlator meanwhile is left running to detect the 'potential arrival of
another, overlapping packet. If the correlator triggers before completion of
decoding the first packet, the decoding‘ is suspended but the state of the decoder
is saved in memory, e.g., on a "stack." The decoder then begins decoding the

30  new packet which "pre-empted” the first packet. Upon completion of decoding
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integrated tine perlod may have a positive and negative -~ polarity.

tThus at bit pesidualt Jinpsincinlenthgsererd maqkeaétaé'cmswat Et‘genlasenpmmmw by
ransm a
si gn of 3 %'%hee;d(t}ttl%ﬁgé’};ﬁgna¥’% e .ﬁ%ﬁ%ﬁ%‘@%%& |"aye @% &}f'ﬁ{aaef 23e/

112, is al waygckonéititsahe fit§i-saved bmtesbsAftat thevthirdepatketi las liee# deegddioand
exanpl e, be an inverter controll arity decision

devi ce 110. Subtracted, the sec esehsgétaﬁ/ S\fﬁme%fr%éhedgté&%l&c 'BPIFE ation
signal (B) %{eé’ddqté"iﬂd YRerPafter its suﬁ%tr%rt&%sﬁﬂalt\b?u Cﬁrﬁ&?w apdinige RVB

val ue of the conposite si squar ed or. the sanme
bit period tcomplste deeoding) of e ﬂmd:oacleetueln pmnmplhenomshed mckes needhbe

correlated strength of t decoded i s _nor nal dj
¢ by (HD t ol Bunibets Wi BE AcRgenca o endhyh atiny b fseoty caids i ber,
normal i zed cQpdoilef i on of the decoded si gnal is accunulated in a signal

aver ager 118 over a nunber of bit periods to generate a relative
mean strength for l?neamptton operates in the following manner. The recetved srgnal is

continuously sampled, dlgttxzed and fed into a buffer memory usmg any one of
the known radio or wrrelme signal AtoD conversron techmques as appropriate.
15 For exarnple in the radio case, the log polar techmque descrlbed in U.S. Patent
No. 5, 048 059 which is mcorporated herem by reference, is well adapted to the
dtgmzanon of mtermtttently amvmg signals of unpredlctable level
Each packet can include a number of known symbols that are continually
searched for in the buffer memory samples usmg a sliding digital correlator. If
20  the corre]ator reaches a sufficiently hlgh level of correlation which indicates the
| presence of the known simple pattem a packet for decoding is deemed to exist
and a decodmg operanon is commenced using the posmon in the sample buffer
indicated by the correlator Durmg thts decodmg operatton the correlator
continues to search on a sliding bas:s for recerpt of a later packet If a later
25 packet is received at a sufﬁc:ently strong level, the correlator will agatn trigger
which initiates another decoding operatlon If only one decoding operation can
‘be carried out at a time, the decoding operation having the greatest initial
correlation value is preferably completed first. If successful as indicated, for
example,- by a cyclic redundancy check (CRC) code, the srgnal.waveform just

30 decoded is reconstructed and subtracted as disclosed in U.S. Patent No.
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decoded SYGRAHP™*Bue to nuitipath fading of the signal, the BCVUS®AMRber of
bit 25 peri ods should probably be on the order of about 10 in order to

deternm ne an ' accurate average signal of the denpdul ated signal. Each
| ocal code is stored in a menory 120 along with its associ at ed
average strength value. A sorter 122 conpares each of these average
‘signal strength values and sorts them from strongest to weakest. At
that point, the sorter 122 transmts the |ocal spreading 30 code of the
strongest s 9n8lis19190CahPSlpeRlilP aBRHPbRradl is*heh unted i ERY by
PCT/ US97/ 04798back tracking to the pomt before the onset of the just subtracted packet, so &s to

signal is always.denmodul ated and extracted at ata bit period,.
Ceser e BRG o SusPl by gt e ingbe sl o s sty bagt n
as detern ned fubiddiEby arran dgmgstﬁé t6Frethtor to%cﬁ%ﬁk%ﬂ?aﬁgadtdﬁhéﬁﬁﬁg{ 122
may be readily inplenente processor using a software sorting
program 35 sample curreaé;cbemg deceded.gnal strengths of the multiple nobile
stations in a cell

constant | r a furfher enbodi nent, of
the present inventi ‘Z’he Breqess, of precmption, dgcodanﬁl &T%B subirations angd sesumption)is ¢ o
reorder the sigrepdralsiyrienaive & that allYpackéts %Bﬁlﬂy’hetected by the correlator but

whose decoding was suspended are eventually decoded completely. A person of

normal skill in the art will recognize that such decoding operations can be
10 performed by a programmable signal processor (DSP) and that saving the state
variables of a preempted decoding operation in order to perform another
operation can be achieved by the known techniques of using a stack for
temporary variables, in the form of programmiﬁg 'knewn as recursive or re- -
entrant. Eventually, after decoding the earliest detected packet and subtracting
15 i, the entire buffer can be processed again to see if the correlator is now able to
detect any weaker underlymg packets that earlier were masked by the packets
that were just subtracted from the composite signal.
All packets discovered and successfully 'dec_oded by the above means are
assembled according to the addressee/addressor information and packet number
-20  into messages. If the current receiver is engaged to relay any of these messages,
it must initiate its transmitter to acknowledge the highest packet number received
~ with no gap. It does this by constr_uetihg the packets for transmission to the
transmitter from which they wef_e jus_.t received including'data for reverse
transmission through that station plus a piggy-back acknowledgement for a
25 particular message sequence. The packet for transmission is then entered into the
transmit queue. A full description of the techni'ques whereby a station
determines if it is required or not to relay a particular packet or message can be
found in the prior art. - |
The above descripiion..is focused on clash elimination by subtraction of

30  already decoded packets. For situations where two overlapping packets of



terns, ‘Q,Oly’gt,%l cal nodel of the relative si gnal strengt ,ﬁswé?%d in a

menory and used to extrapolate which signal is nos 10 have
the greatest strength 10 at the next instance in tinme. The LPA

postul ates that the next value of a -waveformw || be a weighted sum
of previous values wth the weight coefficients. to be determ ned.
The known filter algorithm my be used to inplenent this anal ysi s.

In this manner, the strongest signal may pg predicted effecti'vely
wi t hout having to actually perform another sequence of. signal decoding and

15 measur gimilassignal level cannot be ddcodédiin giignay, ﬂier Jenttfdemaaeaﬁor 29
determ nes that the -actual results of the -of a. conposite

signal and siteghaque easn employed insjeade oFiembrevityy 6115 Wﬂébﬁdesmbed at thbecause

Phe s onar S CAIRATHE S 3h eBint HaNRRE P bR BAE of o ABEISEE Pect ¢ ne
actual 20 si griBhe aser efig Cychic Munﬁﬂbﬁ@h&kﬂtk(ﬁ)td@ﬂe 1 deiefhinewhdtRees s
may be repeated e |nd|V|duaIIy coded .si gnal s of

the conposit@ B ﬁhhasa\’@“cfé‘ﬁ?fé%ﬁﬂ (flecoded has 3lyeady bgen §F“§F6at bistalse gnal
strength to gﬁ;?ﬁl)les %Egl‘orﬁtta eRE: Rheck6n 5%38&%‘3\9 ndow aftelg é)%@&ﬁﬁg hqgref not

1
result in th oss of" data or Interruption i tra cause

conposite Si gaeiple ssosdsowatitect whetteer alyatsamiple tepeespnted ahe engd obaoakid40. The

delay 25 e Si I ce. ,Consequent]y, the conposite
si gnal may bénessag I“B'f'gp Q&E&ﬁoﬁwgﬁ performs E URGLION Rt MPRIABSr der  of

decoding is 3ﬁt&:’h@hneﬂnalysts and stmulﬂtton hassshddﬁtcfﬂm ditﬁé;@l(@tcﬁe@kssdaﬁ edulof

the first co enerator” 32 w-t osi t recei ved at
the corrH}atdn fatse indications of dnglorshoresynhols wbonnllamgm the message the fir st

d J d
il terod in BPasngs PrerabelB e st he pepuiRbiiof HeitBener at cd

by noi se prevented either by the use of bit sequence scrambling before transmission and

unscramblmg prior to decodmg, whereby the use of a modulo-addtttve
scrambltng mask is modulo—subtracted at the recetver before decodtng If the
15 scramblmg mask is subtracted on the wrong shtft it wﬂl not cancel the mask
applied at this transmitter and thus will not decode a valid message By using
one or both of these means, false CRCs on a message shift are prevented
Accordtng to the _tomt demodulatton scheme all samples are regarded as
potenttal startmg pomts for all messages thure S shows a Viterbi decoder
20  structure for decoding and subtracting a data packet While this Figure 5 shows
the essential elements, other elements of a packet processor have been omitted
for simpliﬁcation, such as sync correlation and channel estimation, deciphering,
header decoding, CRC error detection and such like. It shall be understood that
the omitted elements are intended to form part of a complete implementation of
25  the invention, but are not material to a description of the Viterbi ProCEssor.
The Viterbi processor accepts dtgtttzed 51gnal samples from the radio
recetvmg chain in the form of complex numbers at the coded symbol rate. The
- following descrtptton is based on the arbitrary assumpnon that data transmitted in
the packet has been coded with a rate 1/3rd convoluttonal code but other codes

30  and rates can equally well be used
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and unrel ated signals. Instead of the 1owass filter 42, a majority vote
circuit or an integrate and dunp circuit may be used to reduce or
despread the bandw dth or bit rate of the correlated signal. The
out put signal generated by the | owpass filter 42 is processed

further in an error correction decoder 44 which finally 5 reduces the

signal strength or byke VitefbilprobdiSortheR Pridedsesdieatived shmbRs TR itiples, The
decoded i nformation signal nay undergo additional signal processing before
it r eac leozresponding tmthedehni¢enet a gate 1/3rd code which produces thige coded ect ed

out put signal is also.applied.to a.recorder/r dul at or . 38 1O

econstruct t STl VS Prikef ulfERRaHE SYiEEg G caeh Faeh prpprssioe; dyfbley pre
reconst ruct i ng/ddanfshianeriginal d2acyaibosigedoded ah@ armﬁoﬂdin% kfipleldTesidual
conposite ~si.gnal I'n a subtractor 48. A delay nenory 50 stores the

conposi te st gnaiompiex wakies is outpuy requaksioi thg correspanding theee reseivedssignabcode
a0, e econshiils YiE P hafREH o geroasg MR bt gt SV
triples of residuals form an output stream which can be processed again by a like
Vitérbi processor in order to decode an underlying packet that was masked by the
packet just decoded. o
10 | With reference to Figure 5, the operation of the signal-subtractive Viterbi
processor will now be described. The decoder cdmprisés a number of state
memories each corresponding to an as-yet unresolved number of hypotheses of
information bit sequences. Each sequence is identified with the latest L-1 bits
hypothesized, where L is the constraint length of the codé. If L=5, as
1S exemplified in Figure 7, this results in
241 = 2% = 16 states .

as indicated by the binar:y state numbers 10. .
Associated with each of the numbered states is.a path history memory 11
. éontaining the history of bit hypotheses that led to that state, and a corresponding
20  set of residual triples denoted by

3

Z,
where i signifies the index of the bit the triples was associated with, j identifies
one of the three complex values of the triple, and k identifies which state the

25  candidate value of Z; is stored in.

- Also associated with each state is a path metric store 13 containing a

value indicative of the likelihood that the hypothesized bit sequence is the



15 d subtracted, is passed fromthe subtracto I nput
of a Sg@ﬁﬁ%&&‘ digital processing block 40" which is é?ﬁ\/%F;Wt .

first block 40. The only ditterefice _petilween the two digital -
processing bl ocks 40 and 40f fy8s SHEETHES @b- generator 32' is
programmed to match t he codg corraEEbﬁ@I?ﬁ o-f second signal to be

denodul ated. I n the preferred=erpaarments of t he present invention, the 20
second signal to be denodul ated is the sipgnal having the next greatest

si gnal strength. Those skilled in the art will recognize that the
second si gnakqunee ahatiwgs transmitted b GlekreéivermyA kgclerafl deaoding ds buntrsitedr Si ve
‘use of the first S|gnal pr ocessi ng ' bl ock 40 in order to avoid
duplicating byaeensepller 1¥he second si ghal processing bl ock 40

produces a secondegecagedt Stﬁé Qﬂf‘ktgfersofﬂet tfdlifep ap seac'r‘%‘g%chﬁﬁ%ﬂ%rs‘s (ﬁ‘gom te

44' and subtracts a reconstruc Sl gna rom:t
signal in a emdhbgahélowuh(ihe faurebiteef theastate unbes iobeiss @mahlbewot fits tegynal
signal s e of . signal

d t hi
processi g éﬂdhg Gnqmirer Consisaint 'e"g‘%s&’ %bp‘gﬂ}g ‘It?rre f&eﬂﬁa ig) the &é‘E"EP‘l bed above
to the paCkeéxaﬂ\?Eé" Thad DlodkOoK bi®d is submltted S RBb&Ncop % ?hé’@ﬁ&idgl' ?Dr(%f‘ér S or

denodul ate th ronger of the two signals so that'

can functi oni8to abtﬁYnI themcmﬂwfblo Mplenhgrwauldrbe @(pectedttbé)e@ebewed ifcthe
five bits are hypothesnzed correctly. These three coded bits PI, P2, P3 are then
processed using a channel model 17 which models hqw the transmission path

10 from the transmitting-encoder to the_ :input of the dei_ta&netric computer 16
affecfed the coded bits A radio channel can include, as well as radio path
attenuanon applymg a phase-angle rotanon to transmmed SIgnals and adding
delayed versions of the signal gwmg rise to intersymbol mterference The
effects of the channel may be estimated using a known bit pattem or syncword

15  which is also useful in detecting the start of a packet. Channel estimates initially
made with the aid of a syhcword may be updated after decoding each bit using
techniques disclosed in the following applications, which are hereby incorporated
herein by reference: | | | |
U.S. Patent No. 5, 063 573; U. S Patent No. 5, 185, 764 u. S Patent No.

20 5,164, 961 U.S. Patent No. 5,199 047 'U.S. Patent No. 5, 081, 651; U.S. Patent
No. 5,297,169; U.S. Patent No. 5, 335 250; U.S. Patent Application No.
08/274,727; U.S. Patent Application No. 08/305,727; and U.S. Patent
Application No. 08/305,787.

The above-incorporated patents and applications provide precedence for

25 making estimates of the propagation path characteristics with the aid of kn_oWn
bit patterns, as well as for updating the estimates after decoding unknown bits.

The latter patent application also provides precedence for the technique of
demodulating and decoding a signal simultaneously, as is done in the preferred
implementation of the present invention. Thus, the parameters of the channel

30  model 17 may be initially estimated and subsequently updated. The channel
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9 WONBBgr eat er than unity, |f the larger signal isPGRUSAL04798
numer ator and the small er =S—0n fhe denom nator. The

capabi l ity of the denmodul atioff EHI® BEBENEAS eEN necessary by use of
a sufficient anount of intell jlgent BERUACEDH exp nsi on t.hrough

coding. Even if the nodul ation ne s a higher CI ratio than
unity, 5 it is possible to denpdul ate S|rpjltaneously two or nore

overl apping signals of sinilar | evel by use of joint denodul ation.
Joi nt denodul at é?meiE‘r‘Qh(‘éet‘ﬁeiisQa”té e&%&smé coded bu%mediﬁ%mwm OBE. P3 intp
transmtted sy for each of the overlappi ng nodul ati ons and usi ng
t hose postul at escneotedsccem@cmmplesmﬂms@hl R2,hB3 wdicduhre txempared: iwithdact iy

actual received si W|th t he esti SI gnal and
fhe 10 hypot negrives aluenaly hih iR 1 Belbmeic. AomBvter Rl TheDRkR AR, “When
synbol s are com]glﬁg,ellgegm{srQ%Hetdfa,gggﬁilgers synchronously, the j oi nt
denmpdul at orgapproach can - il ement ed by neans of a Viterbi
sequence maxi mum | i kel i hood esti mat or 1-R to the power 2N-1 states,
where Mis the size of the synbol al phabze't TRIRL £ or bi nary). 15
According to the present invention, a p'ac?et d&%{ggiransm ssion system can
be constructed having the usual strategies¥ or age reliability control

i ncl udi ng preenption cunul ati ve  acknow edgenents, automatic
retransni s$Qon, rel ay assistance, eor BdREcti on coding,

The packet dat o r oceMDEre Duirsaridas AR Behe Rombhied Pine, e it of e s,

20 the prior mrt. The clash control nmeans according to the present
i nvention includes

The sum of the squafeé of the three residuals is also coniputed as the

delta-metric value for that hypothesis. The delta-metric value is added in adder
15 14 to the previous path metric value retrieved from the path metric store number

k to obtain a candidate for the updated path metric. Candidate path metrics are
computed in this way for pairs of states whose binary state number differs only
in the leftmost bit position, -corresporiding to the oldest unresolved bit hypothesis.
Each pair of candidate path metric§ is compared in comparator 15 and the lower

20 of the two is identified. The best predecessor state is then identified as the state
from which the new metric was derived by adding a delta-metric.

The lower metric becomes the new metric for a successer/surv_ivor state
whose number is obtained by shifting to the left place the binary digits of the
state numbers (k, k-+8) of the predecessor states just processed, the oldest bit

25  falling out of the left being dropped and the newest hypothesized bit bi being
| shifted into the first position. In addition, the old contents of the path history
memory as_sociated with the best predecessor state are shifted to the left one place
to become the path hiétor_y of t'hesuccessor state, with a 1 or a 0 being shifted in
at the right hand end according as the best predecessor state was number k or
30 number k+8. '
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subtra t he signal waveform of a successfully dec so t hat
G‘568;r2l'1'ﬁ%5lying packet may be decoded.. A packet radiggﬁgggﬁgéﬁgnornally
contalns a correlator for-detecting a known bit pattern indicating
the arrival of a packet. The correlator may first trigger in response
to a packet received at |ow signal |evels and 25 decodi ng of the packet '
begins. The correlator neanwhile is left running to detect the
- potential arrival of another, overlapping packet. If the correlator
triggers before conpletlon of decoding the first packet, the decoding

i's sus pended but Mdreowdratife tting o residual tﬁptesctcrvahespmvtﬂd path aeiefyof €. g. ,
on a "stack." The decoder then begi ns decodi ng, the
SUBSTI TUTE thephest predecessor state 1 left-shifted by one tnple to become the residual

10 string stored in the path memory of the successor state, the newly-calculated
triple from the delta metric computer 16 assocrated with the best predecessor

5  shifting in to the right hand end of the residual memory. |

When all pairs of states have been pr'ocessed with a new bit hypothesis of

both 0 and 1, the number of successor states is the same as the original number
of states and the path hlstory memones ‘have been lengthened by one entry. The
leftmost (oldest) entry, comprising a residual tnple and a decoded bit value, is

10 then selected from the state having the lowest path metnc 10 be shrfted into the
decoded values store 12. The path htstones of all states are then shortened by
one by deletmg the oldest (nghtmost) entry 'I'hrs completes one cycle of
decodrng, retumtng the decoder to the ongmal state but wrth updated values, and
one extra entry in the decoded values store 12

15 It may be seen that every decoded mformatton bit passes through three
" parts of the decoder which may be descnbed as:
- Bit completely undecided (blt in the state number)
- Bit partially decided (one of a number of candrdates in Path
| Hrstory) '
20 - Bit finally decided (in the decoded values store 12)

The number of decoder cycles a blt remams in the "completely
undecided" state is equal to the length of the state number in bits, which is one
less than the constraint length of the code (the length of the encodmg register).
The number of decoder cycles that a bll remains in the “partially decided” state
25 is equal to the length of path history memory 11 which is somewhat arbitrary.
Expenments show that no srgmﬁcant tmprovement in decoder performance
results from using path history lengths of more than about four constramt lengths
- sometimes referred to as decision delay or decision depth ln certain cases
where finite strings of bits are decoded, as in the case of data packets, it may be

30  possible to avoid making the final bit decisions by truncating the path history,



the secoNPPMRMEY its reconstr %’IééENS bt r act ea”‘ﬁT’Hﬁ?’{%}””s. gnal

| eaving a residual. The d 17 ori gijpal packet is then
resuned by "popping" the saved ===of f the stack and
continues processing the residualf—Tn prlnC|pIe the 5 second packet may
In turn have been pre-enpted by a third, even stronger packet, and a
second set of decoder states are saved on tjf¥e stack, next to the
first-saved states. After the third packet has been decoded and
subtracted, thgsifgopkih sﬂto@f lefgtAtapproimately eqiifittoiiliy decddea rBléé]\esﬁé 2ChehO
conpl ete decodln and then after its. subtraction, the residua woul d

be processed agad aﬂdld%mbloéké“%b@éﬁsw @F@ﬂ@llﬂm%wltba?ék@mr dq:tegmgmqﬂ.e,

ey " P A FiIGE et LR e ePidbhagn U8 o

Preenpti on opepaieas Aipplitdtionf Nb| 084309, 758 DRkt flleg S e?t‘e,‘i‘dlbe?Ci@HQ%' which is
continuously sanpled, digitized and ted into a buf nenory using any one

of the 3 k insarporated diesein iy efergucesi Gising the denchingscofdhe above referenee, ie
e Phes o e sk AR il WA ghRs BeRolmue oot Bl § fa e

di gi tization okrrionichédk, ttheretik i ohance tag anotenktateokill pass thel efroe ¢hedkabMehen

| evel . Each. packet can include a number of known synbo|s that
are conti nual | yail-biting @Eﬁﬂléﬁéﬁi'ﬂgmﬂrﬂ%@@ﬂ&hﬁf‘ﬁﬁdmm@%@'w}ﬂ@“@y

sliding digital,gef {e? \slanﬁ%ﬁﬁlhl@r %%a? &%é}lgé 3 £h unfifsdRe c?xté';gnf gr ently

hi gh I evel of Sorre ndi esence e known
simpl e patlUErn,samfamoﬂgedecbdmgcﬁecsadsfmj is deenmed to exist and a decodi ng
operation is commenced usin theglpo&ti n.nthe sanpe luffer i ndi

the cor r el at orAt 1t PRIt acrarding: iRy gnyention, ths! c%‘??‘é?‘&gb’?% the °
continues to Sefag ?d@&d@d informartod E'}lﬂ 105 énc F-.O‘fr%gfsﬁedv.ﬂ#ut%o lh@t(ﬁEOCF?Cket

If a later packet received at a su i crent ong eveI
correl ator w | landgepresdnt ithgy erputvsigahl withtthebest esnmhteeof thejosti degoded packet
subtracted out. The subtraction has occurred explicitly in the delta-metric
15. computer 16 at the time the delta-metrics were formed. Many candi;laies for the
signal packet to be subtracted were tested and the most likely one was finally
selected together with the saved subtraction residuals. Saving the subtraction
residuals in the Viterbi path history avoids the.need to back track and use the
ﬁnally-decoded data sequence in a retrospective subtraction. While this may
.20  save memory, it does not save computational effort as the process of using the
. decoded sequence in subtraction involves recoding it to form coded bit triples Pl,
P2, P3; operating on coded bit triples using the channel model 17; subtracting
the estimatéd signal samples from the received signal samples and updating the
channel model 17 to minimize the residuai error. While such retrospective
25 subtraction is avoided in the preferred implementation described above, it is not
precluded from using retrospective subtractibn, since this can in certain .
circumstances lead to better subtraction of the already decoded packet. This
arises when updating of the channel model during the first pasS is made
according to one algorithm that is a compromise for best decoding unknown

30  signals suffering from a range of signal fading rates, but after passing an error
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oper at '\8897“469”' y one decodi ng operation can be carrgg?rgﬁ{'ﬁg 6 tinme, the

decodi operation having the greatest initial ‘ue i s
preferably conpleted first. If successful, as indicated, for exanple,
by a cyclic redundancy check (CRC) code, the si gnal waveform j ust
decoded is reconstructed and subtracted as disclosed in U S 30 Pat ent
No. WD 97/ 37469

PCT/ US97/ 04798 18 - 11

5,151, 919. Any suspended decodi ng operation is then resuned, if necessary,

by bashieck rxmmsamg ﬂhﬁt nieanppanémbsfnoueaéchmawsaiomf 1AN§ecbRé channel
subtract ed packet, ‘so voi d any-errors caused by delay in
detecting t Hpdatipg ﬁlsomh@ ‘B&Yt bg|usgd ﬁ&f‘i‘gépsfowcm’e 5“""’*&990 dba ipppEimizedgi ng

the correlatgg, g gginy‘faﬁﬂiéerﬁ(@khéh‘?ﬁé’uﬁé palterd il _ sample

currently belng process o preenptlon decodi ng,

cl ash subtracti onThafial residual,i wweéver obtamed fis ebsatenated With Pprévibuss Sighdlat
all packets initially detected by the correl ator but ' whose decodlng

was suspendedmples %R/Eﬁl‘l?élrﬁ)d‘é?é% Gﬂgd'e%’@ﬁm‘%q Y] 9‘3 sAmsctyps pf gracket

processing to detect and decode any underlymg weaker packet that could not be
detected and decoded before subtractton of the overlymg stronger packet
The Jomt demodulatlon scheme must ‘however be conﬁgured fora
predetermined number of potenual overlappmg packets, for example._ two. Each
10 packet may be convolutionally encoded after an_y applied bit order or modulo-
additive scrambling, and the joint demodulation scheme.sirnu_ltaneously attempts
to decode two unknown, overlappin_g packets using a joint Viterbi SMLSE
algorithm After each new 'symboll has been prOCessed .the.decoded contents of
the therb: states are checked for CRC by ﬁrst applying a tentatxve descrambling.
15 If thts state does not hold a va.hd message or if the tentanve descrambhng is
applied to an incorrect data shift, no CRC wrll likely result. However, when the
state continues to decode messages at the correct bit alignment, a CR'C' will result
and that message can be extracted for further processing " Furthermore, the
Vlterbr SMLSE algorithm can prune out hypothesrzed states on which CRC dld
70 not check in order to ‘improve the decoding probability of a possible second
underlying packet. The Vlterbx SMLSE algorithm can also be 1mt_1al1zed to use
the processing capability"so released to :search for yet a third packet.
When a Viterbi SM_LS'E' algorithm is used, it is possible to save the errors
between hypothesized and received signal Wa?eform samples in the state
25  memory. This actually represents the residual of the originally received
waveform with the hypothesized message subtraeted It is possible to recursively
process thrs resxdua} agam using any of the techmques already descnbed to
. uncover weaker packets. In this way, all overlapping packets can in principle be

' decoded, all the way down to the signal strength limit imposed by noise.



nor mal skﬁq”ﬁ?“?’he art will recognize that such decodi ng o;?&réﬁya'ﬁ%”gan be

10 performed by a programmabl e signal processor (DSP) and that saving the
state vari abl es of a preenpted decodi ng operation in order to
per f or m anot her operation can be achi eved by the known techni ques of
using a stack for tenporary variables, in the formof programi ng
known as recursive or re- entrant. Evgntually, after decoding the
~earliest detected packet and subtracting 15 it, the entire buffer can be
processed again to sewilf bé Bppreciated BaPh pabkeél AataP§Ystent @ccording todfé BrdseNY
weaker underlying packets that earlier were masked by the pacCkets

that were just HYBRtiQeanibe joaded wp toonpweh greatergafific throughput level befael

packets di scove . ccessful Ly decoded by the abgve nean re

assenbl ed accprfﬁllﬁﬁﬂﬁggla?lﬁeé @%&%‘&B‘é@?’%ﬁ;s%ﬁ 3 nglai?ﬁﬂ" only %@ﬂ%t‘he |
nunber .20 i nitforiges SRURSIwO Clabhad fakkeBWith 368 ofcthe IweaRBigggied to relay any
of these nessages, - it must initiate its transmtter to acknow edge

t he hi ghestdpacket n¥¥iBle partieulay embodiments of the presepd jnvantion dave beens by
constructing th NSNLSSHOR: ' CaLkransmtier fr
whi ch they wer e&?sggg&féﬁ%ﬁl\%s 5 Fe?éIﬁﬂ]soflinn“gljé)ggtﬁ'gd%%&oflet\l}%tr@g ihvERtih is Hbt limited

transnissi on t hihersyd sineetmadifitativhsphay be nkidedyy persdnseskinedinemgFentThéor a
25 particul ar messagg sequence. The packet- for transmi ssion is then
entered into thRresent appligatignseanteryplates anx and| all medificationsothabfalt wishin the

ol ay & parti ot B e the undenlfpShpiSh dilcibdey ' FMeFersthor a1 -

The above description is focused on clash elimnation by subtraction of 30
al ready decoded packets. For situations where two overlapping packets of
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simlar signal |evel cannot beJ decodarhbiarahi s , the joint denodul ation

t echni que can be enpl oyed i nst ; his w (”Immulﬁi
HITH ..

t he same tinme as an alternatlve t echni que for

detecti on. The use of a Cyclic Redundancy "Chéck (d'-?C) code
to det erm ne whet her 5 a packet” has “pgen successfully decoded has

al ready been discussed. It is also possi ble to performa CRC check
on a slidi nCpamdgw after processing every sanpl e, so as to detect
whet her that sanple represented the end of: a valid g{ In this
way, the CRC check al s& prsiendfortransmiting qigisl Qﬂaﬁpgsjzgg%between aPB@!'@bt i on.

Anal ysi s anceunRlsi 418SmBA ool AihicRhond dinfdRCostipakTgean, Tosult | 10

in false in one or nore s ol's early or e I n the nessage
processi ng. Accordi ng assembling syeans fﬁaﬂsﬁabbngesadtdatmmem'gmmtd data can be
prevented either hy the usg of bit se ue%m scranbling before transm ssion

and 5 nackels dReliding address apd cal 34987 eby the use of a
p‘;gg: \C/’é?dg;} l)\r/: decod nraﬁﬁﬁ:?dﬂ%]hﬁgnm‘irdn%m'ﬁmg's%dsdﬁ?é bé&&f‘sdfrah &
stations over said common channel using appropnate data representative
waveforms or modulat:ons
receiving means for receiving a composue wavefonn representanve
10  of said data packets including potentially time overlapping data packets;
processing means for processing the received composite waveform
to decode at least one packet; and
means for reconstructing the waveform representative of said at
least one decoded packet and subtracting it from said received composite
15  waveform to obtain a residual waveform wherein said residual waveform is

subjected to further processing to decode at least another packet.

2. A system according to claim 1, wherein the first packet to be

decoded has the greatest signal strength.

3. A system according to claim 2, wherein the next packet to be decoded
20  has the next greatest signal strength.

4. A system according to claim 1, further comprising:

means for preempting the processing of a packet when a stronger
overlapping packet is received so that the strbnger overlapping packet can be
processed;

25 means for storing the state of the partially processed packet.
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15 scran%ﬁ'ﬁ"“?rask is subtracted on the wrong shift, |t_\/\fﬂmﬁ oV el

the mask applied at thi Frromsmettes—an us will not decode a .
val i d nessage. By using oTi'éS(ﬁ’r-'EtﬁTth&BEEhege means Imr“"ﬁml(ﬂ "11 :
message shift are prevented. - F*EPLACE:)Accor!dzll ng to rJ\ '
dermodul ati on schenme, all sanpl es are regardetas—— po’t e ial 8taftihg
points for all nessages. Figure 5 shows a Vpjerbi decoder structure

for decoding and subtracting a data packet. Wile this Fi gure 5 shows
the essential el emens.s.A sydiem aebordiny fo ethind 40 aetieréin i PleARY of Ha¥Ketd e8h be

omtted for si.nplificat, | on, such as sync correl ation and channel
estimation, ded?fﬁ‘PfEPﬁeﬁ@“d stored if stﬁ@mpvadmu&gacm@rqu@t ection and
such like. It shall be understood that - the onmtted elenments are

intended to formpart of a conplete inplenmentation of 25 the invention,
but are not material6t® aysiﬁﬁczfcbw"igltd)élairﬁfs \WhepéiRi th® sQ6RESO Stored packet is

The Viterbi processor_ accepts, digitized,si gnal sarrpl es fromthe radio

recei vi ng chai ﬁequtqdh@rf"ﬁ?“rﬂmp rpRoEsssIng fiarshe stronger gHapRipatrarketas.
The cription is based on the arbitrary assunption
that data trangdréeﬂﬂéé&sgtas t he packet has been coded with a rate

1/ 3rd convol utional code, but ot her codes 30 and rates can equally well

be used. WO 97/ 3 469
PCT/ US97/ 04798 A method for transmlttmg digital data messages between a

plurality of stations us_mg a common communication channel, comprising the
steps of: .
: assembling said data messages into data packets'including address
10 and control information; '
transmitting said data packets from said stations over said common
channel using appropriate data répresentative waveforms or modulation;
receiving a composite Wavcform representative of said data packets
including potentially time overlapping data packets;
15 processing the received composite waveform to decode at least one
packet; and _
reconstructing the waveform representative of said at least one
decoding packet and subtracting it from said received composite waveform to
obtain a residual waveform, wherein said residual waveform is subjected to

20 further processing to decode at least another packet.

8. A method according to claim 7, further comprising the steps of:

preempting the processing of a packet if a stronger overlapping packet is

received during said processing;
storing the state of the partially processed packet;

25 decoding said stronger overlapping packet:
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13 The Viterbi processor then processes W ' rrpl es
intrip %?’37469 correspondi ng .to the choice of a ram{'&?@b 7§a whi‘ch

produces three coded FSYFEeTS_T O g i ginal information nbol .
After each processing cycle, jlofdiS SHEET HA X%{E%Q 3na| ori g I mul Mﬂ)mr S
decoded and a correspondi ng “ ol eR Gf"-f*@‘g@dua.l__ |
out put, equal to the correspdna ng three received S|gnal sanples :
with a best estimate of the decoded signap subtracted out. Successive
triples of residuals forman output stream whi.ch can be processed again by

a like \fet'@fsb-ucmpdﬁwaveﬂomaleﬂmmamboﬁdmdai&cotmiestfqngag pac ket
t hat was masked by, ust decoded. th

reference t ®ve1l w‘ﬁg Qac’f%éngﬁgpﬁg?tmg B Q'Héa%di Eﬁ‘iﬁ‘l"eg GBFWSE’[“? V’é"QfPf‘é‘rlﬁl
processor V"'dhltalﬁ‘% F&ldi'ﬁFWa'v@ﬁﬁlm -Thag decoder conprises a nunber of state
menori es each corresponding to an as-yet unresol ved nunber of hypotheses of
i nformation bit sesumingeprocdssing efespic poeenipted gackelf i ed wit h the |atest L-1
bits ~ hypot hesi zed, where L is the constraint |length of the code.

If L=5, as 15 exenplified in Figure 7, this results.in . .

2[err] 2[err] 1 g td e
number s_sl o1 ﬂeﬂ{&ﬁaccog%lg zi?eda "W t'hagg%ﬂ{ gﬁ’ ‘?ﬁgﬁwnﬁf&géed}ggy%ﬁ%aﬁs i S
a pat h hi st qurgemptedrapd Stored if stronger cvedapping pahbetham wcgived. bit hypot heses
that led to that state, and a correspondi ng :

10. A method according to claim 9 wherein the stfongest stored packet
is selected for resumptxon of processmg after the stronger overlapping packet has

~ been processed.

.lO ' 11. A method according_ to claim 1; wherein the ﬁrs_t packet to be

decoded has the greatest signal strength.

12. A method accordmg to clalm 11, wherem the next packet to be

decoded has the next greatest signal strength
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20 . setw% 7’?‘7é'ss?dual triples denoted by PCT/USITATIS
[err]Z[err] where i signifieslthe index of the bit the triples was
associated with, j identifies -one of the three conpl ex val ues of
the triple, and k identifies which state the 25 candi dat e val ue of
Z[err] is stored in. Al so associated wth each state is a
path netric store 13 containing a - value indicative of the

|i kel i hood that theé hypothe5|zed bit sequence is the

14 sequence_t-hat Was transnitted to the receiver. A cycle of
decoding is controlled. by - ~controller 19. For each of
the old states, the controller appends a new bit hypothesis (b)l and

together with the four bits of the state number obtalns a nunber of its
equal to the

Fig 1

HEADER . |
INFORNATION an- 2




5 encqgggmgﬁggtraint | ength (block length), i.e., five bpdFussosrs
current exanple. The bl ock of bits is subnmitted to a |ocal copy of

t he encoder process 18 to obtain the 2/5 encoded bit triple that would be
expected to be received if the five bits are hypot hesi zed correctly.
These three coded bits P1, P2, P3 are then processed using a channel nodel
17 which nodels how the transm ssion path fromthe transmtting encoder to
the input 10 of the delta- netgic conputer 16 affected the coded bits. A

radi o channel can incl ude, ~Ras wel |l as radio path attenuation

applying a phase-angle rotati o transmtted signals -and addi ng

del ayed versions of the signal ing rise to intersynbol interference. The
effects of the channel nay be mat ed using a known bit pattern or
syncword which is al so us | in detecting the start of a packet.
Channel estimates initially madg with the 15 aid of a syncword may be
updat ed after decodi ng each bit Jusing techni ques disclosed in t he
foll owi ng applications: UlS. Patent No. 5,063,573; U S. Patent No.
5,185, 764; U.S. Pat nt No. 5,164,961; _ _ _ U S _Patent No 5,199, 047; U.S.
Patent No. 5,081,6 U.s. fPateqt No. 9: U.S. TPatent No.

ent No. 5,557'645; 20 and
aaove pal ents And appl i cations
RS t hefpeppaght i on path

it P t pravs— ®el | FasRi or

nkgo@n pits. ™ ! The
pRetedpn@d f“? the techni que of 25

5,335,250; U S Pate . 15,577, 068;
U.S. Patent No. 5,673,281. ! R
provi de precedence for nakitng
characteristics with the aitd o
updating the estinmates aftdr de
| atter patent application dlso

denodul ati ng and decodi ng 3 si g/ | taneoufply, as is dome in the
preferred i mpl enent atyi on _df the present 1 nvention._Thus, the
paraneters of the cha | nodel {17 may be initially - estinmted and
subsequent | y updat ed. channg|l B
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7137469 : :
15 . . ‘?\vgva pa%ﬁket whi ch " preenpt ed” #Ese first packet. Upo#qgllﬁgl-"gf%n of
decodi ng paraneters are the used convert the coded bit Bool ean
values P1, P2, P3 into expected received conplExXvartes R, R—RS™
which are conpared Wath actual ly recei ved val Lg Rl, R2, R3in |
delta-netric corrpute% g. The Delta-netric conputers 16 forms a triple
: S TN
of residuals: t&% S [err]Z[err] =
R1- R1 \ [er‘r]Z[err] = RR-R2 10
2 Qs -
g - S|S e
- :‘t - - < | T
$S S
oY)
Y Ry
S S
S R ‘e.:
SF oS =
§§ o _[| =S - & bt
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[ err] Z[ eywd gimsvedy R3
using the bits of state

the three residuals is also conputed as the delta- 15

where the R-estimates arRCHusaIg4m8nput ed

nunber k.

The sum of the squares of
metric value for

t hat hypothesis. The delta=Refric value is added in adder 14 to the
previous path netric valluggrejrieved fromthe path netric store nunber k to
obtain a candi gatg fgr —e—Cafe -
metrics are conputed™Tn |tHRs pay for pairs of states whose binary
state nunber differs onlly jn 3he leftnost bit position, corredpondi ng
to the ol dest unresol ved bt hypothesis. Each pair of candidate path 20
metrics is conpared in c tor 15 and the lower of the two is
identified. The best «r gdecessor state is then identified as tjhe
state from which the gew n@&rfc was derived by adding a delta-jmetric.
The lower netric becGHES ew netric for a successor/survivor stgte
whose nunber is ol by shifting to the left place the binary
digits of the state nunb (k, k + 8) of the predecessor statgs just
processed, the oldest bit ffalling out of the left- bei ng droppdgd and

t he newest hypot hesi zeds+ being shifted into the first position.

In addition, the old co f the path history nenory associated [with

t he best prede&q;ungﬁﬁa e are shifted to the left one place tjo
beconme the path histdry c%§33ma successor state, with a 1 or a0 being
shifted in at the right hane ehd according as the 30 best predecegsor
state was nunmber k or n +8. : :
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Moreover, the string of residual triples (z-values) in the path menory of
the best predecessor state is |eft-shf<®y ont triple to becone the

resi dual string stored in the pgih eng' go' rv gt he successor state, the
newl y-cal cul at ed triple fromt h.@E dt ? m§§§ conputer 16 associ at ed
with the best predecessor 5 shmitijhglinfto tige right hand end of the

resi dual nmenory. ) ,ﬂV\hen al | pajrs of states have been processed
wi-th a new bit hypot hesiﬁatj*_—"‘:oth&g&nd t he nunber of successor

states is the sane as t EE’L na¢.;urr§f5§ .

hi story menories have b%@%%t hengd % g Ty —Fhe §\t. -
(ol dest) entry, conpri ing*é"f‘ﬁ& aﬂql tri and a decog t="|<3="10
then selected fromthesksState having ' pat h netrji -ttt

into the decode&;gal UeSe-S
are then shortened by % §

This conpl etes one cyc§e of
original state but w t¥ ue

decoded val el
ecoded va &Q,ﬁ
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15 It may be seen that every decoded information bit passes

t hrough three 3 decoder which may be described as:

- Bit conpletely Rﬁ?&éeé{qlh@-%mﬁ](bi t in the state nunber) . - Bit
partially decidgd (one pfl a nunber of candi dates in Path

Hi story) 20 Bi 112 iJUN 1998deki ped - (in the detoded val ues store
12) - The riunber of} dpcoder cycles a bit remains in the
"conpletely —mdecr ded” staje is egual to the length of the state
nunber in bits, fwhich is_one | ess'than the constraint |length of the

code (the | ength of .the codi. register,). The nupber of decoder
cycl es thé?m%'gadi“(avlﬁg 'n?ﬂ? ﬁes[uﬂ.%.l.w g?@% '% {henfurtherprogessed togftemptdoequal t o
the | engt 'ﬂe@&%eoﬁtl&sl%ﬁé?ﬁrmé?ﬁﬁ?ﬁéf. 11 which is sonewhat arbitrary.
Experiments show that no significant inprovenent in decoder perfornmance
results fromusing path history |l engths of nore than about four constraint
| engt hs . - sonetinpes referred to as decision delay or decision depth.
In certai BuefDescription of the D@Wings t e strings of bits are decoded, as in the
case data p | . . ' voi d maki.ng t he fi.nal
bi t dgsi Si ons g@ﬁ(%%éé{xﬁdggX?Lﬁgm}gﬁ? rt\hﬁn??%t?%ﬁ?&vﬁl hgw%.e degcrr&lﬁ in fnore detail
with reference to an accompanying embodiment thereof illustrated in the accompanying

drawings, in which:

Figure 1 illustrates a packet; _

~ Figure 2 is a fundamental schematic of a CDMA transmitter and receiver;
10 Figure 3 is a functional schematic of a CDMA subtractive demodulator
according to one embodiment of the present invention;
| Figure 4 is a functional schematic of a signal strength processor illustrated in

Figure 3; and -

Figure 5 illustrates a Viterbi Decoder for packet clash subtraction according to

15 . one embodiment of the present invention.

Detailed Description
In U.S. Patent No. 5,151,919, a novel technique for demodulating overlapping

signals, i.e., a composiie signal, alternatively in descending signal strength order

20  starting by demodulating the strongest and then subtracting it out of the composite
signal before demodulating the next strongest is disclosed. At each stage, the sum of
the underlying interferers should not be so great as to prejudice the decoding of the
strongest. Thus, the number of overlapping interferers that can be tolerated depends on-
the desired signal to interference ratio (C/I) and on the signal strength distribution.

25 Figure 2 illustrates a conventional CDMA system. Digital information to be
transmitted over an RF communication channel is coded in a CDMA encoder 20. The
coded signal is used to modulate an RF carrier in a mixer 22. The modulated carrier is
transmitted over the air interface via a transmitting antenna 24. Other digital

information from other transmitters (2 ... n) may be transmitted
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17 using a path history length approxi mately equa_l to the decoded

" bl ock size. Then, each candi dat e bl ock maj npl i ance
with an error detecting code, starting Wi MEN G SHEET t he
| owest final path netric, as described in-US. Pptp AR , 577,053
Usi ng the teachings of the above reference, if, Hup 4@ gijsqggPt ?‘}e Sstate
wth 5 the lowest netric contains errors caus{ng it to fall tihg error
check, there is a chance that anag her state"vvi-l—i—-‘pa-ss—t—he‘ rror
check. Wien tail-biting (circular coding and decpdi ng sed, the

I's
decoder a2he Qi RAR Lhity FEAE S8R OF 67 e thrfidhior S IR 2! €

again unt it crrterton satPsfactory decodrng 1s sat

At that pQgjgnhl isasir@edeRdmimtdr eThe vapabilignof theienRduMtioh tad be efdubd e Wi t h
the 10 finally decided information synbol seg}uenc.e are al so output from
t he decodaecessaty by use afapyuéBeinnt amaunt ngmtelbggn andyvidih expansionttheggighmat e of
t he just decgode acket subt.racted out. .The.sub ction has. occurred
expl | or (1 FORRE, rEvagor tie RoRAASH Bt shos nead AR /T Faioap i)

del ta-4ret gy tb Yetfdul Q@ﬁiﬁu&%ﬁ%\l 4916% drlhodelGvetla lsedt sijihe
subtrasgfe lgiJ()\“}\ﬁf)t\%/lareet es%lgd and the rrgst Iike?y one E\Agi?gfsi&;\igl I ysgdg ected
t oget her \éviehby luse shjoink demodutarionr dotnt demodsiation lisvol Bs\simyltadeeudybt r act i on

residuals in the Viterbi path histo avoj d the need tp back track
and use t HUPAESIFINg ORE SMeRItiesk symbol frrreeh of the QvsFiABRIFE Pedlations and

subtract | Bﬁﬁé\m&eepésm&tew esfi?iﬁ‘?e {He'5H sig%% é%’égggoﬁlﬁtbe%kf&v&? nw%at i onal

effort as process of using the sequence 1 n subtraction

i nvol ves pemaliedgived sighaf Qrthercasiephred with the estimatpd ssmRignaPand 8% operati ng
on coded bit triples using the channel pode|l 17; 20 __subtracting the

est i nEQ ed hypeshesis ibrematelan thazeceived sizngl isirgiaineds aYYheB symhels @gflat i ng

received from N transmitters synchronously, the joint demodulator approach can be

implemented by means of a Viterbi sequence maximum likelihood estimator of M
to the power 2N-1 states, where M is the size of the symbol alphabet (M = 2 for
binary).
15 | Accbrding to the present invention, a packet data transmission system can
be constructed having the usual strategies for message reliability control including
preemption cumulative acknowledgements, automatic retransmission, relay assistance,
error correction coding, addressee-addressor information and packet numbering. In
“addition, the packet data receiver embodies a more powerful clash control means than
20  the prior art. The clash control means according to the present invention includes
subtraction of the signal waveform of a successfully decoded packet so that an
underlying packet may be decoded. A packet radio receiver normally contains a
correlator for detecting a known bit pattern indicating the arrival of a packet. The
correlator may first trigger in response to a packet received at low signal levels and
25  decoding of the packet begins. ;"fhe correlator meanwhile is left running to detect the
potential arrival of another, overlapping packet. If the correlator triggers before
completion of decoding the first packet, the decoding is suspended but the state of the

decoder is saved in memory, e.g., on a "stack.” The decoder then begins decoding the
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t he channel nodel 17 to mnimze the residual error. Wile such

retrospective subt ract ion is avoided in the preferred inplenmentation
descri bed above,t+t—t+s—ro recl uded from using retroespective
subtraction, si Hc&EPMQfW $EEeftain circumstances -~ ll.ead to better

subtraction of tjhg arready decoded packet Thi's arises when Updating of 25
t he channel noddl duvl-hn Nh?qgl nstt pass i s nmade according to one algorithm
or

that is a

a range of sign
SUBSTI TUTE SHEE
PCT/ US97/ 04798

10

15

gnpr onT se Regqt deco@ ng unknown signals suffering from
iln -eeH-g ratles, but” after passing an error
WD 97/ 37469

the second packet, its reconstructed waveform is subtracted from the signat leaving a
residual. The decoding of the original packet is then resumed by "popping" the saved
decoder state off the stack and continues processing the residual. In principle, the
second packet may in turn have been pre-empted by a third, even stronger packet, and
a second set of decoder states are saved on the stack, next to the first-saved states.
After the third packet has been decoded and subtracted, the second set of states is
retrieved from the stack to complete decoding and then after its subtraction, the residual
would be processed again to complete decoding of the first packet. In principle, no
clashed packet need be lost, but there will be a practical limit on how many
simultaneous clashes can be resolved.

Preemption operates in the following manner. The received signal is
continuously sampled, digitized and fed iﬁto a buffer memory using any one of the
known radio or wireline signal AtoD conversion techniques as appropriate. For
example, in the radio case, the log polar technique described in U.S. Patent No.
5,048,059 is well adapted to the digitization of intermittently arriving signals of
unpredictable level.

Each packet can include a number of known symbols that are continually

- searched for in the buffer memory samples using a sliding digital correlator. If the

20

25

30

correlator reaches a sufficiently high level of correlation which indicates the presence
of the known simple pattern, a packet for decoding is deemed to exist and a decoding
operation is commenced using the position in the sample buffer indicated by the
correlator. During this decoding operation, the correlator continues to search on a
sliding basis for reéeipt of a later packet. If a later packet is received at a sufficiently
strong level, the correlator will again trigger which initiates another decoding
operation. If only one decoding operation can be carried out at a time, the decoding
operation having the greatest initial correlation value is preferably completed first. If
successful, as indicated, for example, by a cyclic redundancy check (CRC) code, the

signal waveform just decoded is reconstructed and subtracted as disclosed in U.S.

Patent No.
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18 check indicating that the bit pattern is now accurately known. A

- second channel updating al gorithm may be used during.retrospegtive
subtraction that is optim zed for tracking angebpsi¢EMENTASHEEThGN the
date pattern is known. . The final resigdu e t. 4 ned,
I's concatenated with- previous signal 5 sanpl es o i mlar resipddalls and
resubmtted to the sane type of packet proce dZdU&b@bt and
decode any underlying weaker packet that.  could not p det ec and
decoded before subtraction of the overly} g strongel packet.

The joint denodul ati on schene nust however pe confi ¢ df-ot—or

pr edet er i S¢QHERAEHHAY Wat UARYINHEY £ thGFEFaIvETpi ‘gé’yﬁl&(ﬂfﬁ%ﬁi%F ORERPPEDY t wo.
Each 10 c%%%‘f’lter@y be convol utionally encoded after any applied bit order
or nodul o- additive scranbling, and the joint denodul ati on schene

si mul t aneously &bt eagi of the old states, ttie conkzollerappeddsoanew bitdrypathpsin (h)packet s
using a joint Viterbi SM.SE | gorit After each ne nbol has

been pr oceansclggethpe witdctbe é‘éf-‘fdﬁﬁtqﬁlﬂgs%‘ie numrl,”ér obfaias &/ pREpes o slfsg%é@l t&rtge
heck f ' ' t at | | t hi
tate Soecasohon Sinytralef BP0l Reb G BYE LE BELRTRRI AR exanle, The (1S

appl i ed t op]88K bPBRS iaibnitedicidcal copy dEithe eidddet prazkss 18mublitain kissrever
when t he state continues to decode nessages_at the correct bit

al i gnment ,engodRCbigitriplerthatwould be expegerita bufecaived afyde £iys bt agshynashesized or

further processin Furt hernore.. t | . rd n
prune out GRHST e_gTEféa egtcggeo l%\ﬂi‘?gﬁ’ Eaér?jl}ﬂcfh%géesnot cﬁgé% r?tegﬁggg to
i mprove t hey dasa0nbaelp howathk itahymizkion pagsHbRl the si@@sMilting encodetiadte inpuog
packet. The Viterbi SMLSE al gorithm can also be initialized to use

t he pilBcesafithg delpatetric somputerc] Gaffected e seded hits. oA spdio chappglcan jpclyds:

as well as radio path attenuation, applying a phase-angle rotation to transmitted signals

and adding delayed versions of the signal giving rise to intersymbol interference. The
effects of the channel may be estimated using a known bit pattern or syncword which is
* also useful in detecting the start of a packet. Channel estimates initially made with the
15  aid of a syncword may be updated after decodiag each bit using techniques disclosed in
the following applications:
U.S. Patent No. 5,063,573; U.S. Patent No. 5,185,764; U.S. Patent No. 5,164,961;
U.S. Patent No. 5,199,047; U.S. Patent No. 5,081,651; U.S. Patent No. 5,297,169;
- U.S. Patent No. 5,335,250; U.S. Patent No. 5,577,068; U.S. Patent No. 5,557,645;
20 and U.S. Patent No. 5,673,291. |
The above patents and applications provide precedence for making estimates of
the propagation path characteristics with the aid of known bit patterns, as well as for
.updating the estimates after decoding unknown bits.
The latter patent application also provides precedence for the technique of
25  demodulating and decoding a signal simultaneously, as is done in the preferred
implementation of the present invention. Thus, the parameters of the channel model 17

may be initially estimated and subsequently updated. The channel

SUBSTITUTE SHEET

ALENGED SHEET



V\hen a Vterbl SMLSE al gorlthmls used, I S possi e e—tie Fi*zors

bet ween hypot hesi zed and recei ved S|gnal maveforn1s rnﬁEBhAGHﬁENI S
eSHE 25

menory. This actually represents the.residual of th rlglnally rec Jed
rggﬁﬁgrﬂ]rnth the hypot hesi zed message-subtracted. ‘it i s4p0 ?ﬂ

ively process this residual again using gny of [
ajre?dy Qescrlbid to - uncover weaker packets. | 4 ; te nlques
over| appi ng packets can in principle be decoded, all the
the signal strength linit inposed by noi Se. VO 97137469 C oy Qden to

PCT/ US97/ 04798

It will benesppacker whish ‘preempteds the firss packet, (Upan sompletion of decoding
i nvention %%B&{ @%%éejuc th LoRvErt e &B@@bﬁdedl@Jrﬂ‘MIuésmnlM%tmbeer;sent

bef ore

ashes degrade performance, than a systemthat can

only decodgpkdted recewed cosiplenyainesoR1; R2, Rs\mmlame@npm%wsth\mcmﬂv oss of

t he weaker one

i nvention mw&ecbé@lﬁes R1, R2, Raég\gf:i“b %fg%g‘?l{ll"?‘ﬁgﬁggﬁgﬁrﬁﬁ ﬁ‘%?l?yqlrteq'sem

under sood, Lpat, th t%p'léwf"&tsidﬁgls‘ s not limted

kZil = RI'RI

¥Z, = R2-R2
10

kZi3 = R3'R3

where the R-estimates are being computed using the bits of state number k.

The sum of the squares of the three residuals is also computed as the delta-

15 metric value for that hypothesis. The delta-metric value is added in adder 14 to the

previous path metric value retrieved from the path metric store number k to obtain a

candidate for the updated path metric. Candidate path metrics are computed in this way

for pairs of states whose binary state number differs only in the leftmost bit position,

-corresponding to the oldest unresolved bit hypothesis. Each pair of candidate path

20  metrics is compared in comparator 15 and the lower of the two is identified. The best

predecessor state is then identified as the state from which the new metric was derived

by adding a delta-metric.

The lower metric becomes the new metric for a successor/survivor state whose

number is obtained by shifting to the left place the binary digits of the state numbers

25  (k, k+8) of the predecessor states just processed, the oldest bit falling out of the left

being dropped and the newest hypothesized bit by being shifted into the first position.

In addition, the old contents of the path history memory associated with the best

predecessor state are shifted to the left one place to become the path history of the

successor state, with a 1 or a 0 being shifted in at the right hand end according as

30  best predecessor state was number k or number k+8.
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thereto since no lons_may be nmade by persons skilled in the art. The

present applicat

t he spir ?REF&OB&W E

“under | yi ng invention disclosed and
cl ai red herein. . e : AN
20 CLAI VS 12 JUN 1998 1. A systemfor transmtting digital data
messages between Jurality of stations using a common

comuni cati ons assenbl i ng neans
(20, 20') for as nessadgs into data 5 packet s

I ncl udi dd d trol inf tjon; .
e D, ke R 5505l pPLeR iR henk i e dacode losksin. <Thors each o
stations ovehdidflebi6EHRY bE Riilor ESiPRartRRFitPAd Birbr 9&%@iﬂ£&§d§?§%&%‘ ve

wavef ornms or . nodul ations; recelvi ng’ neans (26)
for recei viwith thecstatp daving thelosfesr final pathametnicats described in U.S. Patent No.

5,577,053. Using the teachings of the above reference, if, due to noise, the state with

hannel , conpri sing:

5  the lowest metric contains errors causing it to fall the error check, there is a chance that
another state will pass the error check. When tail-biting (circular coding and decoding)
is used, the decoder may also optionally continue reprocessing earlier signal samples
again until some criterion for satisfactory decoding is satisfied.

At that point, according to the invention, the residuals associated with the

10  finally decided information symbol sequence are also output from the decoder and
represent the input signal with the best estimate of the just decoded packet subtracted
out. The subtraction has occurred explicitly in the delta-metric computer 16 at the time
the delta-metrics were formed. Many candidates for the signal packet to be subtracted
were tested and the most likely one was finally selected together with the saved

15  subtraction residuals. Saving the subtraction residuals in the Viterbi path history avoids
the need to back track and use the finally-decoded data sequence in a retrospective
subtraction. While this may save memory, it does not save computational effort as the
process of usfng the decoded sequence in subtraction involves recoding it to form coded

- bit triples P1, P2, P3; operating on coded bit triples using the channel model 17;

20  subtracting the estimated signal samples from the received signal samples and updating
the channel model 17 to minimize the residual error. While such retrospective
subtraction is avoided in the preferred implementation described above, it is not
precluded from using retrospective subtraction, since this can in certain circumstances
lead to better subtraction of the already decoded packet. This arises when updating of

25  the channel model during the first pass is made according to one algorithm that is a
compromise for best decoding unknown signals suffering from a range of signal fading

rates, but after passing an error
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10 of said data packets including potentially time overlapping dat a
packet s; Ltllllllﬂlll{l““lll‘t”l“procesm ng neans (44) for processing the
recei ved conp t o decode at Ieast one packgt

| east one decoded packet and subtracting it from sai d recei ved conposite
waveformto 15 obtain a residual waveform wherein said residual waveform
is subjected to further processing,go decode at |east another packet;
means for preenpting (19) the processing of a packet when a stronger

over | appi ﬁp&ﬁgt I's received so that the stronger overl appi ng packet can

be d; and 20 nmeans for storing (11) the
state of the partial Wsﬁtmmsﬁimhgfd;gnal data messages between a plérafiypbem
according to claim1, wherein the first packet to be decoded : has t he

gr eat est stagiems wmge:ng@mmon cpmimunications chagnel, compgisiagem according to claim -

2, wherein the next pack to be next reat est si gnal
trength. Rabling fhedfs (IE 20 faseafmbﬂ%géal e ey ot
plural sty &Ek@@%ﬁﬁ&inﬁ%ﬂdﬁ@s and control information;

transmitting means (24, 24’) for transmitting said data packets from said

stations over said common channel using appropriate data representative waveforms or

- modulations;
receiving means (26) for receiving a composite waveform representative

10  of said data packets including potentially time overlapping data packets;
processing means (44) for processing the received composite waveform

to decode at least one packet;

means for reconstructing (46, 48) the waveform representative of said at
least one decoded packet and subtracting it from said received composite waveform to
15  obtain a residual waveform wherein said residual waveform is subjected to further
processing to decode at least another packet;
means for preempting (19) the processing of a packet when a stronger
overlapping packet is received so that thé stronger overlapping packet can be

-processed; and
20 . means for storing (11) the state of the partially processed packet.

2. A system according to claim 1, wherein the first packet to be decoded

has the greatest signal strength.

25 3. A system according to claim 2, wherein the next packet to be decoded

has the next greatest signal strength.

4. A system according to claim 1, wherein a plurality of packets can be
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21 pr t d if stronger overl appi ng packets are
recei ved. Jj!jﬂi' !m llgmma - A systemaccording to.claim4, wherein the
strongest st c * sel’ecied for resunption ‘of. "processing

after the stronger overl appi ng ‘packet has been. 5.." ‘proocesseg,® :

6. A nmethod for transmtting digital data nessages between a plurality
of stations using a common conmmuni cation channel, conprising the
steps of: assenbl i ngl sai d data nmessages into data

packets including address and 10 control information;
transm ttipregempied abdtstored dksttongbr overtappthgspatke@age eaceivedai d conmon

channel using appropriate data representative waveforns or nodul ati on;
5. A system according to claim 4, wherein the strongest stored packet is
selected for resumption of processing after the stronger overlapping packet has been

5  processed.

6. A method for transmitting digital data messages between a plurality of
stations using a common communication channel, comprising the steps of:
assembling said data messages into data packets including address and
10  control information;
transmitting said data packets from said stations over said common
channel using appropriate data representative waveforms or modulation;
receiving a composite waveform representative of said data packets
including potentially time overlapping data packets;
15 processing the received composite waveform to decode at least one
packet;
reconstructing the waveform represeﬁtative of said at least one decoding
packet and subtracting it from said received composite waveform to obtain a residual
waveform, wherein said residual waveform is subjected to further processing to decode
20 at least another packet;
preempting the processing of a packet if a stronger overlapping packet is
received during said processing;
storing the state of the partially processed packet;
decoding said stronger overlapping packet; _
25 reconstructing the waveform representative of said decoded stronger
overlapping packet and subtracting it from said received composite waveform to obtain
the residual waveform; and | '

resuming processing of said preempted packet.
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receiving a conposite waveformrepresentative of sai d data packet s

i ncl udi ng pot l“ :nlll.ﬂmr appi.ng. data packets; 15 ,, .,

processi ng thgmuuewm “ te waveformto decode.at.l'edst.’one

packet ; reconstructing .the waveform répgrcesent ati ve of
said at | east one decodjng packet and subtracting it fromsaid

recei ved conposite waveformto obtain a residual waveform wherein
sai d residual waveformis subjected to fagther processing to decode 20 at
| east anot her packet; preenpting the processing of a
packet if a strgnger AP&EEHO@%[:&HI@QG'&‘HM@ wherein dﬁﬁ%ﬂtﬁ@f e eRdcan Hed

pr ocessi ng; toring the state of the partially
processed preefpted and stored if stronger overlappihgomadkets apaiegeived.onger overl appi ng

packet; 25 reconstructing the waveform representative of -
sai d decoded st_ronger over | appi ng packet and subtracting it from said
recei ved conposgte alceor‘a%ﬁbg:x whdi8in! 68 st itbest R RIPelkerd0 d
resum ng proces ing sal pree pacKet
5 selected for resumption of processing after the stronger overlapping packet has been
processed.
9, A method according to claim 6, wherein the first packet to be decoded
has the greatest signal strength.

10
10. A method according to claim 9, wherein the next packet to be decoded

has the next greatest signal strength.
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22 - a 7. A nmet hod according to claim6, wherein ’121‘\11" r%
of packets cm P RGHIB heELIRBFIAS PRSPV roRiZaTR@Er Over | Qi
eCelved. '

IMIRAR
FUAR 1 o)
packets are _ . Intergational Bugsauppt hod according to claim7,
wher ei INTERNATIONAD APPLICATION PURLISHEDJUNBER THE RAXTENT COOPERATION TREATY (PCT)
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t o lelai-m-9—snherei-pn—the—nRext—packe
—ARe—ei-i—tHe—hRext+—patrket—-o-—e—aecoaeta

Or ¢ @hPilerna iR ppiichdich Nilnber: PCT/US97/04798 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,

(22) International Filing Date: 25 March 1997 (25.03.97) HU, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS,

LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL,

‘ PT, RO, RU, SD, SE, SG, SL SK, T, T™M, TR, TT, UA,
(30) Priority Data: UG, UZ, VN, ARIPO patent (GH, KE, LS, MW, SD, SZ,
08/626,350 2 April 1996 (02.04.96) Us UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,

TM), European patent (AT, BE, CH, DE, DK, ES, FI, FR,

GB, GR, IE, IT, LU, MC, NL, PT, SE), OAP] patent (BF,
(71) Applicant: ERICSSON INC. [US/US]; 7001 Development BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG).
Drive, P.O. Box 13969, Research Triangle Park, NC 27709
S).
s Published
(72) Inventor: DENT, Paul, W.; 637 Eagle Point Roag, Pittsboro, With international search report.
NC 27312 (US). Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
(74) Agents: GRUDZIECKI, Ronald, L. et al; Bums, Doane, amendments.
Swecker & Mathis, LL.P., P.O. Box 1404, Alexandria, VA
22313-1404 (US).

(54) Title: PACKET DATA TRANSMISSION WITH CLASH SUBTRACTION

FST 000 SET C00F
1y ¥ shruce l‘“""“'
»
208 21SS ERIOH EORRECTION il
" AEO0ER i "
a2 ] s u
2E08ER
® “ LERATE
. - LI T
aeeroce aur -
(1] '
1]
serir o SECOND CO0F
w0 R 00 O LertfT c00E
nxsn Co ——
J » .
] 2 EPIOR SONECTAW scehpes
wé_‘ I [ et ) ' s
1 A) -
. REROCER AR
® - P
- AlA : .- 50" }
w sear - "
L hdll
T2 BEXT STAGE

(57) Abstract

A system for transmitting digital data messages between a plurality of stations using a common communications channel is disclosed.
The data messages are assembled into data packets which include address and control information. The data packets are then transmitted
from the stations over the common channel using appropriate data representative waveforms or modulation. A composite waveform
representative of the data packets including potentially time overlapping data packets are received and processed to decode at least one
packet. The waveform representative of the at least one decoded packet is reconstructed and subtracted form the received composite
waveform to obtain a residual waveform. The residual waveform is then further processed to attempt to decode at least one further packet.




