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(57) Abstract

A low complexity,
high performance trellis
decoder adapts the
complexity of the trellis
decoding process based on
a cumrent condition of the
communications  system.
A trellis structure of nodes

channel. Each set of nodes
in the trellis represents
the possible values of a
received symbo! at one
time Instant. Each branch
defines a specific transition
between nodes at different
time instants, and each
branch- has an associated
branch metric or weight.
A linkage of branches
between the nodes and

| the wellis defines a path

through the trellis that

represents one possible
symbol scquence, and an

_accumula!cd metric/weight i_s generated for cach possible path through the trellis. A variable number M survivor paths through the trellis
is dewm_lme.d based on their accumulated path metric/weights. The value of the variable M depends on the cumrent condition of the
communications system. Once the value of M is adapted to the cument condition, the sequence of received symbols is decoded using M

survivor paths through the treliis.
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~distortion such as co-channel and adj acent channel I nterference, noise,

di spersion, fading, weak signal strength reI lis coding is one 15
t echni que used to encode sequencectHI8 be transmtted, and in
the process, introduces nmenory to th tted signal . Because of

t he introduced rrermr the trans any instant o

depends on prevwgt?gﬁz ransmttegum “me‘mfore I n orderfPtc(IJNSQ&ME‘1
denodul ate the recei ved signal cover the transmtted synbols, 20 the
decodi ng process nust be performed taking into account the whole

sequence of synbol s. The preferred nmethod of synbol sequence
decodi ng i s maxi num | i kel i hood sequencé estimation (M.SE) which offers a
mechani sm f or decoding the transmtted signal optinmally in the sense of

m ni m zing 25 the probability of error. In the M.SE nethod, the received

that  could h%éﬂ%} o B o n KRG B4 T DA PABLE e

t he possi bl e best matches the received sequence of
signals - V\D 97/ 24849 _
PCT/ US96/ 20091 The present invention relates to decoding received symbols in a

communications system, and in particular, describes a decoding
5 technique using a trellis structure where the number of trellis states
or paths retained during the decoding process is variable.

10 In coded data communicaiions, encoded symbols are
transmitted over a communications channel, {e.g., a radio frequency
communications channel) which is subject to various types of
distortion such as co-channel and adjacent channel interference, noise,
dispersion, fading, weak signal strength, etc. Trellis coding is one

15 technique used to encode sequences of symbols to be transmitted, and
in the process, introduces memory to the transmitted signal. Because
of the introduced memory, the transmitted signal at any instant of
time depends on previously transmitted s1gnals Therefore, in order to
demodulate the received signal and recover the transmitted symbols,

20 the decoding process must be performed taking into account the whole
sequence of symbols.

The preferred method of symbol sequence decoding is maximum
likelihood sequence estimation (MLSE) which offers a mechanism for
decoding the transmitted signal optimally in the sense of minimizing

25 the probability of error. In the MLSE method, the received sequence
of signals is compared with every possible sequence of symbols that
could have been transmitted. The particular sequence out of all of the
possible sequences that best matches the received sequence of signals
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2 I s chosen as the decoded sequence. If the length of the
transmtted synbol sequence is N synbols |ong and there are Q possible
val ues t hat each synbol can take, then the M.SE pattern matching schene
tries to determne the best match fromanong  err] possi bl e sequences.
However, even st values of Q and N, the nunber of pot

M_SE search sé%ﬁgﬁgggﬁis too conplex for inplenentation QOhﬁ%ﬂ%“”‘
sinplified solution for performng the ML.SE search is provi ded by the
wel | known Viterbi algorithm To understand the Viterbi algorithm the
search problemis represented as a nethgd of 10 searching a trellis. Fig. 1
Il lustrates a sinple trellis where each transmtted synbol can take one
of four values. Each trellis node corresponds to one val ue of the
transmtted synbol and is often referred to as a state. At each tine
instant/stage in the trellis there are_four_ nodes deflnlng a four-state
trellis. The sd# cbvsméherép@ﬁeslsgauﬁme elf-the lengtiniof the| ttqderl od.

Transi tions betm A7) Fm%jlg Q}%%g
associ at ed W|th poss e syr%o ﬁﬁ!g coﬁ'#i ave eenhhansm t ed.

This structure tbﬁt packesymobohcan take; dhen theMESk-patteyminpatching stheme t he
trellis. tries t6'd8Bknin e Yhe st Match 0 Hllohf Q™ PolsiBi NG heifibs

' ndi cates 5 However, even for modest values of Q and N, the number of potential
MLSE search sequences is too complex for implementation.

One simplified solution for performing the MLSE search is
provided by the well known Viterbi algorithm. To understand the
Viterbi algorithm, the search problem is represented as 2 method of

10 searching a trellis. Fig. 1 illustrates a simple trellis where each
transmitted symbol can take one of four values. Each trellis node
corresponds to one value of the transmitted symbol and is often
referred to as a state. At each time instant/stage in the trellis there
are four nodes defining a four-state trellis. The set of nodes repeats

15 for each transmitted symbol period. Transitions between nodes are
called branches, and each branch is associated with a possible symbol
that could have been transmitted. This structure of nodes (states) and
branches (symbols) defines the trellis.

‘AJnehncor1weuﬁnxsﬁmnnedfhreadhbrandh‘Mhuﬂ1uuhcauﬁ

20 the likelihood of the symbel corresponding to that branch being part of
the true received symbol sequence. An example of a metric is the
squared, absolute difference between a received signal sample and a
corresponding estimate of the sample formed using the symbol
associated with that branch. This metric is referred to as the squared

25 Eutlidean distance metric. A linkage of branches through the nodes
forms a path. The path with the best accumulated metric (i.e., the

innaﬂestsun1ofﬁhelnanchxneuimﬂischnsmn,andthesynﬁnﬂs

MR B L




20 the likelihood of the synmbol corresponding to that branch being part of
the true received synbol sequence. An exanple of a netric is the
squared, absolute difference between a received signal sanple and a

correspondi ng estimate of the sanple forned using the synbol associ at ed
With that brangfgofidsso Metric is referred to as the squared 25p&rrosscensn

di stance netric. A linkage of branches through the nodes forns a path.
The path with the best accumul ated netric (i.e., the smal I est sum of
the. branch netrics) is chosen, and the synbols WO 97/ 24849

PCT/ US96/ 20091 3 3 correspondi ng
t-o the branches of the chosen path are output as the decoded synbol s.

corresponding to the branches of the chosen path are output as the
decoded symbols.
To streamline the search procedure, the Viterbi algorithm
retains only the branch into each node/state having the best/optimal
5 (i.e., lowest) metric and discards the remaining branches into that

node/state. This best branch selection procedure significantly reduces
the number of possible paths through the trellis. Then, from those
possible paths, the Viterbi algorithm selects the path through the
trellis that produces the minimum overall distance. Since it is only

10 necessary to retain as many paths as there are nodes, i.e., there is only
one path per state, the paths that remain at each state/node are called
"survivors". The Viterbi algorithm is a recursive technique that traces
an optimal path of survivors through the trellis. -

The main problem with the Viterbi algorithm is that its

15 complexity grbws exponentially with the number of states (memory) of
the transmitted, trellis-coded signal. With the number of states being
expressed as QN and with Q as the number of possible values a symbol
can take, N represents the memory or dependence of a symbol on other
symbols. A "memory of N" implies that each symbol depends on N

20 other symbols, e.g., previous symbols. This complexity can be reduced
using what is kmown as the M-algorithm or T-algorithm, both of which
further restrict the number of states retained for decoding. In the
basic M-algorithm, for each time instant in the trellis, the number of
survivors is restricted to a fixed integer number M. The M-algorithm

25 chooses the M most likely states based on the accumulated path
metrics. The survivor states having larger accumulated path metrics
are discarded. Another variant of the M-algorithm is to retain the best
(as defined by the accumulated path metrics) M-paths through the



To streanline the search procedure, the Viterbi algorithm retains only

the branch into each node/state having the best/optimal 5 (i.e., |owest)
metric and discards the remaining: aegRat node/state. This
best branch sel ection procedure si | Dreduces the nunber of
possi bl e pat hsyhbyaggh the trellis. Then, fromthose S Spd1/0s9eR009S .
the Viterbi algorithmselects the ﬂmmulnuih“mmt treI lis that
produces the mninmum overall dista only 10 necessary to
retain as many paths as there are nodes, i.e., there is only one path

per state, the paths that renmain at eac‘b state/ node are called
"survivors". The Viterbi algorithmis a recursive technique that traces

an opti nal path of survivors through the trellis. The main
problemwi th the Viterbi algorithmis that its 15 conplexity grows
exponentially with the nunber of states (menory) of the transmtted,

trellis-coded direflisirativin tharhM statése rHefices the MM-adgomithm restrigs ¢hesed as
L err ] oo ™ e B W SRR G BNy i
‘memory of N' iimptantsntthattrellish Unfobiminatelyeifitheaelddted valdecfor Miibtbds, e. 9.,
Phe M atgor i ¢ nRapil-tadre SR 1 ol Rrof febaitte the iRl Y diftanspr (o " *°
nunber of st at alecodiog whihh‘msuﬂsandhmh drrox probabilityasOn theather htvhd) f or
Co’a Tixed i nt af e Relhner Yalus pEM ja XonTHeen Hhs erind SEiadint Hebelmer | ely
states based omﬂ&tﬁy&emph& at ed pat h metrics. The survivor states
e e
associated metric that is below a predetermined threshuld (T) Like
10 the M-algorithm, the choice of the fixed threshold T is critical in order
to achieve satisfactory performance without undue complexity. In
practice, the selection of a threshold T for a particular communications
application that is suitable for all or most conditions encountered in
that application is quite difficult.
15 The problem with a fixed M or a fixed T is that the
communications channel, over which encoded symbols are
transmitted, received, and then decoded, changes. In fact, in radio
frequency communications, the radio channels exhibit constantly
changing parameters because of fading, multipath dispersion,
20 adjacent channel interference, co-channel interference, noise, etc. In

order to compensate for worst case scenarios for a communications
channel, the value of M for the M-algorithm or the value of T for the T-
algorithm must be set to a relatively large number in order to have a
sufficient number of states available to satisfactorily decode the

25 symbols under such worst case channel conditions. However, this is
an inefficient decoding approach because for a large percentage of the
time, the channel condition may be quite good, and a much smaller
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(as def| ned by the accunul ated path nmetrics) Mpaths through the

& trellis rather than Mstates. Hence, the Malgorithmrestricts the
search through the trellis to a fixed nunber of states Mat any tine
instant in the trellis. Unfortunately, if the selected value for Mis too

smal |, there isSyadhhfe probability of retaining the wong M st apesudoghooeP
decodi ng which results in a high error probability. On the other hand,

if the selected value of Mis too |arge, the decodi ng procedure becones
undul y conpl ex. The T-algorithmretains only those states which
have an associ ated netric that is belgpow a predeterm ned threshold (T).
Like 10 the Malgorithm the choice of the fixed threshold T is critical in
or der to achi eve satisfactory performance w thout undue conplexity. In

number of states is all that is needed to satisfactorily decode the
received signal.

What is needed therefore is a trellis decoding procedure with
reduced complexity that can adapt the number of survivor paths or

5 states in the trellis based upon one or more conditions of the
communications system. In radio communication applications, and
especially battery operated, portable radios, transmit power is at a
premium. However, lower transmit power may result in poor decoding
performance at the receiver. There is also a need to reduce the
10 transmit power of fixed transceivers like base station/repeaters to

minimize adjacent channel interference. But this reduction is only
feasible if receivers can accurately and efficiently decode the signals
transmitted at lower power.

15 SUMMARY OF THE INVENTION

It is an object of the present invention to provide a trellis
decoding met;hod and apparatus with reduced complexity and high
performance.

20 It is an object of the present invention to provide a trellis
decoding method and apparatus with reduced complexity, low bit error
rate, and reduced power requirements.

It is a further object to provide a reduced complexity trellis
decoder and decoding procedure which adapts to a current condition of

25 the communications system.
| It is yet another object to improve the efficiency and
effectiveness of trellis decoding procedures using antenna diversity,
frequency hopping, and/or symbol interleaving;



practice, the selection of a threshold T for a particular communications
application that is suitable for all or nost conditions encountered in

that application is quite difficuiH® [WHASBEEM c problemwith a fixed M
or afixed Tis that the conmuni hannel , over whi ch encoded
synbol s are woB‘F/thEd’ rec g decoded, Chang‘g?ms%}zoﬁﬁm’
In radio frequency comruni ca’f'i ! m channel s exhi bi't
constantly changi ng par anet er use o adi ng, multipath dispersion,

20 adj acent channel interference, co-channel interference, noise, etc. In
order to conpensate for worst case sce%prios for a conmuni cations
channel, the value of Mfor the Malgorithmor the value of T for the T-
al gorithmnust be set to a relatively large nunber in order to have a
sufficient nunber of states available to satisfactorily decode the 25
synbol s under such worst case channel conditions. However, this is an
i nefficient decodi rbhappesentiinventios providesldwcgmpbexity highe of the

%WS 7 / tzg,g 43 ha n;pe%or%%'ﬁjéet J:r%ﬂisn&gco%?ng %éteacgaop%(sj ’tr&ﬁg &%co%% cso%i}!a_lle%tﬁsg 6/ 20091
' based on a current condition of the communications system. A trellis
structure of nodes and branches is developed to decode the sequence of
5 symbols received over a communications channel. Each set of nodes in
the trellis represents all possible values of a received symbol at one
time instant. Each branch defines a specific transition between nodes
at different time instants, and each branch has an associated branch
weight. A linkage of branches between the nodes and the trellis
10 defines a path through the trellis that represents one possible symbol
sequence, and an accumulated weight is generated for each possible
path through the trellis. A variable number M of survivor paths (or
states) through the trellis is determined based on these respective,
accuamulated path weights. The value of the variable M depends on
15 the current condition of the communications system. Once the value
of M is adapted to the current condition, the sequence of received
symbols is trellis decoded using the M survivor paths/states.
A first value of M is selected if the current state of
communications system condition is less than or equal to a threshold.
20 Otherwise, a second value of M less than the first value of M is
selected if the current status of the communications system condition
is greater than the threshold. In one embodiment, the first vaiue of M
corresponds to a maximum value, and the second value corresponds to
a minimum value. If after selecting the minimum value of M, the
25 current communications system deteriorates to less than the
threshold, the value of M is increased toward the maximum value in a
controlled fashion. In particular, the received signal once again is
trellis decoded using an increased value of M. On the other hand,

e e
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5 - nunber of states is all that is needed to satisfactorily decode

t he recei ved signal . What is needed therefore is a trellis
decodi ng procedure with reduced conplexity that can adapt the nunber of
survivor paths or 5 states in the trellis based upon one.or nore
conditions of thgo9r248a®mmuni cati ons system In radi 0 conmuni catpic®nse6/20091

applications, and especially battery operated, portable radios,
transmt power is at a prem um However, |ower transnt power may
result in poor decoding performance at the receiver. There is also a
need to reduce the 10 transmt power of fgxed transceivers |ike base
station/repeaters to m nim ze adj acent channel interference. But this
reduction is only feasible if receivers can accurately and efficiently
decode the signals transmtted at | ower power. 15

SUMVARY OF THE | NVENTI.ON
when the value of M is at a maximum and the current

communications system condition improves and now exceeds the
threshold, the value of M is "pruned” or reduced in each successive
stage of the trellis until it reaches the minimum value (assuming the

5 current communications system condition continues to exceed the
threshold).

One of the communications system conditions may be the
quality of the communications channel. A minimum value of M is
selected if the current quality of the channel is greater than the

10 threshold, otherwise, a manmum value of M is selected.
Alternatively, the communications system condition may relate to the
complexity of the encoding scheme used to encode the symbols to be
transmitted. For example, a more powerful coding scheme that has
more encoding memory can be used to generate a coded signal.

15 Although this typically involves decoding with a large value of M, such
decoding may be performed in accordance with the present invention
with a reduced number of states or paths, thereby minimizing
decoding complexity.

Sometimes the trellis decoding procedures are performed using

20 data processing circuitry and that data processing circuitry usually
must perform a number of other tasks in a time share relationship,
another communications system condition relates to the current data
processing tasks to be performed by the data processing circuitry. The
value of M is decreased if the current number of additional tasks to be

25 performed is relatively large. In this way, the data processing
circuitry is relieved of the burden of a complex decoding process so
that it may devote more processing resources to perform the other
pending tasks. On the other hand, the value of M can be inc;'eased,



It is an object of the present invention to provide a trellis decodi ng

nmet hod and apparatus with reduced coaneX|ty and hi gh performance. 20
It is an object of the present in/BHISBHEETHABBEENIe a trellis decodi ng
nmet hod. and apparatus with reduced co | ow bit error rate, and
reduced power YhaggTENtS. ther obj ect

reduced conpl evi,ﬁtgy trellis decclmnmm g procedure wh tpq{l@?] %&g’t S
to a current condition of 25 the communicatl ons system is yet
anot her object to inprove the efficiency and ef fectiveness of treII|s
decodi ng procedures using antenna divergity, frequency hoppi ng, and/or
synbol interleaving. 6

thereby improving the performance of the decoder, if the current
number of additional pending tasks is relatively small.
When decoder performance is of primary concern, the value of

M can be varied to maintain a predetermined level of decoder

5 performance in response to changes in the quality of the
communications channel. When M is relatively low, full data
processing capacity is not consumed by the operation of the trellis
decoder. As a result, the excess data processing capacity may be
devoted to other tasks having lower priority. In the context of

10 portable, battery-operated radios, the value of M may be decreased
whenever consistent with decoder performance objectives in order to
reduce the number of data processing tasks associated with the trellis
decoding operation, and thereby, reduce battery drain.

The present invention may also be applied to a spread spectrum

15 type receiver in which plural encoded sequences of symbols
transmitted by plural transmitters are received on a single
communications channel. The value of M may be changed in response
to changes in the number of interfering signals. When satisfactory
performance of the decoder is degraded because of additional

20 interfering signals, the value of M may be increased to maintain or
improve decoder performance. On the other hand, when the number
of interfering signals decreases, the value of M may be decreased to a
smaller value of M which is still consistent with satisfactory decoder
performance in arder to conserve processor or battery resources.

25 In one specific example embodiment, the present invention
adapts the trellis decoding complexity based on a current channel
condition in a communications system using a best received signal
from plural diversity antennas. Each of the receiver”s plural diversity
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The present invention provides |ow conplexity, high performance trellis
decodi ng that adapts trellis decoding conplexity based on a current
condition of the communications system A trellis structure of nodes and
branches is devel oped to decode the sequence of 5 synbols received over a
communi cat i ons woams4e Each set of nodes in the trellis repia9esveso0s] |
possi bl e values of a received synbol at one time instant. Each branch
defines a specific transition between nodes at different tinme instants,
and each branch has an associ ated branch wei ght. A |inkage of branches
bet ween the nodes and the trellis 10 defighes a path through the trellis
t-hat represents one possible synbol sequence, and an accunul at ed wei ght
is generated for each possible path through the trellis. A variable
nunber M of survivor paths (or states) through the trellis is

determ ned based on these respective, , accymul ated path weights. The

val ue of the var?%’lﬁné‘aﬂrﬁéﬁ’é'ﬁg§ ‘Eﬁni@ms@#%?g%ﬂﬁcﬂfﬁ saquence Hé“de%

communi cati ons sgahbéls, A gecdifed igndPfrom ofib oF'thé pheiai) la@detiRad Haviniyl tHaNt
condition, the sequence of _recegjved a nbQls iS trelljs-decoded_using
the M survivor %ﬁ%%.‘l"aﬁymsa‘*c‘ﬁ foy the xageiver gndihen degodeded | f
the current stat,gs:'zg trell$9 dBRGRIAR ProdEdut¥ Witich Gahflols Qv drsabl %ﬁ’ﬂﬁ‘n"\fr
equal to a threshol .a. 20 O herw sefp}a second value of Ml ess tehan the first

value of Mis5 of 1yqr patds o states, where M depends on the auelity ofis

system condi t i Orghe reckived Agh&I. BY3eleching!the a pddf vant, the
- first value of M, corresponds’ to a_maxi mum val u€, and The second val ue
corresponds to signal with est signal guality.sthiestariable mwmbemMiism val ue of

M the 25 currenfeduieBHYH o @tdaa et BIAK B GhlePhAe ol bEHS WRaReE NE
lower quality signal received by another of the antennas were used.

10 As an alternative to selecting the received signal from only one of the
plural diversity antennas, another embodiment of the present
invention selectively weights and then combines the weighted signals
from the plural antennas to generate a combined signal. The received
signal from one of the antennas having the highest signal quality is

15 most heavily weighted in the combined signal. '

In general, the variable number M is varied as a function of the
current quality of the communications channel. In a receiver using
diversity antennas, signals received from each of the plural diversity
antennas are detected and stored, and a channel quality indicator is

20 determined for each stored signal. The stored signal having the
highest channel quality indicator is selected, and the value of the
variable M is determined based on that highest channel quality
indicator. The stored, received signal is then decoded using that
recently determined number of trellis survivor paths or states. More

25 specifically, if the highest channel quality indicator is greater than a
threshold, the value of M is decreased. On the other hand, if the
highest channel quality indicator is less than that threshold, the value
of M is increased. Signal quality of each received signal is determined




threshold, the value of Mis increased toward the maxi numvalue in a

controlled fashion. In particular, the received signal
trellis-decoded using an increased value of M On the o
WD 97/ 24849

7 when WG owakse of Mis at a maximum and the c
communi cations systemcondition inproves and now exceed
the value of Mis "pruned" or reduced in each successiv
trellis until it reaches the m nimum val ue (assunmng th
comuni cati ons system condition continugg to.exceed the

once again is
t her hand,
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urrent
s the TCVPRIRINY) g,
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10

15

25

based on received signal strength, and in one example preferred
embodiment, is based on an average faded signal amplitude of the
received signal. _

In essence, the value of M is adapted with the channel condition
as reflected in the received channel quality indicator. The value of M
is increased when the channel condition is poor, and the value of M is
decreased when the channel condition is good. The complexity of the
variable-M decoding procedure is proportional to the ratio of time
during which the channel condition is good relative to when the
channel condition is poor. The present invention improves this ratio
using antenna diversity, and as a result, lowers the transmit power
required to achieve a give:l.z bit error rate by the receiver decoder
relative to use of the same variable M decoding procedure without
antenna diversity. Lowering transmit power reduces battery drain for
transmitting portable radio transceivers and reduces adjacent channel
interference caused by transmitters in fixed, base station type |
transceivers. For a given transmit power, the present invention
reduces decoding complexity, énd therefore reduces battery drain by
the receiver, or improves decoding performance in terms of reducing
the number of bit exrors without increasing battery drain by the
receiver.

Similar to the diversity antenna selection example described
above, the present invention may also be advantageously applied to a
symbol interleaving and/or frequency hopping communications
system. Both symbol interleaving and frequency hopping improve the
quality of received signals which permits the use of a smaller value of
M in accordance with the invention. These and other features and




ne of the comuni cations system conditions may be the quality of the
comuni cati ons channel. A mninmmvalue of Mis selected if the current
quality of the channel is greater than the 10 threshold, otherw se, a
maxi num val ue of Mis sel ected. Al ternatively, the conmunications
system condi ti oRyg#ressl ate to the conpl exity of the encodi per/asdsomd1
used to encode the synbols to be transmtted. For exanple, a nore

power ful coding schene that has nore encodi ng nmenory can be used to
generate a coded signal. 15 Although this typically involves decoding with
a large value of M such "~ decodi ng may1be performed in accordance with
the present invention with a reduced nunber of states or paths, thereby
m ni m zi ng decodi ng conpl exity. Sonetinmes the trellis
decodi ng procedures are performed using 20 data processing circuitry and

t hat data processing ci rcwt usual, I, . Tus. erforma nupher aof other
tasks in a tinme &A% g@ tﬁ%mism venty ﬁ%ﬁ@&%rﬁ%’%ﬂg g‘?

condi tion rel at efo]ldivih@ﬁié‘smbﬁbhdﬂhadrawmgs)ﬁﬁ&&diﬂ the eleiniso be perforned
by the data processing circuitry. The value of Mis decreased if the
current nunber of additional tasks to be 25 perforrred Is relatively |large.
In this way, the data procg § t he burden of

a conpl ex decodi ng process so "hat 1t may oevote mor e processi ng
resources.to gerformthe other pendi ng tasks. On the other hand, the

val ue of Mcan be i NCF¢GIRE 1 is a graphical illustration of a trellis;
| FIGURE 2 is a function block diagram of one example
communications system in which the present invention may be

) employed;

10 FIGURE 3 is a flowchart diagram outlining basic procedures for
implementing the variable stage trellis decoding algorithm in
accordance with the present invention;

FIGURE 4 is a flowchart diagram outlining specific procedures
for implementing a specific example embodiment of the variable stage

15 trellis decoding algorithm where the communications system
parameter is current communications channel quality; and

FIGURE 5 is a graph illustrating the performance of the
reduced complexity trellis decoding procedure in accordance with the
present invention as compared with the traditional, higher complexity

20 Viterbi trellis decoding procedure.

FIGURE 6 is a more detailed function block d1agram of the
receiver branch shown in FIGURE 2 in accordance with an example
embodiment of the invention;

FIGURE 7 is a flowchart diagram outlining the trellis decoding

25 procedure using a variable number of M trellis states and antenna
diversity in accordance with an example embodiment of the invention;
and



8 t hereby inproving the performance of the decoder, if the current
nunber of additional pending tasks is relatively small. When
decoder performance is of primary concern, the val ue of M can be varied
to maintain a predeterm ned | evel of decoder 5 performance in response to
changes in theygyabighy of the communi cati ons channel . V\heq,d\{l,&%mm 1
relatively low, full data processi ng capacity is not consuned by the
operation of the trellis decoder. As a result, the excess data
processi ng capacity nmay be devoted to ot her tasks having | ower
priority. In the context of |10 portabl &2 battery-operated radi os, the val ue
- of Mnmay be decreased whenever consistent with decoder perfornance
- objectives in order to reduce the nunber of data processi-ng tasks
- associated with the trellis decodi ng operation, and thereby, reduce
- battery drain. . present .hnvent. ma | so_be lied to a
spread spectrum 15 F}E@B@gﬁ%ﬁﬁ}‘%?ﬁaﬁ%&?f* ‘é“ﬁgm?e fices of

synbol s reduced complexity, variable-M trellis decoding procedure which

- incorporates antenna diversity in accordance with an example

embodiment of the invention as compared to the variable-M trellis

s decoding procedure without antenna diversity.

In the following description, for purposes of explanation and not
10 limitation, specific details are set forth, such as particular circuit
arrangements, techniques, etc. and in order to provide a thorough
understanding of the present invention. However, it will be apparent
to one skilled in the art that the present invention may be practiced in
other embodiments that depart from these specific details. In other
15 instances, detailed description of well-known methods, devices, and
circuits are omitted so as not to obscure the description of the present
invention with unnecessary detail.
Referring to Fig. 2, an overall function block diagram of an
example communiéations system 10 which may employ the present
20 invention is shown. While the present invention is particularly well
suited to radio communications including both fixed and portable
radios, it is applicable to other communications environments as well.
On the transmit side, the information signal to be transmitted,
i.e., a sequence of symbols, is encoded by a trellis code modulation
25 (TCM) and differential encoder 12. If the encoded symbols are being
transmitted on a slotted communications channel, for example, using
well-known time division multiplex (TDM) techniques, a symbol
interleaver 14 is desirable (although not necessary) to break up or




transmtted by plural transmtters are received on a single

comuni cati ons channel. The value of M may be changed in response to
changes in the nunber of interfering signals. Wen satisfactory
performance of the decoder is degraded because of additional 20 interfering

signal s, the valyynmrlissd! may be increased to maintain or | NP IADTAUSYGREIE I
performance. On the other hand, when the nunber of interfering signals
decreases, the value of M my be decreased to a. smal | er val ue of M
which is still consistent with satisfactory decoder performance in order
to conserve processor or battery resourggs. 25 In one specific
exanpl e enbodi nent, the present invention adapts the trellis decoding
conpl exity based on a current channel condition in a comruni cations
system usi ng a best received signal fromplural diversity antennas.
Each of the receiver's plural diversity WD 97124849

PCT/ US96/ 20091 “"shuffie” symbaol sequence segments into different time slots.
Interleaving is particularly effective in communication channels
subject to fading because symbol segments received under poor
channel conditions are interspersed with symbol segments received

5 under good channel conditions. The symbols may be complex and are
represented by two components, namely a real value I (in-phase) and
an imaginary value Q (quadrature). The in-phase and quadrature
components are passed through parallel processing branches. Each
component is passed through a transmit filter 18a, 18b, converted in

10 ' digital-to-analog (D/A) converters 20a, 20b, and frequency shifted by
quadrature modulators 222, 22b. The quadrature modulated signals
are then mixed in summer 24 and sent to an RF amplifier 26 which
increases the gain of the signal. The RF amplifier 26 passes the
amplified signal to one or more antennas 28a...28n for transmission.
15 Conventional frequency hopping techniques may be used to "hop"
between multiple carrier frequencies with each frequency carrying
only a portion of the symbols.
One or more antennas 30A...30N at the receiver side of the
communications system 10 receive the signal. In a receive antenna
20 diversity application, diversity antennas 30A...30N may be
incorporated in fixed radio transceivers such as base station
transceivers/repeaters and in portable/mobile radios. The received
signals from each of the plural diversity antennas 30A...30N are
processed using respective radio amplification and downconversion
25 paths. However, for simplicity, only a single downconversion path is
illustrated and described in Fig. 2.
One antenna signal (or a combination of signals from the
diversity antennas) passes through a filtering and RF preamplifier




9. antennas receives a transmtted signal made up of a sequence of
coded synbols. A received signal fromone of the plural antennas having
t he hi ghest signal quality is selected by the receiver and then decoded
using a trellis decoding procedure which enploys a variable nunber M 5 of

trellis survi Vf,bgqm or states, where Mdepends on the qual igotabenoes: t he
recei ved signha By sel ecting the antenna producing a received si gnal

wi th the highest signal quality, the variable nunber Mis reduced to a
greater extent than it otherw se would be if a weaker, | ower quality
signal received by another. of the antenngs were used. 10 As an alternative
to selecting the received signal fromo one of the plural diversity
ant ennas, anot her enbodi nent of the present i nvention selectively

wei ghts and then conbi nes the wei ghted signals fromthe plural antennas
to generate a conbi ned signal. The received signal fromone of the

ant ennas_havi ngs mwasirsska@wcomefwm&raﬁmmm@myqbred in

e oo 1e0 o G fencies ey e oo Sy ol B sl Sbtl ™ |
a receiver usingntermedixiy frbintemddi emwmtesmaﬁﬁ &W@Mﬁb@&gkb&)f t he
pIU{aI dlverS|t¥hr antennas %ﬁg tected and, stared ﬁkﬁﬁen$#5 qg
qual ity indi cat $hrough gauenGrecelye
si gnal havi ngs't Rgcond de@s&ew&aamed pfbﬂiideta/(lbﬂcbé:s%b filtered basebaindd, and
the value of t h§1gnal Although the IF downconversion is desirable, it is of course not
necessary to implement the present invention. The filtered baseband
signal is then converted into a complex signal having in-phase (I) and
quadrature (@) components by signal processor 39. The in-phase and
10 quadrature signals are digitized by analog-to-digital (A/D) converters
~ 40a, 40b and passed through complex signal generator 42 which
converts differential phase information into a sequence of symbols.
Deinterleaver 44 reconstitutes interleaved slots of information (i.e., it
performs the reverse shuffling operation to undo the shuffling
15 operation performed by interleaver 14). TCM decoder 46 processes
this symbol stream using a trellis decoding technique described in
further detail below to recover the transmitted signal information.
Signal tracker 48 estimates an average faded signal strength of an
analog signal output from the IF stage 38 or from samples of the
20 received signal from the deinterleaver 44. In a preferred embodiment,
deinterleaver 44, TCM decoder 46, and signal tracker 48 are
implemented using a suitably programmed microprocessor and/or
digital signal processing circuitry.
The TCM decoder 46 is a maximum likelihood sequence
25 estimation (MLSE) trellis decoder that develops a trellis of nodes and
branches (similar to that shown in Fig. 1 and described in the
background of the invention) for decoding sequences of symbols

received on the communications channel. Each set of nodes in the



variable Mis determ ned based on that highest channel quality

i'ndi cator. The stored, received signal is then decoded using that

recently determ ned nunber of trellis survivor paths or states. Mre 25
specifically, if the highest channel quality indicator is greater than a
threshol d, the wodem48f Mis decreased. On the other hand, if tReT/US96/20091
hi ghest channel quality indicator is less than that threshold, the val ue

of Mis increased. Signal quality of each received signal is determ ned

WD 97/ 24849 PCT/ US96/ 20091

10 based on received signal strenggh, and in one exanple preferred
enbodi nent, is based on an average faded signal anplitude of the

trellis represents all possible values of a received symbol at one time
instant. Transition between a node or state at one time instant to a
node or state at another time instant is referred to as one stage of the
trellis. Each stage typically includes branches with each branch
5 defining a specific transition between nodes at sequential time

instances, and each branch has an associated branch weight or metric.
Only the "survivor” branch into each node having the best (smallest)
metric is retained. A linkage of branches between nodes over multiple
stages in the trellis defines a path through the trellis that represents a

10 possible received symbol sequence. For each possible trellis path, the
branch metrics associated with that path are accumulated or summed
to provide a path metric. The path having the lowest accumulated
metric is selected as the best path.

The present invention determines which of the survivor paths

15 through the trellis will be maintained for purposes of decoding based
on a current condition of the communications system. The other
remaining survivor paths are discarded to simplify the decoding
operation. In other words, a variable number of M survivor paths
upon which trellis decoding of the received sequence of symbols is

20 based depends on a current condition of the communications system.

Fig. 3 outlines in flowchart form the general procedures for

varying the number of M survivor paths to be used in the trellis
decoding. The current communications system condition is
determined in step 50. Various examples of different communications

25 system conditions will be described in further detail below. In decision
block 52, a decision is made whether the current communications
system condition is greater than or equal to 2 predetermined
threshold. Ifit is, a lower or small value of M is selected, or



recei ved signal . In essence, the value of Mis adapted with the
channel condition 5 as reflected in the received channel quality

“indicator. The value of M i s increased when the channel condition is

: poor, and the value of Mis decreased when the channel condition is
good. The conmplgséissef the vari abl e- M decodi ng procedure
proportional to the ratio of tine during which the channel conc?s??ogﬁ S
good relative to when the 10 channel condition is poor. The present
i nvention inproves this ratio usi ng antenna diversity, and as a result,
| owers the transmt power required 1@ achieve a given bit error rate by
the recei ver decoder relative to use of the sane variable M decodi ng
procedure without antenna diversity. Lowering transmt power reduces

battery drain for 15 transmtting portable radi o transcei vers and reduces
adj acent channel .nterf rence sed by transgitte n xed, base
station type alternatively, Pg‘b"ni/st ﬁ?@ﬂﬁ‘&(ﬁéﬁ gﬁte’iﬂ”égeﬁt

i nvention iozdmgd) wmmuex sklected) dr aMRRAEVELY, Bhdie@Sehdt tery
drain by the @¢ . 6&9&%&%3 d|n erforrra e in_terns of
reduci ng 20 theV ﬂi}?ﬁ) IHFfeaéF e%‘é'?ﬂgt vedf Mg ai n by
the | (rjecel Vgﬂetermmed,uﬁ&hé&é&dﬂ?ﬂt!ﬁﬁﬂé’tﬁ@%ﬂh&ﬁhﬂt'0”
exanpl e descri

boy  esent nvent.i on rray al so
advant ageous|§ Xatarb: bﬂfﬁ%‘ti’m S‘%HBEP to deteraine e hegt MQ@%
hoppi ng comuni gadeiwdiP syambol SéfiiBncBOTH e3¥e), if the ﬁﬂnﬁ - ncy
i ch permts

hoppi ng i nprove the qual ity of received signals e use
of a snaller vaf¥etegscond: tmm%mﬁéehﬂ%&mﬂ e and

other features gBgbrmined in this example by comparison with a threshold, the

number of states or paths needed to satisfactorily (in terms of low bit

10 error rates) decode the received symbol sequence is relatively small.
On the other hand, if the current communications system condition is
less than the threshold, a larger number of M is used to ensure
satisfactory decoding performance.

One example of a useful communications system parameter is

15 the quality of the communications channel. As already described
above, the quality of any eommunicaﬁons channel varies over time to
some degree. In radio communications in particular, the quality of the
communications channel changes rapidly (especially when the radio

. user is moving in a car) with the communications channel being

20 subjected to fading, multipath dispersion, adjacent channel
interference and co-channel interference from other users, noise, and
other channel impairments. In this situation, the current quality of
the communications channel is detected or determined signal tracker
48. If the current quality of the channel is greater than the threshold,

25 meaning that the channel quality is good, a first relatively small value
of M is selected. Alternatively, if the current quality of the channel is
less than a threshold value, indicating poor channel quality, another
relatively large value of M is selected greater than the value of M
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11 advant ages of the present invention will becone apparent fromthe
foll owi ng description of the drawings and fromthe cl ai ns.

BRI EF DESCRI PTION OF THE  DRAW NGS FIGURE 1 is a graphi cal

illustration of wobnmkde s; FIGURE 2 is a function bl ogdrrdsssgomm

of one exanpl e communi cations systemin which the present invention may
be

17

selected if the channel quality is good. In practice, there are minimum
(M_ ;) and maximum (M_ ) limits on the value of M selected
depending upon the particular application.
Channel quality can be measured using a number of
5 conventional channel quality indicators such as received signal
strength, signal-to-noise ratio (SNR), signal to interference ratio (SIR),
bit error rate (BER), etc. One preferred example indicator is averaged
faded signal strength (AFSS) which is 2 smoothed estimate of the
channel amplitude of the received signal which may be obtained using
10 a channel tracking algorithm. Preferably, the channel tracking
algorithm low-pass filters received signal samples to provide an
estimate of the envelope of the amplitude of the received signal. More
specifically, in a differentially encoded Phase Shift Keying (PSK)
'system, s(n), c_, ahd n(n) represent a (complex baseband) transmitted
15 symbol, a complex channel gain, and additive Gaussian noise,
respectively, at time n. If y(n) is the received signal, and r(n) is the
signal at the output of the complex symbol generator 42, then y(n) and
r{n) may be expressed as follows:

yin) = cas(n)+7n . g;
rn) = yn)y (n—1) =[cas(n) + 7] [n-15(n -1+ Tin-1]" .
= enCh_y 8(n) s°(n~1)+chs” (n = )n(n) + cas(n)n"(n — 1} + Mnfin—1.
P h - ,
rn) = ane?t% 4+, (3)
25

where Axl>!'1 is the differential phase angle at time n (satisfying the

relation s(n) = s(n - 1) &%), and a =c c* .

the energy of the faded signal. In a fading channel, the channel gain

~fe, l2 is a measure of




enpl oyed; 10 FIGURE 3 is a flowhart diagram outlining basic
procedures for I npl ementing the variable stage trellis decoding
algorithmin accordance with the present invention; FI GURE 4
is a flowhart diagramoutlining specific procedures for inplenenting a
speci fic exanplg, I ment of the variable stage 15 trellis d Sdefhooot

al gorithm where t'he communi cati ons system paraneter is curren
comuni cati ons channel quality; and FIGURE 5 is a graph
illustrating the performance of the reduced conplexity trellis decoding
procedure in accordance with the p}ésent I nvention as conpared with the
traditional, higher conplexity 20 Viterbi trellis decodi ng procedure. '
FIGURE 6 is a nore detailed function block diagram of the receiver
branch shown in FIGURE 2 in accordance with an exanple enbodi nent of the

ijnvegt i 0n25 c vgneslihwlﬁnz fl‘hea&FbﬂliS\ﬂé&ﬁMIo?ﬁ]i\lﬂﬁmtBﬂa%me t (r]I ellis
ecodi ng proBedyre us vari abl e er .0 tre sstates an
ant enna di vét gﬁg ééﬂ(?geﬁfg#‘é ug,of 2o m&#ﬂé
i nventi on; %Gértlmeby executing the following equations:
Ad, = min lr(n) = Gy e?o® Iz , k=0,1,-- (all possible transmitted phase angles) (4)

o, = Real [r(n)e-fés-] - (3)
G = Y81 +(1-7)ea, ' | (6)

where y is a real number in the range (0,1). The value of y controls
the extent of smoothing (to minimize the effect of noise). A typical

10 valueisy =0.8.

Fig. 4 illustrates in flowchart diagram format one preferred
example embodiment for implementing the present invention where
the communications system parameter is channel quality.
Initialization procedures are performed in block 100 to select M_, ,

15 M_ ., the channel quality threshold value T, a poor channel holding
window A, and a retrace stage depth §_ . The initialization parameters
Mo Moo T 4, and §_are chosen depending upon the particular
communications application and can often be effectively determined
using simulation tests. The current channel quality is determined in

20 block 102 using for example an AFSS procedure as described above.
One stage of the M state trellis decoding procedure is performed
following the well-known Viterbi decoding procedures with M set
equal to M_, (block 104). A decision is made in block 106 whether
the current channel quality is greater than or equal to the channel

25 quality threshold T. Ifitis, the decoding procedure is continued with
M set to its minimum value M_, thereby reducing the complexity of
the trellis decoding operation. However, if the current channel quality
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12 FIGURE 8 is a graph illustrating the performance of the
reduced conplexity, variable-Mtrellis decodi ng procedure which
~incorporates antenna diversity in accordance with an exanple enbodi nent
of the inventiowoaangswpared to the variable-Mtrellis 5 decodrauguseé20091
procedure w thout antenna diversity. DETATI LED DESCRI PTI ON
OF THE DRAW NGS In the foll owi ng description, for purposes of
expl anation and not 10 limtation, specific details are set forth, such as
- particular circuit arrangenents, tedBniques, etc. and in order to
- provide a thorough under st andi ng of the present invention. However, it
wi |l be apparent to one skilled in the art that the present invention
may be practiced in ot her enbodi nents that depart fromthese specific

details. In ot h?gless than the channel quality threshold T, the value of M is set to its
maximum value M, _(block 108).
Rather than continuing on in the trellis decoding operation
assuming that the just recently decoded stages of the trellis were
5 accurately decoded, the present invention takes into account the fact

that these just recently decoded stages of the trellis were likely to have
been adversely impacted by the newly detected poor channel quality.
Therefore, the decoding operation is repeated for a number §_of last
stages by retracing that number 3_ of stages in the trellis and

10 restarting the trellis decoding algorithm (block 110). lThis retrace
procedure ensures a high degree of reliability in decoding accuracy.

- Control proceeds to block 112, where A stages of the M-gtage™

trellis decoding algorithm are performed with M set equal to M__ .
Another decision is made at block 114 to determine whether the

15 current channel quality is less than the threshold T within the A
stages. If it is, the M state decoding procedure is continued at block
112 with M sét at me. However, if the current channel quality is
greater than or equal to the threshold T, a new, smaller value of M is -
generated in block 116 reflecting the current trend that reduced

20 decoding complezitjv may be appropriate in view of the recently

improved channel quality. But rather than immediately setting the
new value of M to M_, , the present invention employs a more
conservative "pruning” procedure. Namely, the value of M is halved in
each successive stage of the trellis until it reaches M_, . Thus, when

25 the channel improves, the present invention employs the poor channel
holding window A and the controlled M-reduction or pruning
procedure to ensure that the channel condition remains at the
improved level before M is set to Mmin' The M state decoding

sl‘ac—J



15 instances, detailed description of well-known nethods, devices, and
circuits are omtted so as not to obscure the description of the present

i nvention with unnecessary detail Referring to Fig. 2, an overal
function bl ock di agram of an exanpl e comuni cations system 10 whi ch may

enpl oy the pr&gﬁn&ng&’i nvention is shown. Wiile the present i ?/%gmgd

particul arly suited to radi o comruni cations includin

and portable -~ radios, it is applicable to other communications
environments as wel . On the transmt side, the information .
signal to be transmitted,  i.e., a 88quence of synbols, is encoded by a
trellis code nodul ation 26 (TCM and differential encoder 12. If the
encoded synbol s are being transmtted on a slotted comuni cati ons
channel , for exanple, using wel | -known tine division multiplex (TDV

oo qUce. 2 Ui i pAOAERAE ol oy 58P VAR 18R 210
PCT/ US96/ 20091 being reduced again, if possible, in block 116 until it reaches M_ .

| (block 120). Control returns to block 102 to repeat the above-described

operation recursively decoding received symbals at the lowest, optimal
5 level of decoding complexity to ensure satisfactory decoding
performance.

Fig. 5 illustrates the performance of the present invention with
reduced complexity as compared to the traditional full complexity
Viterbi algorithm. Bit error rate (BER) is applied on the vertical axis

10 with the signal-to-noise ratio {Eb /No [energy per bit to noise power
spectral density]) plotted in dB on the horizontal axis. In this
practical illustration, the radio receiver is moving in a vehicle at a
speed of 150 KMPH. The full Viterbi search corresponds to a 64-state
(M=64) demodulation scheme (indicated by asterisks), while the graph

15 of the decoding scheme in accordance with the present inventicn uses
a variable M (indicated by plus signs). Virtually the same decoding
performance was achieved by both procedures. However, the present
invention accomplished this decoding using an average of 10 and 11

. states (M=10-11) as compared to the full 64-state Viterbi algorithm.

20 Thus, the complexity of the variable M algorithm employed by the
present invention was six times less complex when measured in terms
of number of operations executed to decode the data.

Other example embodiments using different communications
system conditions are now described. For example, the _

25 communications system condition may relate to the complexity of the
encoding scheme used by the transmitter TCM encoder 12. Codes with
more memory potential (sometimes referred to as "constraint length”
in the literature) exhibit better performance. However, since decoding




13 "shuffle" synbol sequence segnments into different tine slots.
Interleaving is particularly effective in conmmunicati on channel s

- subject to fading because synbol segnments received under poor channel
conditions are interspersed with synbol segnents received 5 under good
channel conditi gRyesnigye Synmbols nmay be conplex and are repr

. two conponents, nam’ezl y a real value | (in-phase) and an i magl nary val ue
- Q (duadrature). The in-phase and quadrature conponents are passed

. through parallel processing branches. Each conponent is passed through
- a transmt filter 18a, 18b, converted i 10 digital-to-analog (D A)

. converters 20a, 20b, and frequency shifted by quadr ature nodul ators

. 22a, 22b. The quadrature nodul ated signals are then mxed in sumer 24
‘and sent to an RF anplifier 26 which increases the gain of the signal.

250, o6n Tor i raReAaLy sheeper srp@RRabr vl SdRory Y3 cBle ke 3325”223
be used to "hop"codes chenotbe easzily ngédduarto data pramssing cnstrdihts ol
antennas’ 30a | JReler PRI o RGEY b8 Vaieg iy Eladice 1o adems %%?‘Eyii em 10
recei ve the si gndécoding procedars to awlbesﬂﬁnded(gtmapaﬁﬁhﬂ@a@ﬁaf
di versity ant %nn&%e:;).oA. .. 30N nmay be

Decoding procedures are performed using data processing
circuitry, and oftentimes the data processing circuitry must perform a
. pumber of other tasks in a time share relationship. Another |

communications system condition relates therefore to the current data

10 processing tasks to be performed by the data processing circuitry. The
value of M is decreased if the current number of additional tasks to be
performed is relatively large. In this way, the data processing
circuitry is relieved of the burden of a complex decoding process so
that it may devote more processing resources to perform the other

15 large number of pending tasks. On the other hand, the value of M can
be increased, thereby improving the performance of the decoder, if the
current number of additional pending tasks is relatively small.

When decoder performance is of primary concern, the value of

M can be varied to maintain a predetermined level of decoder

20 performance in response to changes in the quality of the
communications channel. When M is relatively low, the full capacity
of the data processing circuitry is not consumed by the operation of the
trellis decoder. As a result, the excess capacity of the data processing
circuitry can be devoted to other tasks having lower priority. In the

25 context of portable, Battery-operated receivers, the value of M may be
decreased whenever consistent with decoder performance objectives in
order to reduce the number of data processing tasks associated with
the trellis decoding operation, and thereby, reduce battery drain.



I ncorporated in fixed radio-transceivers such as base station

transcei vers/repeaters and in portabl e/ nobile radi os. The received

signals fromeach of the plural diversity antennas 30A...30N are

processed using respective radio anplification and downconversi on 25 paths.

- However, for ﬁg%}ﬂéy, only a single downconversion path is PCT'Ufggl"m?l

~illustrated a scribed in Fig. 2. One antenna sigha

- combi nation of signals fromthe di versity antennas) passes through a
~filtering and RF preanplifier WO 97/ 24849

- PCT/ US96/ 20091 22 14 stage 32 to

; a first downconverter 34 which reduces the frequency (or

The present invention may also be applied to a spread spectrum
type receiver in which plural encoded sequences of symbols
transmitted by plural transmitters are received on a single
communications channel. The value of M may be changed in response

5 to changes in the number of interfering signals. When satisfactory
performance of the decoder is degraded because of additional
interfering signal, the value of M can be increased to maintain or
improve decoder performénce. On the other hand, when the number
of interfering signals decreases, the value of M can be decreased to the

10 smallest value of M consistent with satisfactory decoder performance
in order to conserve processor or battery resources.

Another example embodiment of the present invention using
diversity reception is now described in detail. As shown in Fig. 2, the
receiver may have muitiple antennas and obtain relatively

15 uncorrelated copies of the received signal from each antenna. The
antennas are rendered uncorrelated by separating them spatially or
using orthogonal polarizations. The receiver combines these
uncorrelated copies of the received signal in a manner to improve
signal quality, i.e., Selecting the strongest signal based on average

20 faded signal strength, co-phasing the signals to perform maximal-
ratio-combining or equal gain combining, adding the branch metrics
calculated for each of the multiple antennas, and adding the received
signals to suppress interference, etc. If there are N antennas and K
intexrferers and X < N, then interference can be reduced. All these

25 methods improve signal quality, allow the use of a small value of M,
and reduce the variance of signal quality allowing using a smaller
range of M max M

Sn®



frequencies in a frequency hopping system of the received signal to an
. internediate frequency. The internediate frequency signal is passed

t hrough an internedi ate frequency receive filter 36, then through a 5
second downconverter 38 to produce a (low pass) filtered baseband

~signal. Althoug flo downconversion is desirable, it is of c Jhbo
necessary to i r\"e%en‘;ta the present invention. The filtered base%an’c?ifgg !

- signal is then converted into a conplex signal having in-phase (1) and
guadrature (Q conponents by signal processor 39. The in-phase and |o
gquadrature signals are digitized by anal @-to-digital (A/D converters
40a, 40b and passed through conpl ex signal generator 42 which converts
~differential phase information into a sequence of synbols.

Dei nterl eaver 44 reconstitutes interleaved slots of information (i.e.,

et formed by | nt or | ot 439 AHEREGEbAR St SeE BBWs'm, ”?gelivﬁ@er i on
stream using a tthe Hn&rdﬂgcahtagnamucbnpean&me wtagdoﬁprocesszﬁgth@exgnm ai l
Delou 0. SCOYe bedd BV el R e i B
fromthe | F st agenﬂﬂ)&uneﬁtmprémtﬁvéﬂiﬁn’zosim mﬂmbaﬁi omthe
decoder 46, arft SivgafyiaReRhe PSRN 41 trised pe n sepesers harsl ey
programed m CrOléhﬁﬁﬂéBD.r chafhel N. Eadli dHadrtiel 3 grovessidasing |1fsgoﬁnrcwtry
e O Socoter 3 o TR Al LA 4ok S e
to that shown inshich codvéertoniltacksas R pidinplification and frequency
downconversion. Once the signals are converted to baseband, they are
10 stored in a memory 50 which individually stores each baseband signal
in a respective buffer 50A...50N. Signal processor 39 in Fig. 2 includes
selection logic 52 which determines a signal quality indicator for each
buffered signal. The selection logic 52 then selects the buffered
received signal having the highest signal quality indicator for further
16 processing and decoding in the TCM decoder 46. Alternatively,
selection logic 52 may selectively weight the buffered signals based on
their signal quality indicator and then combine the weighted signals
into a combined signal. The buffered signal corresponding to the
diversity antenna having the highest signal quality is most heavily
20 weighted which ensures that the combined signal substantially
reflects the best signal quality for that particular time instant.
Fig. 7 outlines in flowchart form the general procedures for
varying the number of M survivor paths to be used in the trellis
decoding based on plural received signals by plural diversity
25 antennas. The baseband signals from each diversity antenna are
sampled and then buffered in step 60. The channel qualities for each
demodulated sample corresponding to each of the plurality of diversity
~ antennas are then determined in step 62. As described above, the

¢ e A ————— s



background of the invention) for decodi ng sequences of synbols recei ved
. on the comuni cations channel. Each set of nodes in the WO

97/ 24849 PCT/ US96/ 20091
15 trellis represents all possible values of a received synbol at
one tine igﬁ}ag%%wTransition between a node or state at one tine
instant to a H or state at another time instant is ref &GTAI6/20008
one stage of the trellis. Each stage typically includes branches with
each branch 5 defining a specific transition between nodes at sequenti al
tinme I nst ances, and each branch ha®f4an associ ated branch wei ght or
nmetric. Only the "survivor"™ branch into each node having the best
(smal | est)

buffered sample with the best channel quality measure is selected, or

alternatively, more heavily weighted in step 64. A variable-M trellis

decoding procedure is then performed in step 66 in accordance with

the procedures outlined in the flowcharts illustrated in Figs. 3 and 4
5 and described above.

Accordingly, even further reductions in complexity
corresponding to an even further reduced value of M are achieved
using diversity antenna reception in accordance with the present
invention as described above. Again, bit error rate is plotted on the

10 vertical axis of the graph with signal-to-noise ratio (Eb/No) plotted in
dB on the horizontal axis. And again, the radio receiver is moving in a
vehicle at a speed of 150 KMPH. The variable-M decoding scheme
without diversity reception is plotted using plus signs. The plot of the
variable-M decoding procedure using diversity reception (indicated by

15 asterisks) reveals that using an average of 5 to 7 states (M=5-7),
approximately an additional 50% reduction in decoding complexity is
achieved. Moreover, relative to the full 64-state Viterbi algorithm, the
variable-M -decoding procedure with diversity reduces the decoding
complexity by a factor of 11.

20 Thus, using diversity reception in conjunction with a variable-M
decoding procedure, the present invention adapts the complexity of the
trellis decoding procedure in accordance with the current channel
conditions. This approach is not only more efficient in the sense of
reduced decoding complexity, it also lowers the required transmitted

25 power to achieve a fixed bit error rate performance. In essence, the
value of M is adapted with the channel condition as reflected in the
received channel quality indicator. The value of M is increased when
the channel condition is poor, and the value of M is decreased when



metric is retained. A linkage of branches between nodes over nultiple
~stages in the trellis defines a path through the trellis that represents a
- 10 possible received synbol sequence. For each possible trellis path, the
branch netrics associated with that path are accunul ated or sunmed to

provi de a path ' The path having the | owest accunul at ed ric is
. selected as the%yfﬁfﬁth. The present invention detefﬁ?&g Ieh

. of the survivor paths 15 through the trellis will be maintained for

. purposes of decoding based on a current condition of the comrunications
. system The ot her remai ni ng survivor2gaths are discarded to sinplify

- the decoding. -operation. In other words, a variable nunber of M survivor
| pat hs upon which trellis decoding of the received sequence of synbols

i is 20 based depends on a current condition of the conmuncations system

Fig. 3 outlines in flo art.formthe,geperal procedyres for varying
' the nunber of Mtéﬁf‘{?m? ?Pﬁq’t?"{‘dslg@ﬂ'si‘g‘eﬁ?q x’c“b’é#ltﬁg"anaba%'%di ng. The

- current comuni Gatedifg prveédieetis Ptobbrtiond to the FAtRI T tiAd duiss Mhil -

 Various exanpl es, of differen, communicatjons 25 system condijions wll be
described in futhfghagaeleondiions g H@Ié“ﬁ when the ghapnelconditionds, | s

made whet her t hgog#lr matpreséﬁamveﬁhﬂ'oaﬁﬁ(frovéy SRR Patfy Wdihp GhtbAnd" €at er than
or equal to a predetgrm ned threghold. If it is, a lower or _small val ue
of Mis sel ect edivegsity, and as a remflt, wers the transmit power required to

achieve a given bit exror rate by the receiver decoder relative to use of

the same variable M decoding procedure without antenna diversity.

Lowering transmit power reduces batterj drain for transmitting

portable radio transceivers and reduces adjacent channel interference

10 caused by transmitters in fixed, base station type transceivers. For a
given transmit power, the present invention reduces decoding
complexity and therefore reduces battery drain by the receiver or
improves decoding performance in terms of reducing the number of bit
errors without increasing battery drain by the receiver.

15 Two further example applications of the present invention are
briefly described. First, multiple diversity transmitting antennas (see
antennas 28a...28n) may be used to transmit the same information to
the receiver to improve signal quality. For example, the antenna
having the better path to the receiver can be selected by the receiver

20 based on the received signal on each antenna. Transmission along a
better path offers better signal quality, and hence, a lower value of M
can be employed.

A second further example application of the present invention
relates to symbol interleaving and/or frequency hopping. Interleaving

25 is used to "break-up” channel memory. Ifa séquence of symbols is
sent and the symbols are highly correlated in time due to channel
memory, decoding performance will be poor whenever the channel
condition is poor because all symbols are affected. However, if the
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16 alternatively, the current Mvalue is reduced (bl ock 54).
i O herw se, a | arger (or large) value of Mis selected, or
~alternatively, the current value of Mis increased (block 56). Once the
. current val ue | determned, trellis decoding using, | e,
. the well -knom‘ga\?%g’? I algorithmis perforned to determ ne tﬁ?@ggm
. estimate of the recei ved synbol sequence. In essence, if the current
. conmmuni cati ons systemcondition is determned to be sufficiently
- optimal, whichis determ ned in thisgxanple by conmparison with a
. threshol d, the nunber of states or paths needed to satisfactorily (in
~terns of low bit 10 error rates) decode the received synbol sequence is
relatively small . On the other hand, if the current comunications
~systemcondition is | ess than the threshold, a |l arger nunber of Mis

used to ensure symhbols pré sshuffledsuchithet theyfareseparated by other ungelated anpl e

- of a useful comupieal RS HYILEHERATATYe¥qually affected by channel memory.
Symbol interleaving when used with frequency hopping is particularly
effective in improving signal quality because, in addition to separating

5 symbols in time, those symbols are also separated in frequency.
Groups of time-separated symbols are transmitted at different carrier
frequencies. At the receiver, the symbols are suitably deinterleaved
and sent to the variable M-algorithm for decoding. The improved
signal quality due to interleaving (in both time and frequency) allows
10 the use of a low value of M.

While the invention has been described in connection with what
is presently considered to be the most practical and preferred
embodiment, it is to be understood that the invention is not to be
Hmited to the disclosed embodiment, but on the contrary, is intended

16 to cover various modifications and equivalent arrangements included
within the spirit and scope of the appended dlaims. For example,
although the present invention is described in terms of post-detection
diversity where the buffered samples were selected after the signals
from the diversity antennas were demodulated to baseband, the signal
selection could be performed using predetection/demodulation
diversity, i.e., at RF or IF frequencies. Although the invention is
described for trellis coded modulation, it can be used in demodulating
block coded modulation, convolutional codes, block codes, partial
response modulation such as continuous phase modulation and any
set of signals that can be represented by a trellis.




15 the quality of

t he communi cati ons channel. As already descri bed

above, the quality of any conmuni cats'_h%rr:ss cha'_r'melP varies over tine to

sonme degree. In radio comunication
comuni cati ons channel changes rapidly F Iy when the radio user

is nmoving in a Gagdiawedoh t he commmunj ' | being 20 suBrHU$S20050
di spersion, adj acuml":I'Mrl Iﬂm i nterference and

fading, nultipath

BEN the quality of the

co-channel interference fromother users, noise, and ot her channel
i mpairments. In this situation, the current quality of t he
comuni cations channel is detected or det&@ni ned sigmal tracker

48.
the current quality of the channel is greater than t l“ ﬁ
meani ng that the channel quality is good, a first relhg“‘“ m “ﬂm‘ \ue

of Mis selected. Alternatively, if the current quali

| ess than a thres{gm%i ng poor channel quality, another
relatively |arge ted greater than the value of M

WD 97/ 24849

10

15

20

PCT/ US96/ 20091

1. In a communications system, a method for decoding encoded
symbaols transmitted over a communications channel, comprising the
steps of:

(a) developing a trellis structure of nodes and branches for
decoding a sequence of symbols received on the communications
channel, each set of nodes in the trellis representing possible values of
a received symbol at one time instant, each branch defining a specific
transition between nodes at different time instants and having an
associated branch weight, wherein a linkage of branches between
nodes in the trellis defines a path through the trellis that represents a
possible symbol sequence;

(b) accumulating for each trellis path an accamulated weight;

(c) determining a current condition of the communications
system; '

(d) determining M survivor paths through the trellis based on
respective accumulated path weights for each trellis path, the value of
M depending on the condition of the communications system
determined in step (c); and

(e) decoding the sequence of received symbols using the M
survivor paths.

2. The method in claim 1, step (d) including:
selecting a first value of M if the current communications
system condition is greater than or equal to a threshold, and

y of tthe "chdnnel is

- This Sheet Has Been Replaced




signal at the otR®

selected if the channel quality is good. In practice, there are

17
m ni mum (Merr]) and maxi nunrHi$lsREET HakigEehS On the value of M
sel ected dependi ng upon t-he partg @Epappl i cation.
Channel quality can be neasured using a nunber of 5 conventional channel
qual i ty indicagar h as recei V;ﬂlﬁumumuul, strength, si -t 0-noj se
~ratio (SNR), 2\3’8’%’?‘?’3% i nterferen bi t er?ic}fa}@%?@&%
- (BER), etc. One preferred exanple indicator is averaged f aded si gnal
strength (AFSS) which is a snoothed estimate of the channel anplitude
. of the received signal which may be obt @gied using 1ﬂ Frm U f I ng
~algorithm Preferably, the channel tracking al go m“ m MMH!“
filters received signal sanples to provide an est Fmat e 'of "t hé
envel ope of the anplitude of the received signal. Mre specifically,
in a differentially encoded Phase Shift Keyi ng (PSK) system _s(nh),
c[err] and [err](n) @ FBE‘Sr?c?Qf“Péd‘f?BPé)?f .majﬁhﬁéhgﬁxﬁwalueq@ff(ﬁ)
sy|orrbolt , 8 SONPERY chiranf@tatiidi JF theténdfthidatnsy8tdra koRRitiéh is less than
respecti

vely, at time pn._|f y(n) is the received signal, and r(n) is the
W%P“’*‘%e conpl ex synbol generator 42, then y(n) and

r(n) may be expressed as foll ows:

3. The method in claim 1, step (d) including:
increasing the value of M if the current condition is less than a
threshold, and o
decreasing the value of M if the current condition is greater
5  than or equal to the threshold.

4. The method in claim 1, wherein the condition is a qu.ality of
the communications channel, said determining step (c) including:
detecting the current quality of the communications channel,
selecting a first value of M if the current quality of the
5 communications channel is greater than or equal to a threshold, and
selecting a second value of M greater than the first value of M if
the current quality of the communications channel is less than the
threshold.

5. The method in claim 4, wherein the current quality of the
communications channel is determined based on a signal strength of
the received signal.

6. The method in claim §, wherein the communications channel
is a fading channel and the signal strength corresponds to an average
faded signal amplitude of the received signal.

This Sheet Has Been RTlaced
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[err] 25 where [err] is the differential phase angle at tine n

(satisfying the rel ation s(n) ETHISSHEET HASBEEN] and [er] = [err] is a
- measure of. the energy of the fadeREALHREP. I n a fadi ng channel, the
| channel gain WO 97/ 24
~ PCT/US96/ 20091 o grauses NN - peTuSSA09

29 A

7. The method in claim 4, wherein the first value of M
corresponds to a minimum value of M and the second value of M
corresponds to a maximum value of M, and wherein after selecting the
minimum value of M and the current quality of the channel drops to

5 less than the threshold, increasing the value of M in a controlled
fashion.

8. The n;ethod in claim 3, wherein after decreasing the value of
M and the current quality of the channel drops to less than the
threshold, repeating steps (d) and (e) for the received sequence of
symbols using an increased value of M.

9. The method in claim 7, wherein after increasing the value of
M and the current quality of the channel improves to gieater than the
threshold, maintaining the value of M for one or more symbol periods
before determining whether to decrease the value of M.

10. The method in claim 9, wherein after the one or more
symbol periods, the value of M is halved in successive stages of the
trellis to a minimum value while the current condition of the
communications channel continues to equal or exceed the threshold.

11. The method in claim 1, wherein the condition is a size of a
coding memory of an encoding scheme used to encode symbols to be
transmitted, step (d) including adjusting the value of M to decode
symbols encoded using an encoding scheme based on the size of the

5 coding memory.

This Sheet Has Been Re; ﬂ ced

N A

SRR iy D e Iy ny e i ssims st



[err] varies with tinme. The AFSS al gorithmobtain the average faded

signal strength [err] (an averaged value of [err] and tracks its variation
over time by executing the foll owiThf HAS\BEEN [err] (al |

possi ble transm tted phase angles) (4 where y is a real

PR

- nunber in the {W@R4dsd. 1). The va I's the g el ol

- smoothing (to mnimze the effect ﬂmm '“HW@H"'WD' cal 10 value 1s’y =
owchar

. 0. 8. Fig. 4 illustrates In di agram f or mat one

preferred exanpl e enbodi nent for inplenenting the pr
. where t he communi catirons systemp et er I's channel qualit

-on
- Initialization procedures are perforned 1nh block 100 memﬁml U“\ 15
~Merr] the channel quality threshold value T, a poor \ S0
" window [err], and a retrace stage depth [err]. The initiafization

par anet ers Merr][Merr] T, [err], and [err] are chosen dependi ng
upon the particul ar 12. The omethnddntclainsl,awhereintstems @)derar périferinbe

effectively det g ' Si:aul atien tests. .The, current channel
quality is determ n%ggf;aﬁpm%%%g CL ’ﬁiﬁ gﬁtﬁwcﬁmf”é"’mFSS pr ocedur e
as descri bed ab@ezforming additionshethep i) d fashiond86Q WHisrein
procedure is perd.qr bee o fOll ow the well-knowy Viterbi codi ng
procedures with g@?&lﬁonmgm@ TOFFSSInE, %P °‘H%€‘f§? ei s made
in block 108 whelabeprocessing tiecuitry, atép (@) dndadingial ity is greater than or
equal to the channel . . ..
_ decreasing the value of M if a current number of the additional

other tasks to be performed is relatively large, and

increasing the value of M if the current number of additional
other tasks to be performed is relatively small.

13. The methed in claim 1, wherein the communications system
includes a portable, battery-operated receiver and steps (a)-(e) are
performed using data processing circuitry, and wherein the condition
is a quality of the communications channel, step (d) including:

5 decreasing the value of M if the quality of the communications
channel equals or exceeds a threshold to reduce battery drain, and
increasing the value of M if the qué]ity of the communications channel
is less than said threshold to improve decoding performance.

14. The method in claim 1, further comprising:

receiviﬁg a number of signals including encoded sequences of
symbols transmitted from plural users on the communications channel
at a single receiver, wherein the condition is the number of signals;

5 increasing the value of M for a relatively large number of

received signals; and

decreasing the value of M for a relatively small number of
received signals.
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25 quality threshold T. If it is, the decoding procedure is continued with
. Mset toits mninmmvalue Merr] thereby reducing the conplexity of
the trellis decoding operation. HoweveHiS SHEETIHASBEBN=Nt channel quality

WD 97/ 24849 REPLACED

PCT/ US96/ 20091 [ Sovr2 n
t he channel qual |?97%H eshold T, the M““HI““M‘”MM to its F&’G Bm

maxi nrum val ue l\/[err] (bl ock 108). than continuing on in

the trellis decoding operation assumi ng that the just—recently de decoded
. stages of the trellis were 5 accurately 3fecoded, the present invention —

: ﬁgetsr Ieln][ ;)Sa\(/:\g(r)gn]t i LQF fact that these just recently Hﬂﬂlﬂﬂﬁmuﬂ
: y to have been adversely i npact I
" detected poor channel quality.

| ' 15. A communications system, comprising:

a transmitter having an encoder for trellis encoding a sequence
of symbols and transmitting the trellis encoded symbols over a
communications channel;

5 a receiver for receiving the trellis encoded symbols transmitted
over the communications channel and having a trellis decoder
including electronic circuitry for performing the steps of:

(a) developing a trellis structure of nodes and branches
for decoding a sequence of symbols received on the communications

10 channel, each set of nodes in the trellis representing possible values of
a received symbol at one time instant, each branch defining a specific
transition between nodes at different time instants and having an
assoc_iated branch weight, wherein a linkage of branches between
nodes in the trellis defines a path through the trellis that represents a

15 possible symbol sequence;

(b) accumulating for each trellis path an accumulated
weight;

(c) determining a current condition of the
communications system;

20 (d) determining M survivor paths through the trellis
based on respective accamulated path weights for each trellis path,
the value of M depending on the condition of the communications
system determined in step (c); and

(e) decoding the sequence of received symbols using the

25 M survivor paths.

16. The system in claim 15, wherein the condition is a quality
of the communications chanrel and the electronic circuitry detects the

ThlS Sheet Has Been Replaced




Therefore, the decoding operation is repeated for a nunber [err] of |ast
stages by retracing that nunber [err] of stages in the trellis and 10
restarting the trellis decoding al gorlthm bI ock 110 This retrace
- procedure ensures a high degree of relH§ cod| ng accuracy.
Control proce | ock 112, where [err s of the Msized

i

trellis decodi r|thmare perfo qual to qu]%_/zml
. Anot her decision is nmade at block 11 mngm I‘:m ether the 15 current
- channel quality is less than the thresho in the Terr] stages:
If it is, the Mstate decoding procedurg%l s continued at N

M set at [err] However, if the current annel quality |sﬂmmm|"a|“,tm4m
~or equal to the threshold T, a new, snaller value of Mis * «¢ganemale

bl ock 116 reflecting the current trend that reduced 20 decodi ng conplexity
may be appropriate in view of the recently | nproved channel quality.

But rather t harcurnersioqaalityyofsthe comymiimicationsehvaniedliseleétsd fostfaineoft he
present inventi)an Oy o] conservat i ni.n dyre.
Rarol v, the vaiiiaf SR8 ot by, of tas YRntRlcekibne RdBndl ip BreREar i
trellis ungil idreqmlitea treshild, Rhdselevtea seborid oabkaol b grdmwﬂﬁm t he
present inventigon | oys t channel di n A and the
control | ed Mréﬁﬁﬁgﬁ% eﬁf@h&%& %‘E‘éﬂ?ﬁy rkto ecr?gfﬁl m}she channel
condi tion renaichantiel iskess thanthedheeshalde! before Mis set to Merr]. The
M st at e decodi ng '

17. The system in claim 15, wherein the electronic circuitry
increases the value of M if the current condition is less than a
threshold, and decreases the value of M if the current condition is
greater than or equal to the threshold.

18. The system in claim 17, wherein after decreasing the value
of M and the current quality of the channel drops to less than the
threshold, the electronic circuitry repeats steps (d) and (e) for the
received sequence of symbols using an increased value of M.

19. The system in claim 18, wherein after increasing the value
of M and the current quality of the channel improves to greater than
the threshold, the electronic circuitry maintains the value of M at its
current value for one or more symbol periods before determining

5  whether to decrease the value of M.

20. The system in claim 19, wherein after the one or more
symbol periods, the electronic circuitry halves the value of M in
successive stages of the trellis to 2 minimum value while the current
condition of the communications channel continues to equal or exceed

5 the threshold.
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. 20 procedure is perfornmed with the new snal | val ue of Min block
118 bei ng reduced again, if possi bTH$ SHEERH %I?‘%EG until it reaches
Merr] (bl ock 120). Control returns toRER 102 to repeat the

. above-descri bed ation recursivy ' ceived sy 1e
. | owest, opti nal w%’?’gve of decodi ng cﬁ“ﬂ“ﬂﬂ“ﬂ‘ﬁsure satig?gt@%%ﬁﬁ
'~ decodi ng per.f or mance. Fig. I'TTustrates the perfornmance of

- the present invention with reduced conplexity as co

. traditional full conplexity Viterbi alBgorithm Bit error r ) IS
applied on the vertical axis 10 with the signal-to-n ‘“ﬂmﬂu‘ﬁ&\“ﬁw
. [energy per bit to noise power spectral density]) on the
- horizontal axis. In this practical illustration, the Tadio receiver is

Corresponds to a 64- ot Ak The SR o LA, Sthers the pendivion is B 05 2
asterisks), whil e chdfginditbry of an encoding scheme used to encode symbols to be
transmitted, step (d) including adjusting the value of M to decode
symbols encoded using an encoding scheme based on the size of the
5 coding memory.

22. The system in claim 15, wherein said electronic circuitry
performs additional tasks other than tasks related to performing steps
{a)-(e} in time share fashion, and wherein the condition is current data
processing tasks to be performed by the electronic circuitry, the

5  electronic circuitry decreasing the value of M if a current number of
the additional other tasks to be performed is relatively large, and
increasing the value of M if the current number of additional other
tasks to be performed is relatively small.

23. The system in claim 15, wherein the receiver includes a
battery for portable battery operation and the electronic circuitry
performs additional tasks other than tasks related to performing steps
(a)-(e) and the condition is current data processing tasks to be

5 performed by the electronic circuitry, the electronic circuitry
decreasing the value of M if a current number of total tasks to be
performed is relatively large to decrease power required by the
electronic circuitry, and increasing the value of M if the current
number of total tasks to be performed is relatively small.

24. The system in claim 15, further comprising plural
transmitters, wherein the receiver receives a numbeér of signals
including encoded sequences of symbols transmitted from the plural

This Sheet Has Been RTilaced .
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15 of the decoding schene in accordance with the present invention uses

a'variable M (indicated by plus si gn.ﬁ_]| SMEET vAklBeENhe same decodi ng
' performance was achi eved by both proceduggm.addonever, the present

. invention acconplished this decoding using an av ge of 10 and 11 .

' states (M=10-11) as conpared to the n“m"m“ﬂﬂllmterbl algorithm 20

- Thus, the compM™@3"%848t the variabl e i | oyed by tREI/US96/20091

. present invention was six tines |ess conplex when neasured in terns of
| nunber of operations executed to decode the data. Qh e
' enbodi nents using different conmunicati [9. S system condi ti ons are now

 descri bed. For exanple, the 25 commui catrons system copngaiu ‘m\m\m{e to
- the conplexity of the - encodi ng schenme used by the {‘ “m ang
. encoder 12. Codes with nmore menory potential (sometrnes rlefdrréd to as

"constraint |ength” in the literature) exhibit better perfornmance.
However, since texesmitters on the commiifiicationsdhannel, wherein the condition is

PCT/ US96/ 20&)91 the number of signals;
increasing the value of M for a first number of received signals;
and
decreasing the value of M for second number of received signals
smaller than the first number.

25. In a communications system, a method for decoding
encoded symbols transmitted over a communications channel,
comprising the steps of:

(a) developing a trellis structure of nodes and branches for

5 decoding a sequence of symbols received on the communications
channel, each set of nodes in the trellis representing possible values of
 areceived symbol at one time instant, each branch defining a specific
transition between nodes of nodes sets at different time instants and
having an associated branch weight, wherein a linkage of branches
10 between nodes in the trellis defines a path through the trellis that
represents a possible symbol sequence;

(b) accumulating for each trellis path an accumulated weight;

(c) determining M survivor paths through the trellis based on
réspective accumulated path weights for each path;

15 . (d) determining a current quality of the communications
channel and comparing the channel quality to a threshold;

(e) if the compared channel quality equals or exceeds the
threshold, setting the value of M to a relatively small value,
performing one trellis decoding stage of the sequence of received

20 symbols, and returning to step (d); |
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21 conpl exity increases exponentially with menory of the code, these
codes cannot be easily used due to da b@@h constraints. A

smal | er value of M my be varied inTH a§isp cé to adapt the decodi ng
procedure to a |l evel best suited given articular set of 5 codes.

Decodi ng proced perfor med u E“‘“It‘“ﬁm ng circuitr

oftenti mes the :}2627’% cessing ci rc “ﬂ“ rma nunt?&"‘ﬁ#; %?"ﬂbr
tasks in a tinme share relationship. Another comuni cati ons system
condition relates therefore to the current data 10 processi ng tasks to be

perfornmed by the data processing circuitrgg The val sed
I f the current nunber of additional tasks to be perummtml ““r“ iﬁmﬁely
large. In this way, the data processing circuitry issralievetl of t*h

burden of a conpl ex decodi ng process so that it nay devote nore
processing resources to performthe other 15 |arge nunber of pendi ng t asks.

On the other hand, the(fydf the compared channelequalitysisdess tharethehthriesholdy |ng

th f
(e per or rnce ofodii ARCRAGG oo o Welaus YRER ISR RbrailbAk RS
primary concern, omwalstﬁgesfofh'eﬂlmdnndmsb@redemtumep(d)

predet er m ned IeveI of decoder 20 performance in response to changes in the

quality of the comuni cati ons channel. When Mis relatively |ow, the
fuill capacity 26. The method in claim 25, wherein step (D) further comprises:
retracing a preset number of stages in the trellis before
performing trellis decoding.

27. The method in claim 26, further comprising:

after retracing, performihg a predetermined number of stages of
trellis decoding; |

checking whether the current chanmel quality is less than the

5 threshold; and

if the current channel quality is less than the threshold after
performing the predetermined number of stages of trellis decoding,
performing a next predetermined number of stages of trellis decoding.

28. The method in claim 25, wherein if after setting the value of
M to the relatively large value, a current channel quality is
determined to be greater than or equal to the threshold for a
predetermined number of trellis decoding stages, setting a new value
5 of M less than the relatively large value.

29. The method in claim 28, wherein the new value of M is set
~ to the larger of the relatively large value of M divided by 2 and a
minirnum value of M.
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of the data processing circuitry is not consuned by the operation of the
trellis decoder. As a result, the excess capacity of the data processing
~circuitry can be devoted to other .t JHIGSHEETIHAS BEEN:r priority. In the 25
context of portable, battery-operat ed r BEBIAGEDR;, the val ue of M may be

decreased V\/nengvver ‘c‘%si stent wt h nce objectives in
order to reduc¥AHE¥nber of data mﬂﬂ ﬁ!ﬂ? associ at edPGR/U$96/20091 t he

trellis decoding operation, and the ttery drain.

WO 97/ 24849 PCT/ US96/ 20091
22 The present invention maé al so be applied to a spread
spectrum type receiver in which plur 6

{Fansr 18 "vea on = JIBRANI T Iil'lﬂlll
transmtted by plural transmitters are received on a

30. The method in claim 25, wherein the current quality of the
communications channel is determined based on a signal strength of
the received signal.

81. The method in claim 25, wherein the communications
channel is a fading channel and the signal strength corresponds to an
average faded signal strength of the received signal.

32. The method in claim 25, wherein the communications
channel is slotted and the sequence of encoded symbols is divided into
portions with different portions being interleaved into different slots
on the communications channel before transmission, and wherein

5 before step (a), the method includes deinterleaving the received
sequence of symbols.

33. In a communications system, a method for decoding in a
radio receiver encoded symbols transmitted over a communications
channel, the radio receiver having plural antennas for receiving a
transmitted signal including a sequence of coded symbols, comprising

5 trellis decoding the received signal using a variable number M of
trellis survivor paths or states where the variable number M is
reduced by selecting a received signal from one of the plural antennas
having a highest signal quality thereby reducing the complexity of the
trellis decoding procedure.

34. The method in claim 33, further comprising:
detecting and storing signals received from each of the plural
antennas;
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communi cati ons channel. The value of M may be changed in response 5 to
changes in the nunber of interfering signals. Wen satisfactory
performance of the decoder is degr'ﬂﬂﬁ&*ﬁ&t&%@ﬁw addi ti onal
interfering signal, the value of Mca nRERLACED eased to maintain or

| nprove decoder dgpnce. en the nunber

iﬁerferi ng si gr?gﬁs decreases nﬁl ﬂqﬂmphbe decr eased Fo tﬁﬂmf'gl
smal | est val ue of M consi stent W|t satl s actory decoder perfornmance

order to conserve processor or battery resources. ﬁécﬂe{—her—e*anq)l e
enbodi nent of the present invention usinggy di versi- ty now
described in detail. As showmn in Fig. 2, the recei Hﬂ”! ﬂ Im pl e
antennas and obtain relatively 15 uncorrel ated copi es

signal fromeach antenna. The antennas are rendered uncorrel at ed by
separating them spatially or usi ng .or t hoganal poI arizations._ The

recei ver conbi nes thes@tem%iﬂ&#mm&dtﬁa rforeachisferedsignal; in a
menner to improve sigAfhe BAMckdA signil wiBletEE bigkst iRanheDRaRAEy S| Onal

. based on average 20, faded srgnal strength, co-phasing the srgnals to
- perform naxi nal - indicatg¥ o- conmbi ni ng or equal gai n conbini ng, adding the

- branch netrics cal cul ated for each of the nultiple antennas, and adding
. the received signals to sup&ess interference, etc. |f there are N
antennas and K mt%ﬁf@'he dmdmN;SéhﬁwtheurMpmm can be reduced.

- Al'l these 25 net hods | | H:%ﬁé #Q al ue |
of M and reduce t varl r?gg srgna qua éthﬁg ovmetﬂ'gg'l1 In ?%4“& .

~smal | er r angethsn Wteq ,ton threghold, and
increasing the value of M if the highest signal quality is less
5 than the threshold.

86. The method in claim 34, further comprising:
selecting a first value of M if a current highest signal quality is
greater than or equal to a threshold, and
selecting a second value of M greater than the first value of M if
5 the current highest signal quality is less than the threshold.

37. The method in claim 36, wherein signal quality is
determined based on a signal strength of the received signal.

38. The method in claim 33, further comprising:

(a) developing a trellis structure of nodes and branches for
decoding the sequence of symbols received on the communications
channel, each set of nodes in the trellis representing possible values of

6 a received symbol at one time instant, each branch defining a specific
transition between nodes of nodes sets at different time instants and
having an associated branch weight, wherein a linkage of branches
between nodes in the trellis defines a path through the trellis that
represents a possible symbol sequence;

This. Sheet Has Been R

(T



WD 97/ 24849 PCT/ US96/ 20091

23 Fig. 6 is a function block diagramwhich shows in nore
det ai | the diversity antennaTHtsrsﬂﬁﬂ' BEFNne way of processing the
signal s recei ved by each of the &P in accordance with one exanple
enbodi nent of %Mi’ent I nvent ceived on each _5 diversi ty
antenna 30A. .. treated aslgn!uﬂmg m:“unnel i.e PCTHSIRAPOL]
channel N. Each channel is proce using its own dedi cated front end

processing circuitry 48A - 48N which perforns such conventional tasks
as RF preanplication and frequency wnconver si on. Once the signals

e covertea o besesana, " {hey ere 10 sBrcd T merory i T
i 50A...50N. Signal processor 39 in Fig. 2 includes * LM os

10 (b) accumulating for each trellis path an accumulated weight;
and
(c) determining the M survivor paths through the trellis based
on respective accumulated path weights for each trellis path, wherein
M is varied in accordance with a condition of the communications
15 channel.

39. A communications system, comprising:

a transmitter having an encoder for trellis encoding a sequence
of symbols and transmitting the trellis encoded symbols over a
communications channel; and

5 a receiver having plural antennas for receiving transmitted
signals including a sequence of trellis encoded symbols transmitted
over the communications channel and a trellis decoder including
electronic circuitry for trellis decoding a received signal using a
variable number M of trellis survivor paths or states and optimally
10 varying the variable number M by selecting the signal from one of the

plural antennas having a highest signal quality to reduce the
complexity of the trellis decoding procedure.

40. The communications system in claim 39, wherein the signal
‘quality is determined based on a signal strength of the received signal.

41. The communications system in claim 39, wherein the
receiver determines a current signal quality condition of the
communications channel for signals received by each of the antennas
and the trellis decoder varies M based on the determined current
condition for the selected signal.
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selection logic 52 which determ nes a signal quality indicator for each
buffered signal. The selection logic 52 then sel ects the buffered

recei ved signal having the highest siJH8S BENdi cator for further 15
processi ng and decoding in the TCM decodeft ternatively, sel ection

logi ¢ 52 may sewwyﬁgy wei ght the based on Pcrhﬁﬁ‘éliouyl
signal quality indicator and then co “@ ed signals
combi ned signal. The buffered signal corresponding to the dlver5|ty

antenna havi ng the highest signal quality is nobst heaAl-l-—l—y—Q—O—AA%I—ghLe-d—\Ahl ch

ensures that the conbi ned signal substantigg |y eflects t he best sig
quality for that particular tine instant. H IH I l
flowmchart formthe general procedures for varyi ng

survivor paths to be used in the trellis decodi ng based on pI ur al
received signals by plycal diversity 25 antenna he base and 5| nal s,.from
each diversity antennaEi r ethe co:ggmgﬁ ’E\M %‘I
channel qual ItleSdEesd&aréheasescMrmmémgqﬁs g gﬁhﬁaathan%ech of
the plurality of dive S|ty tenpas are then de mnedl S p6,2 As
descri bed above, # threshoﬂ], cfmcreasesMthhe sxgnariqua%

less than the threshold.

43. In a communications system, a method for decoding in a
receiver encoded symbols transmitted over a communications channel,
the recetver having plural antennas for receiving a transmitted signal
including a sequence of coded symbols, comprising trellis decoding the

5 received signal using a variable number M of trellis survivor paths or
states where the variable number M is optimally varied by selectively
weighting and then combining the received signal from the plural
antennas to generate a combined signal such that an antenna signal

~ having the highest signal quality is the most heavily weighted in the
10 combination to thereby reduce the complexity of the trellis decoding
procedure.

44. The method in claim 43, further comprising:
decreasing the value of M if an overall signal quality of the
combined signal is greater than or equal to a threshold, and
increasing the value of M if the highest signal quahty is less
5 than the threshold.

45. The method in claim 43, fuarther comprising:
selecting a first value of M if an overall signal quality of the
combined signal is greater than or equal to a threshold, and
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24 buffered sanple with the best channel quality neasure is

sel ected, or alternatively, nore heavil y wei ghted in step 64. A
variable-Mtrellis decodi ng procedur BiIS$ *‘lE g‘ med in step 66 in
accordance with t he procedures outli ned R | owcharts illustrated

in Figs. 3 andW®97848484 descri bed above r di ngl yPCTAIRE6{20091
further reductions in conplexity cor '#MI““ ummgn even further
reduced val ue of M are achi eved using diversity ant rrner“recepi—l—en—'
signal -to-noise ratio (Eb/No) plotted in dB on the hori u;,“l,,”u,n
again, the radio receiver is noving in a vehicle at a speed of )
KMPH. The vari abl e-M decodi ng schene W t hout diversit eception is
plotted using plus sisglectinga sprand malwemegreaben émt oalweyofMoifedur e

using divergity c t using an
aver age of § es% ?E S ppr oXi ma‘? [% an gaégqh onal. 50%

reduction in decﬁd‘eshnldorrpl exity is achi eved. Moreover, relative to the
full 64-state Viterbi algorithn, the vari abl e- Mlecodi ng procedure with -
di versity reduces the decoding

46. In a communications system, a method comprising:

accordance with the present i nventi oggas descri bed aboy
error rate is plotted on the 10 vertical axis of the graph” ,

encoding a sequence of symbols;
10 separating portions of the sequence of encoded symbols in time
or frequency;

transmitting the separated portions;
receiving the separated portions and combining the éeparated
portions into the sequence of symbols; and
15 trellis decoding the received signal using a variable number M
of trellis survivor paths or states where the variable number M is
reduced as a resulting of the separating step.

47. The method in daim 46, wherein the separating step
20 includes separating the portions in both time and frequency.
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conplexity by a factor of 11. 20
conjunction with a vari abl e- M

adapts the conplexity of the

Wi th the current widénagde condi tions. This approach is not on]
efficient in the sense of reduced decodi ng conplexity, it al &

the required transmtted 25 power to achieve a fixed bit error
performance. In essence, the

decodi ng procedure, the present

Thus, using diversity reception in

i nvention

&

~trellis decoding procedure in accordance

nor e

L

rate

value of Mis adapted with the channel
recei ved channel quality indicator.

Spgee!

The

condition as reflected in the
value of Mis increased when t he channel 82?dition I's poor, and the
val ue of Mis decreased when WO 977 24849
PCT/ US96/ 20091 25
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t he channel condition is good. The conplexity of the variable-M

decodi ng procedure is proportional to the ratio of tine during which

t he channel condition is good relative to when the channel condition is
poor. The preseniyd i@l ON i nproves this ratio using antenna 5 _diversity,
and as a result, lowers the transmt power rggyired to achi eFETASYY

bit error rate by the receiver decoder relatiVe to use of t he sane

vari abl e M decodi ng procedure W t hout antenna diversity. Loweri ng
transmt power reduces batterygdLajq f trapsm tting portable radio
transcei vers and reduces adj ace chan inp rferegnce 10 caused by
transmitters in fixed, base statlion t traqgceivqrs. For a gi ven
transmt power, the present inxéntion rqyuces decodi ng conpl exity and
therefore reduces battery draiQmx} he cei i nproves decodi.ng
perforrmance in terns of reducing the er gf bit errors w thout
increasing battery drain by &hg xeceiver/ 138 Two further exanple
applications of the present inlégkion are ™ br escri bed. First,

mul tiple diversity transmtti nggantennas (see . s 28a...28n) may
be used to transnmit the saminflormation to t Has erver to inprove
signal quality. For exanple, nt enna havi better path to the
recei ver can be selected by {F ; er 20 based ¢n the received signal on
each antenna. Transmi ssion along a ] &N better pa rs better signal
quality, and hence, a | oweg ' A M can yed. A
second further exanple apj§j< tion relates to
synbol interleaving and/or freéquemcy hopping.
"break-up"” channel nenory.
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sent and the synbols are highly correlated in tinme due to channe

menory, decoding performance will be poor whenever the channel

condition is poor because all synbols are affected. However, if the

WD 97/ 24849 WO 97724849 PCT/ US96/ 20091
26 synbol s are "shuffled" such that they are separated byPEH¥RIE20091
unr el at ed synbols, they are less likely to be equally affected by
channel nenory. Synbol interleaving when used with frequency hopping is
particularly effective in inproving si gy quality because, in addition

to separating 5 synbols in tinme, those synbols are also separated in
frequency.. G oups of tinme-separated gynbols axe transmtted at
different carrier frequencies. At the 1S¥aRTvel}, the synbols are
sui tably deinterl eaved

DETERMINE CURRENT COMMUNICATION
SYSTEM CONDITION

T
CONDITION
GREATER THAN OR EQUAL TO A
THRESHOLD

?

YES

56
, {,,54 { ,
1
CHOOSE SMALL CHOOSE LARGE
VALUE FOR M OR REDUCE VALUE FOR M OR INCREASE
CURRENT M VALUE AND DECODS CURRENT M VALUE AND DECODE
30A
RECEIVED
, - BUFF]
CHANNEL 1 PROCESSING v ] =R DECODED
o, - rean % patA
3N o 8A 7 @ . SELECTION | |7 tom
V- e . . LOGIC ™| pEcopEr|
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and sent to the variable Malgorithmfor decoding. The inproved si gnal
quality due to interleaving (in both tinme and frequency) allows 10 the use
of a |low value of M Whil e the invention has been described in

connecti on vvith“%@??ﬁga_ is presently considered to be the rmsthegﬁ% %}ﬁ‘%ﬂ
i S

and preferred ment, it is to be understood that the i

not to be limted to the disclosed enbodi nent, but on the contrary, is
i ntended 15 to cover various nodifications and equi val ent arrangenents

I ncl uded within the spirit and scope of 4/pe appended cl ai ns. For

exanpl e, al though the present invention is described in teFFGof4

post - det ecti on di versity where the bufferedg—sanpl es were sel écted after
t he signals fromthe diversity ant ennem)dul ated to baseband,

t he signal sel ection .coul d Rggperf or met—s+rgd predet ecti on/ denpdul ati on
diversity, i.e., at RF or IF frequencies. Al though the invention is
described for trellis coded nodullati E t can be used | enodul ati ng

bl ock coded nodul ation, convol uti onag ﬁﬁe’ﬁm'gmgk%ﬁ%s artial

response nodul ati on such as conti any set of
signal s that can pe—tepieseni-edbymsitohllissl

102

GENERATE CURRENT CHANNEL QUALITY (CQ) INDICATION

- 104
PERFORM ONE STAGE OF M-STATE DECODING PROCEDURE WITH M = Mninl
06
YES Q2T
2
NO
110 SET M = Mpay .‘,—-108
\_ 3
I RETRACE TRELLIS BY GOING BACK & STAGES '
—~ 112

7
PERFORM A STAGES OF M-STATE DECODING PROCEDURE WITH M =M .

CQ<T
WITHIN A’ STAGES

3 NO
SETNEW M= max[m.g_M..Mmin]

§116

'[-118

PERFORM ONE STAGE OF M -STATE DECODING PROCEDURE
WITH NEW M




27 CLAI M5 1. In a communi cations system a nethod for decoding
encoded synbols transnmitted over a cOrISSHERT HABBEENannel , conprising the
steps of: (a) developing a trelllﬁﬁﬂhﬁpﬁBture of nodes and branches
for decoding a g@ggﬁa%ﬁ of synbols r onnunlcatlons channel ,
each set of nodes inthe trellis corrm 6 fixed number PGFUSI62009
representing possible values of a re one tinme instant, each

branch defining a specific transition between nodes at different tine

instants and having an associ ated branch wei , wherein a |inkage of
branches between nodes in the trellis define path through the trellis
that represents a possible synbol sequence; (b) determning a
current condition of the conmmuni cations system (c) determning a

vari abl e nunber of survivor paths through the trellis, wherein the
determ.ned val ue of the variable nunber of survivor paths varies dependi ng
on the determ ned condition of the conmmunications systemdetermned in step

(b) and is less than the fixed nunber of states in the trellis when the
predet er i ned condltlog%

current commrunicatio oI
and (d) decodiing the sequence of recei ved synbols ‘usi'n ng the
- determ ned nunber of survivg; pat hs.
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2. The method in claim1, step (c) including: selecting a first

val ue for the variabl e nunber of survivor paths if the current

comuni cati ons system condition is THISSHEET MASBEEy cqual to a threshol d,

and sel ect| n%&econd val ue for RERGAGED i abl e nunber of s:i,r Vi vor
pegpa, o

pat hs greater t first val ue iabl e nunber of sumAiDy
I f the current status of the commu , %’ﬁ m condition is | ess than
t he threshol d. 3. The netho et " step (c) including:

28

AVENDED SHEET i ncreasing the
val ue of the variable numher of survivor plfhs if the

FiG. 7
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f
DETERMINE CHANNEL QUALITY FOR EACH DEMODULATED SAMPLE
FOR EACH ANTENNA
1
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66
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current condition is less than the threshold up toward the fixed nunber of
states in the trellis, and decreasing the value of the variable
nunber of survivor paths if the current condition is greater than or equal

to the threshol dygeynegee 4 The nmethod in claim1, wherein the condition
is aquality of the comunications channel, said determ ning stepCY/H§96/20091
detecting the current quality of the communications

i ncl udi ng:

channel , ~selecting a first value for the variabl e nunmber of survivor
paths if the current quality of the conmunications channel is greater than
or equal to a threshold, and sel ing a second value for the

vari abl e nunber of survivor paths greater than the first value if the
current quality of the conmunications channel is |ess than the threshold.
5. The nethod in claim4, wherein the current quality of the
communi-cations channel is determ ned based on a signal strength of the
recei ved signal . 6. The nethod in claimb5, wherein the
comuni cati ons channel_is. i el and the signal strength
corresponds to an average fad nplitude Yof er
7. The nethod in cllaim4, wherein the first value corresponds to
vari afBe nunber of survivor paths and the seco

m ni nrum val ue of the
A
£ 8
o —

. X "o" _‘l-n
2 = s R
-~ &

i ES
8 3
[y} fon]
a. b
7] o=
- = o
& g
-m
g )
o - 2
-
2 e
B ~nJw
0=
I
=£
Zfa:
3
(2]
= Eo
L vt W Q
= =X ]~
o
.« +
=) *+
=
LJ ® +
°°lllll 1 "6'““... l‘a.’_l_llllil 1 nuul! 1 Leate s g 1 o I g)
y3g ~
L)
ey

SUBSTHVIE SUEET (RULE 26)



03

cor s to a-maxiJ4rum value [of M, and wherein after selecting t

m ni nrum val ue and the current quality of the channel drops to |less than t he
t hreshol d, increasj U\'CF vet-te the variabl e nunber of survivor paths in
a controlled fashi'o:@ EMENTBSHEE]Tte method in claim3, wherein after
decreasi ng-the valju of t he vart I<, nunber of survivor paths and the

v

current quality of tpgf:guq%g@ 5
29 to less than thre ol peating steps (c) and (d) for the
recei ved sequence ot Symbots—usi.nly fn i fcreased value for the variabl e

nunber of survivol_paths. 91 The nethod in claim?7, wherein after
I ncreasing the val ue of the vartabt+e nunber of survivor paths and the
current qualit e ch i_mpr s t reater _than the threshold,

T8 nt ai ni ng t ?@ngg FORLAERL, RECROTHE STNG MoVARKABLE WBBERne or
nore synbol eterm ning whether to decrease the value of the
vari abl e nunber of survivor paths.

The present invention relates to decoding received symbols in a
communications system, and in particular, describes a decoding
5 techniqué using a trellis structure where the number of trellis states
or paths retained during the decoding process is variable.

ACKGRO Y OF THE INVENTION

10 In coded data communicaiions, encoded symbols are
" fransmitted over a commumications channel, (e.g., a radio frequency

communications channel), which is subject to various types of
distortion such as co-channel and adjacent channel interference, noise,
dispersion, fading, weak signal strength, etc. Trellis coding is one

15 technique used to encode sequences of symbols to be transmitted, and
in the process, introduces memory to the transmitted signal. Because
of the introduced memory, the transmitted signal at any instant of
time depends on previously transmitted signals. Therefore, in order to
demodulate the received signal and recover the transmitted symbols,

20 the decoding process must be performed taking into account the whole
sequence of symbols. _

The preferred method of symbol sequence decoding is maximum
likelihood sequence estimation (MLSE) which offers a mechanism for
decoding the transmitted signal optimally in the sense of minimizing

25 the probability of error. In the MLSE method, the received sequence
of signals is compared with every possible sequence of symbols that
could have been transmitted. The particular sequence out of all of the

"

possible sequences that best matches the received sequence of signals

- | AwENDED _SHEET -




10. The nethod in claim9, wherein after the one or nore synbol periods,

t he val ue of the variable nunber of survivo dﬁ%ﬁ@?l -f.a:vc‘ I n successive
stages of the trellis to a m nimum val ue I M£Nr§HEEE ndi ti on of the
comuni cati ons channel continues to equal or jJexceed the thieghol d.

11. The method in claim1l, wherein the cond tiqw1F§Baw%?ze- f a coding
menory of an encodi ng schene used to encodq gynbols to be ffransmtted, step
(c) including adjusting the value of t#e vdriabre Tumbet urvi vor paths
to decode synbol s encoded usi ng an encodi ng_schene based on fhe size of the
codi ng menory. 12. The nethod in claim1, wherern steps (a)-(d)
are performed using data processing circuitry the data processing
circuitry perform 4§;ukht|onal ot her_ task me-shared fashi.on, and

wherein the depBisTasher dhap Mestatemt Hepcse MT gt shEcHetor ned by
the data pro%%%?bﬂgﬁ:fdﬁr%}y%él&?]ﬁ%% éﬁ&e&”“ ’ﬁéf‘gfstates Mda& s the

val ue of the varl a nber survi vor a current nber of the
addi ti onal otmetanﬂﬂ(ﬁné ﬁ-eﬂlhs.pémfmmmlateiy rxflthe isebdcyed &abme fth is too

i ncreasing the v of, t ar nher of . survi vor
current nunbef® é’cfd'ietlﬁ@zﬁ'}g\ib a}?’%m@ FStadE%F}P%F"ﬁ:Q&g ?tétﬁﬁk%ly

smal | . FEROEIts inGl \y\r;ﬁxghg tike 'Hﬁﬁd system
i ncl udes asportad'}ne a'ggttery 0 eratg:l rélc're‘J er ant ote%gg g ESE are
per f or med if the selected valie of M is too large, the decoding procedure becomes

unduly complex.
The T-algorithm retains only those states which have an
associated metric that is below a predétermined threshold (T). Like

10 the M-algorithm, the choice of the fixed threshold T is critical in order
to achieve satisfactory performance without undue complexity. In
practice, the selection of a threshold T for a particular communications
application that is suitable for all or most conditions encountered in
that application is quite difficult.

15 The problem with a fixed M or a fixed T is that the
communications channel, over which encoded symbols are
transmitted, received, and then decoded, changes. In fastz#t radio
frequency communications, the radio channels exhibit constantly
changing parameters because of fading, multipath dispersion,

20 adjacent channel interference, co-channel interference, noise, etc. In
order to compensate for worst case scenarios for a communications
channel, the value of M for the M-algorithm or the value of T for the T-
algorithm must be set to a relatively large number in order to have a
sufficient number of states available to satisfactorily decode the

25 symbols under such worst case channel conditions. However, this is
an inefficient decoding approach because for a large percentage of the

time, the channel condition may be quite good, and a much smaller
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using data processing circuitry, and wherein the condition is a quality of
tpe ﬁonnunlcgflons channel, step (c) including: decreasi ng the val ue
of the variable nunber of survivor paths if th¢ | 4
comuni cations channel equals or exceeds a thresﬂgﬂrgcﬁswsgirﬁr
drain, and increasing the value of the variabl¢ pumber of survjvpr paths if
the quality of the communications channel is |es thadrEBae99t hj eshol d to
i nprove decodi ng performance. 14 The thod in claim 1f further
conpri si ng: receiving a nunber of signajs includi ng encoded
sequences of synbols transmtted fromplural ubers aon the commini cations
channFI at a single receiver, wherein the condition is the nunber of
si gnal s; i ncreasing the value of the variabl e nynber, of survivor
paths for a rel ati vdhe prasgatinreeionprozidas oy @@Hbﬁ%@éﬁ&g
decreasing the_val u f .t V. IQFH"E SAETL
relatively snaPF’aéﬂiﬁna%rceo‘Q%%g%ve § %%gﬁ’? aﬁi:s ‘s\&%o&ﬁfé‘éoﬁzﬂeﬁty

based on a current condition of the communications system. A trellis

Tb ttery

structure of nodes and branches is developed to decode the sequence of
5 symbols received over a communications channel. Each set of nodes in
the trellis represents all possible values of a received symbol at one
time instant. Each branch defines a specific transition between nodes
at different time instants, and each branch has an associated branch
weight. A linkage of branches between the nodes and the trellis
10 defines a path through the trellis that represents one possible symbol
sequence, and an accumulated weight is generated for each possible
path through the trellis. A variable number M of survivor paths (or
states) through the trellis is determined based on these respective,
accumulated path weights. The value of the variable M depends on
15 the current condition of the communications system. Once the value
of M is adapted to the current condition, the sequence of received
symbols is trellis-decoded using the M survivor paths/states.
A first value of M is selected if the current state of
communications system condition is less than or equal to a threshold.
20 Otherwise, a second value of M less than the first value of M is
selected if the current status of the communications system condition
is greater than the threshold. In one embodiment, the first value of M.
corresponds to a maximum value, and the second value corresponds to
a minimum value. If after selecting the minimum value of M, the
25 current communications system deteriorates to less than the
threshold, the value of M is increased toward the maximum value in a
controlled fashion. In pérticular, the received signal once again is
? trellis-decoded using an increased value of M. On the other hand,
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15. A conmuni cations system conpri Ssing: a transmtter having an
encoder for trellis encoding a sequence of synbols and transmtting the

trellis encoded synbol s over a comruni cati onsrehernred ; a.receiver for
receiving the trellis encoded synbols transmi t%H%AGEMEMhéHEB ni cati ons
channel and having a trellis decoder includinp Erectronrc—ciricuitry for
performng the steps of: (a) develop|1g a Tgkb,§@§tru ture of
nodes and branches for decoding a sequegce of nﬁo e on 't he
comuni cati ons channel, each set of nodes in th t+ellis.carrledponding to a
fixed nunber of states representing possible jalues of a receied synbol at

one tinme instant, each branch defining a specitTiTtransrtrer—bet ween nodes
at different tinme instants and havi ng an associ ated branch wei ght, wherein

a |linkage of hh&uﬂyeﬁnpﬂémnthwﬁeﬁomahbe of thé desodi&, ifitite uPRint t hr ough
gge treflis that amber of ad ttion ossaml ¥tsnb1g|r Aty ;?rcésnall
When decoder performance is of primary concern, the value of
M can be varied to maintain a predetermined level of decoder
5 performance in response to changes in the quality of the
communications_ channel. When M is relatively low, full data
processing capacity is not consumed by the operation of the trellis
decoder. As a result, the excess data processing capacity may be
devoted to other tasks having lower priority. In.the context of
10 portable, battery-operated radios, the value of M may be decreased
whenever consistent with decoder performance objéctives in order to
reduce the number of data processing tasks associated with the trellis
decoding operation, and thereby, reduce battery drain.
The present invention may also be applied to a spread spectrum
15 type receiver in which plural encoded sequences of symbols
transmitted by plural transmitters are received on a single
communications channel. The value of M may be changed in response
to changes in the number of interfering signals. When satisfactory
- performance of the decoder is degraded because of additional
20 interfering signals, the value_ of M may be increasec_l to ma.mta}n or
improve decoder performance. On the other hand, when the number
of interfering signals decreases, the value of M may be decreased to a .
smaller value of M which is still consistent with satisfactory decoder
~ performance in order to conserve processor or battery resources.
25 In one specific example embodiment, the present invention
adapts the trellis decoding complexity based on a current channel
condition in a communications system using a best received signal

from plural diversity antennas. Each of the receiver:s plural diversity

8 semassar o
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(b) determining a current condition of the copuunications system

(c) determ ninmg—a variabl'e nunber of survivol RERIACEMBNDUGHEEThE trellis,
wherein the valu tlﬂg Hmw‘“m“mbl e nunber off suwvor--pathsy depends on
the condition of | ijkhs system det ¢r i ned b) and may
differ fromthe fi ! ar of states in fhe trell13,#@1§6@2e etn the

val ue of the variable nunber of survivor thslid | ess than the {ixed
nunber of states in the trellis when the conditfion of the communjcation
syst em sat i sf ChAIMSpr edet er mi ned condi tion; and <e—decodi ng t he
sequence of received synbols using the variabl e nunber of survivor paths
survivor paths. 16. The systemin claim15, wherein the condition
is a quality of the co ' ' mn}rﬂ@t n I i ' hd Ty
detects the curren?' qugm?;ﬁo 'tgﬁgaco niec'gf ?éﬁ,@ﬁgﬁgﬁﬁ%&t’s‘g g@tbgﬁ%afi rst
val ue for t hesymbolsitansmitted ovef aonwnupications eharinel heoroprisingithe staépst of: of

Lgfeﬁi’ ?:LE?ELS% i %#el%ﬁ@%iaiﬁéﬁési{u‘%&»%bfﬁgagé a ﬁaﬁ%?ﬁ@'@w&?&l
| Tess than T REGRRRS bf P0G eEaed 47 tlalcamb REARARTKRLAAL, Baeh RaROrT

the el ect r oni godes inthertreliigcoresyondingto/alfied nuniber of states repragehting of
survivor paths if the current condition is |less than a threshold, and

decreases t hepassible valuesef & received:-symbelat are timenstant, gachdranch Hefiingr ent
dition i ter .than. | to th 1 d.. . Th
Cyatem i n ci af SPESTC AARRHoR batfign fies H M BRE Ry Siinstepts ang having HiY

associated branch weight, wherein a linkage of branches between nodes in the

trellis defines a path through the trellis that represents a possible symbol
sequence;

(b) determining a current condition of the communications system;

(c) determining a variable number of survivor paths through the
trellis, wherein the determined value of the variable number of survivor paths
varies depending on the determiried condition of the communications system
determined in step (b) and is less than the fixed number of states in the trellis
when the current communications system condition meets a predetermined-
condition; and

(d) decoding the sequence of received symbols using the determined

number of survivor paths.

2. The method in claim 1, step (¢) including:

selecting a first value for the variable number of survivor paths if the
current communications system condition is greater than or equal to a
threshold, and |

selecting a second value for the variable number of survivor paths
greater than the first value of the variable number of survivor paths if the
current status of the communications system condition is less than the
threshold.

3..  The method in claim 1, step (c) including:

 [Lamenoep sweer ]




variabl e nunber of-st+rwivor paths and the currgnt irejchannel
drops to |l ess than the threshol d, the el ectronifc RJ rﬁﬁw‘l}gé%ﬁa s steps
(c) and (d) for thﬁtl ’m ”,ﬂ"m of synbol]s jusi ng an incrédaged val ue
of the variable nu Tmmm 191 FEB499Y/stemn in claim
18, wherein after increasi hg the val ue of Jghe Marji abl e nunber of |survivor

paths and the current quality of the channel | fpr oveés to greater [t han the

t hreshold, the el ectroni.c CII’C |tr0i msunt,aa(ltl i 32 v He of t he
vari abl e nunber of IN§(RaSING e ¥alHe of the yanable number g

synbol period e he
vgri abl 2 nunbéli"pgét s&p\ﬁ}ﬁnorg%g% ﬂ%nvmgttn'%%hé@ @ﬁ%ﬁ%ﬁh?gﬁfﬁ" élijn?ftw
wherei n aft ergtafss mrmleemg)raﬁdsynbol periods, the electronic circuitry
hal ves the val ue of the variable nunber of sur vi vor Pat hs in successive
stages of the trel deeremging thenvanemoftheoariable aumber of survivor paths if the

current condition is greater than or equal to the threshold.

4, The method in claim 1, wherein the condition is a quality of the
communications channel, said determining step (b) including:

detecting the current quality of the communications channel,

selecting a first value for the variable number of survivor paths if the
current quality of the communications channel is greater than or equal to a
threshold, and

selecting a second value for the variable number of survivor paths
greater than the first value if the current quality of the communications channel

is less than the threshold.

5. The method in claim 4, wherein the current quality of the
communications channel is determined based on a signal strength of the

received signal.

6. The method in claim 5, wherein the communications channel is a
fading channel and the signal strength corresponds to an average faded signal

amplitude of the received signal.

7. The method in claim 4, wherein the first value corresponds to a
minimum value of the variable number of survivor paths and the second value
corresponds to a maximum value [of M], and wherein after selecting the
minimum value and the current quality of the channel drops to less than the
threshold, increasing the value of the variable number of survivor paths in a

controlled fashion.

8. The method in claim 3, wherein after decreasing the value of the

variable number of survivor paths and the current quality of the channel drops
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current conditionWLrgns channel

exceed the threshol systemin [ @QS ei

condition is a siz ]jm ﬂ'ﬂ ry of an encdqdi ng sch%

symbol s to betran 'ﬂ”m iflncludlng adju Iu
ats (6]

vari abl e nunber of survivor % deco synbpl s _encoded using
encodi ng schene based on the size of the codlng menory.
systemin clajm 15, vvh ei.n sai ectronjc CI cuitr rforns additional
Lasks ot her tle4e5s aanth h&%@tplgdepsam #eRg (6t ea@ (‘éﬁfppehs reaeiedre share
fashi on, and e Tols] Sy to be
perfor rred by %ﬁ%céﬁ%ni C glhrgi(?%'# @‘c Fﬁ%@%@?@nﬁ%%ﬁ?@tl t r@'s%ﬁ@fr easi ng
the val ue of &i@ivoripathd.e nunber of survivor paths if a current nunber of
the additional other tasks to be performed is relatively large, and

i ncreasing the val ue of _the variabl e nunber of survivor paths if the
current number of 8ddit ThRanethordn claimii whereia afteriinereasingthesalie obihg

bt tery for pbtap DU SRt odtand B EnEabalf R Viapddl) o ©

perforns addi jhsaebs teglsater than the amefsﬁé!@s nmghiairfidg tise oauianfrthél gaﬁésn@s
(a)-(d) and the condition is current data processing tasks to be perforned

by the el ect rmmmbecofsumwoypathsafoeloaetammze symbaliperipds deferesdetgrmining al ue
of the varlabl er, of sur unber of total t asks
Lo be- per or ntaeleT g Heranseythe yaind Bt haariais Ppher of SiNoc et  he

electronic circuitry, and |ncreaS|ng t he val ue of
10. The method in claim 9, wherein after the one or more symbol

periods, the value of the variable number of survivor paths is haived in
successive stages of the trellis to a minimum value while the current condition

of the communications channel continues to equal or exceed the threshold.

11.  The method in claim 1, wherein the condition is a size of a coding
memory of an encoding scheme used to encode symbols to be transmitted,
step (c) including adjusting the value of the variable number of survivor paths
to decode symbols encoded using an encoding scheme based on the size of

the coding memory.

12.  The method in claim 1, wherein steps (a)-(d) are performed using
data processing circuitry, the data processing circuitry performing additional
other tasks in time-shared fashion, and wherein the condition is current data
processing tasks to be performed by the data processing circuitry, step (c)
including:

decreasing the value of the variable number of survivor paths if a current
number of the additional other tasks to be performed is relatively large, and

increasing the value of the variable number of survivor paths if the

current number of additional other tasks to be performed is relatively small.

13.  The method in claim 1, wherein the communications system
includes a portable, battery-operated receiver and steps (a)-(d) are performed

T SaINAmmy
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33 the variable nunber of survivor paths if the cufEBMCEMEMeSHERT ot al
tasks to be perfornmed is retatively snall. A4. The systemhiln claim

15, further corrprisl I transmitters, whereiln {the yeegiqgey fMegeives a
nunber of signals i m,mlmﬂ ﬂ equences of gqynbols transmtted from
the plural transmttérsco y ni cat izgns charjnets—where+A—

condition is the nunber of signals? I ncreadi ng the val ue of {he

and 0 g el placsSeR R, meduhe Rl B RGon E S QRO 6T U ne

for a second QYHRRMiG ' ' er than the first nunber.
25. In a conmuni cé‘€‘?‘f§'€§'§§?@%’§5@1ﬁ9mﬂ@gg decodi ng encoded synbol s

transmitted over adecreasingdheivahse ofthenariableongmber ofisurvivos paths ibthe

(a) developinq_a trellis structure of nodes and branches for decodin
quality of the communications channel equals or exceeds a threshold to redu

battery drain, and increasing the value of the variable number of survivor paths
if the quality of the communications channel is less than said threshold to

improve decoding performance.

14. The method in claim 1, further comprising:

receiving a number of signals including encoded sequences of symbols
transmitted from plural users on the communications channel at a single
receiver, wherein the condition is the number of signals;

increasing the value of the variable number of survivor paths for a
relatively large number of received signals; and

decreasing the value of the variable number of survivor paths for a

relatively small number of received signals.

15. A communications system, comprising:

a transmitter having an encoder for trellis encoding a sequence of
symbols and transmitting the trellis encoded symbols over a communications
channel;

a receiver for receiving the trellis encoded symbols transmitted over the
communications channel and having a trellis decoder including electronic
circuitry for performing the steps of:

(a) developing a trellis structure of nodes and branches for decoding
a sequence of symbols received on the communications channel, each set of
nodes in the trellis corresponding to a fixed number of states representing
possible values of a received symbol at one time instant, each branch defining
a specific transition between nodes at different time instants and having an
associated branch weight, wherein a linkage of branches between nodes in the
trellis defines a path through the trellis that represents a possible symbol

sequence,
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a sequence of synbol s Teceirved—on the communi cati gnREPPACEMENT jet of

nodes in the trellis onding to a fixed nu r¢senting
possi bl e val ues of a r@Mﬁ l’ﬂm one tinme ijngtant, each br
defining a specific tr Mnodes of nddds BAtRER999 f

time instants and having an associ ét et bragch wei gh wherein a |

that represents a SS|(2 rbol uences a
quality of the contnic ?tPHH '%3% nt condition of the corgmuyicafip nnel
quality to a thre | d; _ WW of
survivor paths thf@ZQh ct’ tng'rntla qgga"ag@ﬂm?gﬁapﬁ‘?‘“ﬁébggﬁggre C gnnel

qual ity equalteellis, veherefrtithe Vadue of fdhihlecd/ariable numbeh of saitviver pathdidependsabl e
nunber of survivor paths to a small value | ess than the nunber of fixed
states in theon the eondition af the comrr\umcatloraﬁ system dgtesmined in step {bhand, glayt age

aurvi vor - pat rAOEira R KGR e G teRin A6 HeliSCaid MneibiniBRnaR otne, ,
i s | ess than ydiabldhafiber éf seRAvdrpaths R léé’é tifan the fixed number of states in the
trellis when the condition of the communication system satisfies a |
predetermined condition; and
(d) decoding the sequence of received symbols using the variable

number of survivor paths survivor paths.

16. The system in claim 15, wherein the condition is a quality of the
communications channel and the electronic circuitry detects the current quality
of the communications channel, selects a first value for the variable number of
survivor paths if the current quality of the communications channel is greater
than or equal to a threshold, and selects a second value for the variable
number of survivor paths greater than the first value if the current quality of the

communications channel is less than the threshold.

17.  The system in claim 15, wherein the electronic circuitry increases
the value of the variable number of survivor paths if the current condition is less
than a threshold, and decreases the value of the variable number of survivor
paths if the current condition is greater than or equal to the threshold.

18.  The system in claim 17, wherein after decreasing the value of the
variable number of survivor paths and the current quality of the channel drops
to less than the threshold, the electronic circuitry repeats steps (c) and (d) for
the received sequence of symbols using an increased value of the variable

number of survivor paths.

19.  The system in claim 18, wherein after increasing the value of the
variable number of survivor paths and the current quality of the channel
improves to greater than the threshold, the electronic circuitry maintains the
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of Mto a larger value and perforning one or nore 4t 8ERLACEMENT SHEES
decodi ng before returning to step (C)- 26. he nethod 1n

(e) further conprise g a preset n fe 8RS
trellis and perforni ?M"“H”l""!‘lﬁﬂﬂaa' g w t h an i ngr aseg %ue of [ the
vari abl e nunber of surwi wor tpawh * Th¢ m P6,
further conprising: after retraci ng checkl g Wnet her the curfent

h I li t th hol d

channel qual Mee & f8eriahinnimbet Af SdNBiod paflELst iR VALK Fif One or
predeterm ”egn béif érbﬂ@%f&r?e dét6H1 diwhe e'i‘% dB@féaI%b”fhEQ/aﬁJéI%e

pr edet er m ned nunter of stages of trellis™ecoding in a furt I ncr eased

val ue of t he vasrableohembenbksureivos pathsvor pat hs. 28. The nethod in
claim25, wherein if after setting the value for the variable nunber of

h h I Ly | I h I | i
ot or e 1o be @t e systominsTHioh 16, vierein pHeL h%%éq?r%%sﬂ%@p%lﬁ i ned
b f
nunber of L1 Slhbs enélbBorit iy Yol WeRdiuoY el Vorldio hlbei o 20! e

nunber of survivor’ pat arge va 29.

The net hod i Buplivempaths m\/eaccessn\tdaa?esvof/ﬁiw@elhs te atmiﬁrnuhwélae adhiledhet he
relatively large value of the variable nunber of survivor paths
current condition of the communications channel continues to equal or exceed

the threshold.

| fi m 25,
n]t he
t:

21. The system in claim 15, wherein the condition is a size of a
coding memory of an encoding scheme used to encode symbols to be |
transmitted, step (c) including adjusting the value of the variable number of
survivor paths to decode symbols encoded using an encoding scheme based

on the size of the coding memory.

22. The system in claim 15, wherein said electronic circuitry performs
additional tasks other than tasks related to performing steps (a)-(d) in time
share fashion, and wherein the condition is current data processing tasks to be
performed by the electronic circuitry, the electronic circuitry decreasing the
value of the variable number of survivor paths if a current number of the
additional other tasks to be performed is relatively large, and increasing the
value of the variable number of survivor paths if the current number of

additional other tasks to be performed is relatively small.

23. The system in claim 15, wherein the receiver includes a battery
for portable battery operation and the electronic circuitry performs additional
tasks other than tasks related to performing steps (a)-(d) and the condition is
current data processing tasks to be performed by the electronic circuitry, the
electronic circuitry decreasing the value of the variable number of survivor
paths if a current number of total tasks to be performed is relatively large to

decrease power required by the electronic circuitry, and increasing the value of
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di vided by 2 and a-mini-mm-value of the variable nu eRERIACEMENT WHEEP
30. The nethod in, (;Hi"m 25, wherein the current qualji fy—eft—ihe

communi cati ons chan based on a signdl jstrength of the
received signal. "cHmeHmnﬁm hod in claim25{ pher&iFkB 1H99 |
conmmuni cations channel is a f&di hg thanneksand the s{ghal strength
corresponds to an average faded signal strength of the received signal}
35 3 The, net hod in:.claim 2 rein the ; |
'e siotted adtechEebBndRber b SudvlhBdme ks eirenty
wi th differenjerRthiddCBTelfively dmaler | eaved into different slots on the
comuni cati ons channel beforé transm ssion, and wherein before step (a),
the nethod includes deinterleaving the received sequence of synbols.

24. The system in claim 15, further comprising plural transmitters,

wherein the receiver receives a number of signals including encoded
sequences of symbols transmitted from the plural transmitters on the
communications channel, wherein the condition is the number of signals;
increasing the value of the variable number of survivor paths for a first
number of received signals; and
decreasing the value of the variabie number of survivor paths for a

second number of received signals smaller than the first number.

25. In a communications system, a method for decoding encoded
symbols transmitted over a communications channel, comprising the steps of:

(a) developing a trellis structure of nodes and branches for decoding
a sequence of symbols received on the communications channel, each set of
nodes in the trellis corresponding to a fixed number of states representing
possible values of a received symbol at one time instant, each branch defining
a specific transition between nodes of nodes sets at different time instants and
having an associated branch weight, wherein a linkage of branches between
nodes in the trellis defines a path through the trellis that represents a possible
symbol sequence;

(b) determining a quality of the communications channel;

(c) comparing the channel quality to a threshold;

(d) determining a variable number of survivor paths through the
trellis,

(e) if the compared channel quality equals or exceeds the threshold,
setting the value of the variable nhumber of survivor paths to a small value less
than the number of fixed states in the trellis, and

H performing a trellis decoding stage of the sequence of received
symbols using only the smaller valué of survivor paths, and returning to step

(b) if the compared channel quality is less than the threshold, setting the value
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33. In a conmuni cations system a nethod for decodi gREPmeihﬁml gHgEercél ver
encoded synbols transmtted over a conmuni cati ons chgnn
recei ver having plu m ecei ving a trangnift
i ncluding a sequencel lm mlm }"H% corrprl sing trgqllfi

recei ved signal using actvatiablesn

where the '
Fecei ved si Rt ior ATaEvalie ehd RATEPEIREAPS of TR IS el
qual ity ther lexity of the trellis decodin rocedur e.
34. The net ﬁ%rléﬁgfgﬁgﬂﬂlté%fe[f@})her conpri si ng: det ectigng and
storing signals received fromeach of the pl ural antennas;

delt ertm ni ntgha chaaegl GheITemodndlde\&5 f(e)fm?&mhconmf@asa gnal ;
selectin e stor h
35 Thfegnﬁt ou | FERAGRGIA restpumber Shsages e el Sassfﬁgh&%'nﬁé‘ Re
val ue of the I ' f i

e of L NequRtuRE i Hf HicroRled Y é\b?"thé’g%m!’a nulSert$aRivorpans|

quality is g : an-or equa oathre i ncreasing the
val ue of the variable nunber of survivor paths if the highest.signal
quality is less tpZEN t Thetmethwddhalaim 26, furtBér conmpesingt hod i n cl ai m 34,

further conprisin selectlngaflrst val ue for th vari abl e nunber
of survivor pat hsaﬁarsetﬁammmmhaeklgﬁéﬁhetbegmClt{[%nw?‘?"ﬂ@ ity i les ﬁh’a
equal to a't eﬁgol anlqld sel ecting a second val ue for the vari abI e
nunber of su 'b%lg

if the current channel quality is less than the threshold after performing
the predetermined number of stages of trellis decoding, performing a next
predetermined number of stages of trellis decoding in a further increased value

of the variable number of survivor paths.

28. The method in claim 25, wherein if after setting the value for the
variable number of survivor paths to the re_Iativer large value, a current
channel quality is determined to be greater than or equal to the threshold for a
predetermined number of trellis decoding stages, settin_g a new value for the

variable number of survivor paths less than the relatively large value.

29. The method in claim 28, wherein the new value is set to the
larger of the relatively large value of the variable number of survivor paths
divided by 2 and a minimum value of the variable number of survivor paths.

30. The method in claim 25, wherein the current quality of the
communications channel is determined based on a signal strength of the

received signal.

31. The method in claim 25, wherein the communications channel is
a fading channel and the signal strength corresponds to an average faded

signal strength of the received signal.
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and branches for decoding the sequence of synbols recei jed on the
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survivor pat haeﬂjéﬁ/éaw{g 0 %%elved sequence of symbols.
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33. In a communications system, a method for decoding in a radio
receiver encoded symbols transmitted over a communications channel, the
radio receiver having plural antennas for receiving a transmitted signal
including a sequence of coded symbols, comprising trellis decoding the
received signal using a variable number of survivor paths of trellis survivor
paths that differs from a fixed number of states in the trellis where the variable
number of survivor paths is reduced by selecting a received signal from one of
the plural antennas having a highest signal quality thereby reducing the
complexity of the trellis decoding procedure.

34. The method in claim 33, further comprising:

detecting and storing signals received from each of the plural antennas;
determining a channel quality indicator for each stored signal;

selecting the stored signal with the highest channel quality indicator.

35. The method in claim 34, further comprising:

decreasing the value of the variable number of survivor paths if the
highest signal quality is greater than or equal to a threshold, and

increasing the value of the variable number of survivor paths if the
highest signal quality is less than the threshold.

36. The method in claim 34, further comprising:

selectihg a first value for the variable number of survivor paths if a
current highest signal quality is greater than or equal to a threshold, and

selecting a second value for the variable number of survivor paths
greater than the first value if the current highest signal quality is less than the
threshold.
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through the trellt+s—based on respective accumul at ed r each

trellis path. 39. A conmunieations system | cpnpri si ng: a
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and transmitting'th@ m#mﬂw d synbol s over ajcpmruni cations ch}annel;
and a receiver having pls antenngs for regerving transmtted
signal s including a sequence of trellis-encoded synhaols transmitted dver

h ' ' h I . l.li.s.d der .i ngl udi.ng. '
Crcortry that oreprte. abesnetod ib sl i, iR sibia Al ASRIRR e, of
trellis survigggecp f\'%\ssigﬁéltst%tﬁ’bﬂlﬁiré(céﬂf@d?%%ﬁéi?d nunber of states in the

y Vv t e

trellis and optinma rves vari abl e nu r of survivor paths by
sel ecting the received signal fromone of the plural antennas having a
hi ghest signal quaB8ty Themnelthod inickhimdd;festhercamptisingt rel | i s decodi ng

rocedure. 4Q. The conmuni ¢at. ons stemi,n clai.m 39 erein fhe
D oo hial ity is @) or AevEOPHEL Folls SHehiR of norPs Ggdibranchen iy decPding

signal . the'sequence of symbols received on the communications channel, each set of

>

nodes in the trellis representing possible values of a received symbol at one
time instant, each branch defining. a specific transition between nodes at
different time instants and having an associated branch weight, wherein a
linkage of branches between nodes in the trellis defines a path through the
trellis that represents a possible symbol sequence;

(b) accumulating for each trellis path an accumulated weight; and

(¢) determining the variable number of survivor paths survivor paths
through the trellis based on respective accumulated path weights for each
trellis path.

39. A communications system, comprising:

a transmitter having an encoder for trellis encoding a sequence of
symbols and transmitting the trellis encoded symbols over a communications
channel; and

a receiver having plural antennas for receiving transmitted signals
including a sequence of trellis-encoded symbols transmitted over the
communications channel and a trellis decoder including electronic circuitry that
trellis-decodes a received signal using a variable number of trellis survivor
paths that may differ from a fixed number of states in the trellis and optimally
varies the variable number of survivor paths by selecting the received signal
from one of the plural antennas having a highest signal quality to reduce the

complexity of the trellis decoding procedure.

40. The communications system in claim 39, wherein the signal quality .
is determined based on a signal strength of the received signal.
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received signals fromthe plural antennas to generate a conbi ned signal
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greater than or equal to a threshold, and increases the variable number of

survivor paths if the signal quality is less than the threshold.

43. In a communications system, a method for decoding in a receiver
encoded symbols transmitted over a communications channel, the receiver
having plural antennas for receiving a transmitted signal including a sequence
of coded symbols, comprising trellis decoding the received signal using a
variable number of trellis survivor paths where the variable number of survivor
paths is optimally varied by selectively weighting and then combining the
received signals from the plural antennas to generate a combined signal such
that a received signal having the best signal quality is the most heavily
weighted in the combination, wherein the use of the variable number of

survivor paths reduces the complexity of the trellis decoding procedure.

44, The method in claim 43, further comprising:

decreasing the value of the variable number of survivor paths if an
overall signal quality of the combined signal is greater than or equal to a
threshold, and

increasing the value of the variable number of survivor paths if the

highest signal quality is less than the threshold.

45. The method in claim 43, further comprising:

selecting a first value for the variable number of survivor paths if an
overall signal quality of the combined signal is greater than or equal to a
threshold, and
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46. In a communications system, a method comprising:

encoding a sequence of symbols;

separating portions of the sequence of encoded symbols in time or
frequency;

transmitting the separated portions;

receiving the separated portions and combining the separated portions
into the sequence of symbols; and

trellis decoding the received signal using a variable number of trellis
-survivor paths where the variable number of survivor paths used in the trellis

decoding is reduced as a result of the separating step.

47. The method in claim 46, wherein the separating step includes

separating the portions in both time and frequency.
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46. I n a conmuni cations system a nethod conprising: encodi ng a
sequence of synbol s; separating portions of the sequence of encoded
synbols in time or frequency; transmtting the separated portions;
receiving the separated portions and conbining the separated portions into
t he sequence of synbols; and trellis decoding the received signa
using a variable number of trellis survivor paths e the varlable nunber
of survivor paths used in the trellis g¢zoding is rﬁﬂq_-
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frequency.
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