1 IVULTI @&ﬁ_ VI TERBI DEC@ER%“C@?ﬂg S| ON MULT! RhErdefios4SYSTEM

APPLI CATI GROUND OF THE | I\I\/EN%O?, o ield of the Invention This
i nveht |eon';t rel'ates generally to syste gr de

di ng t-al-—dat a
streans: im a noi sy channel, and, nore.speqfically, iﬁ S%HQOH |'%ﬁdl
Viterbi ,decoder for séquential decdding at multipl el predditf@tbiibd dat'

s e ﬁ%@glmm]*mﬁ‘g‘%fﬁﬁ B ool on
cont i nuoys! yYCQDEDINASION MlHdB RE:AGGESS SYSTEM APPLICATIONS

i\

CROSS-REFEREN CES TO RELATED APPLICATIONS

This applicationi is related by subject matter to a copending patent
application entitled "Method And Ap;—)aratus For Determi}ﬁng Data Rate Of
Transmitted Variable Rate Date In A Communications Receiver" filed as
Patent Application Serial No. 08/079,196 on June 18, 1993, by Butler, et al and

10 assigned to the assignee hereof. This related application is incorporated
herein entirely by this reference.

BACKGROUND OF THE INVENTION

15 L Field of the Invention
This invention relates generally to systems for decoding serial digital
data streams in a noisy channel and, more specifically, to a convolutional
Viterbi decoder for sequential decoding at multiple predetermined data

rates.
20
IL Description of the Related Art

In the digital communications art, it is well-known that data may be
transmitted sequentially either continuously or in frames of a constant time
duration T, each frame embracing a fixed number of bits N limited to the

25 product of the sequential transmission rate and frame duration T. However,
in certain communication systems, it is desirable to transmit fewer than N
data during selected frames. One such system is a Code Division Multiple
Access (CDMA) communications system, which employs direct sequence

_ spectrum spreading techniques.

30 In U.S. Patent 5,103,459, assigned to the assignee hereof, Klein S.
Gilhousen, et al disclose such a CDMA system for cellular telephone
applications. Patent 5,103,459 is entirely incorporated herein by this
reference. In a CDMA system, system capacity is limited by the total
interference within the transmission frequency band. The total interference

35 includes the signals of other users, which consist primarily of vocoder data
(digitized voice). To reduce the user interference levels as much as possible,
the CDMA system disclosed by Gilhousen, et al employs variable-rate
vocoder data adapted for transmission in data frames of fixed time duration.
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original data symbols are repeated as necessary to fill the frame with N
5 symbols. Although repetition of the lower-rate data provides the same
interference levels as the full data rate at the same transmission power, the
redundant information within a frame permits the transmission power to
be reduced accordingly for equivalent “information power" or energy per
symbol. This technique reduces interference levels to increase system
10  capacity as much as permitted by vocoder redundancies. '
Alternatively to repetition of data at reduced power, lower-rate data
may be transmitted once only within a single frame without reducing
transmission power. This technique produces a full-power transmission
during a fraction of the frame and no transmission during the unused frame
15  portion. The data block to be transmitted in a frame may be merely placed at
the beginning of the frame or at another predetermined fixed position
within the frame. However, in a CDMA system with many users, a more
sophisticated block placement procedure is required to evenly distribute the
interference from many other users throughout the entire frame.
20 Unnecessary overlap in data transmission by many users would
unnecessarily increase system interference levels over the optimal average
level.
In U.S. Patent Application Serial No. 07/846,312, filed on March 5,
1992, entitled "Data Burst Randomizer", and assigned to the assignee hereof,
25 Gilhousen, et al disclose a sophisticated block placement procedure for
ensuring minimal interference levels over the full frame and this patent
application is entirely incorporated herein by this reference.
The exemplary CDMA system may also be understood with reference
to "PROPOSED EIA/TIA INTERIM STANDARD: WIDEBAND SPREAD
30 SPECTRUM DIGITAL CELLULAR SYSTEM DUAL-MODE MOBILE
STATION-BASE STATION COMPATIBILITY STANDARD", Qualcomm,
Inc., San Diego, California, April 21, 1992. This CDMA system standard
specifies five basic channel data modes for both forward and reverse link
traffic. There are three forward link modes and two reverse link modes.
35 Depending on the particular data channel mode, one of two different
convolutional coding algorithms is specified. Two are continuous modes
and three are packet modes wherein sequential data is organized into fixed
frame intervals. Three modes operate at only one of several predetermined
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the same This variety of data rates and channel modes presents a challenging
requirement for any single decoding apparatus. .The problem is made more
5 difficult by the real-time nature of serial decoding in a spread spectrum
channel. That is, a received signal must be detected, reassembled and
decoded in real-time. ‘There is no frame space available for conveying
information of the original vocoder data rate. There is little opportunity to
examine the received signal for several possible data rates and to decide
10  which particular rate should be decoded for each new frame. Also, it is
desirable to use the same decoding apparatus in all system channel modes to
avoid component proliferation. The CDMA system described in the above-
cited Gilhousen, et al patent employs orthogonal Pseudorandom Noise (PN)
coding, interleaving, Bi-Phase Shift Key (BPSK) modulation with
15 orthogonal covering of each BPSK symbol together with Quadrature Phase
Shift Key (QPSK) spreading of the covered symbols, and convolutional
encoding for error correction. Each of these many coding techniques
requires a certain amount of decoding activity at the receive side of each
channel mode. Accordingly, there is strong competition for the real-time
20 resources available to serially decode the convolutionally-encoded symbols
transmitted for error correction purposes.
Decoding techniques for convolutional codes are well-known in the
art and include the Viterbi algorithm for error correction introduced by A.J.
Viterbi ("Error Bounds For Convolutional Codes and an Asymptotically
25 Optimum Decoding Algorithm", IEEE Trans. Inform. Theory, Vol. IT-13,
No. 2, pp. 260-269, April 1967) and discussed by practitioners such as G.D.
Forney, Jr., ("The Viterbi Algorithm", Proc. of the IEEE, Vol. 16, pp. 268-278,
1973) and J.A. Heller, et al ("Viterbi Decoding for Satellite and Space
Communication”, IEEE Trans. Commun. Technol., Vol. IT-19, No. 5, pp.
30  835-848, Oct. 1971).
Practitioners have improved the Viterbi algorithm in response to

(digitized v0| r duce the user interference levels a A
possi bl e, Yf"ﬁ’egs %‘?ﬁﬂ& qdn US-A-5 103 459 errplﬁ,oys 4774
r

various special requirements. For instance, Hirosuke Yamamoto, et al
("Viterbi Decoding Algorithm for Convolutional Codes With Repeat
Request”, IEEE Trans. Inform. Theory, Vol. IT-26, No. 5, pp. 540-547, Sept.
35 1980) disclose a Viterbi decoding algorithm with a quality metric for repeat
request. Their system offers the same performance when a receiver can use
a feedback channel to request retransmission as does a convolutional code
having a longer constraint length without feedback. Yamamoto, et al add a
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COMVA sgstem wi i iRy, URE Sesh@d B! & al ("Generalized Viterbi Algorithms for
Error Detection With Convolutional Codes", GLOBECOM 89 Dallas, Texas,
pp- 1534-1538, Nov. 1989) present two generalized Viterbi algorithms with
useful application to speech encoded in frames of fixed duration. The high
correlation between adjacent speech frames permits the useful estimation of
10 frame contents from adjacent frames in situations where the frame contents
exhibit unacceptable error levels. Seshadri, et al show that very reliable
intraframe redundancy can be obtained by adding parity bits to the speech
data for error detection by a high rate outer cyclic block code. The
augmented frame is then encoded by an inner convolutional code and the
15  entire block is then modulated and transmitted over the noisy channel. The
inner generalized Viterbi decoder releases a predetermined number of
candidates for the decoded frame, only one of which should have the correct
parity information. If none have the correct parity and if the information
bits represent a frame of quantized speech, then inter-frame reestimation
20 can be performed or, if a return link is available, an automatic repeat request
made. Whenever the correct alternative is among the predetermined
number of candidates, a retransmission is avoided.
Unfortunately, the above disclosures neither teach nor suggest a real-
time decoding method for handling a series of frames having one of several
25 predetermined data transmission rates that may vary from frame to frame
without transmission of rate information. The related unresolved problems
and deficiencies are clearly felt in the art and are solved by this invention in
the manner described below.

30 SUMMARY OF THE INVENTION

This invention solves the above problem by providing a Serial

Viterbi Decoder (SVD) having specialized input and output buffers
implemented as a single Very Large Scale Integrated (VLSI) device. The

35 Viterbi procedure is employed to decode a synchronized and quantized code
symbol stream at all predetermined data rates for each frame in frame mode

and in continuous mode. Several quality metric outputs ("error metrics")

are provided to permit data rate determination. The preferred embodiment
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5 tranmitted rate information. The SVD of this invention accomplishes this
objective for each of a plurality of channel modes by making multiple passes
to decode each frame at each of all poEsible predetermine& data rates and by
providing “error metrics” to permit detection of the original data rate. Itis
an advantage of the SVD of this invention that it can decode at an unknown

10 one of a plurality of predetermined frame data rates provided that the
convolution code is known and the data packet mode (either frame or
continuous) is also known. ' It is yet another advantage of the SVD of this
invention that several "error metrics” are obtained for every decoded frame
at each hypothetical predetermined data rate for use in establishing the'

16 original data transmission rate.

The SVD of this invention provides one such error metric by
recoding the decoded output data stream comparing it with the incoming
code symbol stream to estimate the Serial Error Rate (SER) of the incoming
stream. The SVD of this invention may include other error metrics such as

20 Cyclic Redundancy Check (CRC) results and, Yamamoto Quality Metric
(YQM). The SER metric estimates errors in the received code symbols. The
CRC results detect bit errors in the original bit data. The YQM indicates that
estimated error conditions in the decoded frame exceed a predetermined
threshold. It is an advantage of the SVD of this invention that the receiver

25 - provides one or more of these "error metrics” as means for detecting
original data rate without receiving rate information from the transmitter.

It is another object of this invention to provide decoding in a single
SVD device for every necessary channel mode. The SVD of this invention
permits a single VLSI device o be used in both the forward and reverse link

30 channel modes of an exemplary CDMA system. For instance, a preferred
embodiment of this SVD produces a high decoding gain that approaches the
theoretical limit for rate 1/2 and 1/3 convolutional codes having constraint
length 9, wherein code symbol data are processed in frame packets of N=384
symbols (rate x 1/2) or N=576 symbols (1/3). Frame packets beginning and

35 ending in any fixed state or a continuous code symbol data stream may be
decoded with the SVD of this invention. For instance, in repeat mode, the
CDMA channels operate so that each symbol is repeated as necessary to fill
the frame and the repeated symbols are accumulated into a single symbol in

I-
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positioning technique described in the above-cited Gilhousen, et al patent
5 application. Using code rate options and repeat modes, the SVD of this
invention processes code symbol streams with any predetermined effective

data rate in either the forwarded repeat mode or reverse DBR mode.

It is yet another object of this invention to isolate the internal
decoding procedure from the external channel timing requirements. The

10 SVD of this invention accomplishes this by providing means for sending an
interrupt to the channel microprocessor and by providing an output buffer
to isolate the microprocessor from the system frame timing and to hold the
decoded data and quality metric data. The SVD of this invention also
includes an input buffer that allows code symbols either to be accepted into

15  the SVD continuously at the channel symbol rate or to be burst into the SVD
as frame packets. Specialized input and output buffers allow the SVD of this
invention to operate independently of external channel and microprocessor
timing. A flexible microprocessor interface allows the SVD to be used with a
variety of microprocessor systems.

20 The SVD of this invention includes five major elements as shown in
Fig. 5. The Input Buffer (IB) stores more than one frame of code symbol
data. In block mode, this permits the SVD to reprocess the data as many
times as necessary to identify the actual repeat or DBR mode data rate used
in the channel frame. The Viterbi Decoder (VD) accepts soft decision code

25 symbols from the IB and processes them in an Add-Compare-Select logic
known in the art. Decisions from the ACS process are stored in an internal
path memory within the VD. A chain-back process through this path
memory provides a single data bit for each code symbol set after tracing
backward in time through many decision.words. Each of these single data

30 bits together with quality metrics such as the Yamamoto Quality Metric
(YQM) are stored in the Qutput Buffer (OB), which is the third element of
the SVD of this invention. In frame packet mode, the code symbols are
decoded for four different rates and the four resulting decoded data packets
(including quality information) are stored in the OB and held for about half

35 of the fixed frame time duration to allow the microprocessor to read them.
The fourth element is a Control Block (CB) that generates all internal timing
signals necessary for operation of the SVD of this invention. This internal
timing is derived from the CDMA system clock and an external decoder
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specification, claims and the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

10 .

For a more complete understanding of this invention, reference is
now made to the following detailed description of the embodiments as
illustrated in the accompanying drawing, wherein:

Fig. 1 is a functional block diagram of the CDMA mobile receiver;

15 Fig. 2 is a functional block diagram of the CDMA cell-site channel card

receiver;

Fig. 3, comprising Figs. 3A-3E is a specification of five CDMA channel
types; . 3
Fig. 4 is a specification of the normal CDMA mode set-up parameters;
20 Fig. 5 is a functional block diagram of the Serial Viterbi Decoder (SVD)

of this invention;
Fig. 6, comprising Figs. 6A-6B, illustrates the theoretical operation of a
Viterbi decoder;
Fig. 7 is a functional block diagram of the Input Buffer (IB) of this
25 invention;
Fig. 8 is a Data Burst Randomizer (DBR) symbol selection specification
for the CDMA system;
Fig. 9 is a functional block diagram of the Viterbi Decoder (VD)
element of this invention;
30 Fig. 10 is a functional block diagram of the Output Buffer (OB) of this
invention; and
Fig. 11 is a functional block diagram of the Yamamoto Quality Metric
(YQM) logic of this invention.

35 DESCRIPTION OF THE PREFERRED EMBODIMENTS

The CDMA System Decoding Problem
For the purposes of discussion and description herein, this invention
is described within the context of the exemplary CDMA mobile
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other systems employing other well-known transmission modulation
techniques such as Time-Division Multiple Access (TDMA) may also
employ this invention. As described in the above-cited Gilhousen, et al
patent, the exemplary CDMA mobile communications system embodiment

10 presents a number of demanding requirements for decoding apparatus and
procedures that, until now, could not be effectively met with a single
decoder design known in the art. These requirements are now briefly set
forth for exemplary purposes as follows. -

Fig. 1 shows a block diagram of a mobile receiver modem design for

15 the CDMA system. The Serial Viterbi Decoder (SVD) 20 of this invention is
shown in relationship with the other elements of mobile modem 22. In
operation, radio frequency signals are received at the RF receiver 24 and
demodulated in the demodulator 26 with the participation of the analog
processor 28 and under the control of a central processing unit (CPU) 30.

20 The demodulated data stream is deinterleaved by an interleaver 32, which
providés a serial symbol stream at the SVD input 34. Synchronization,
timing and clock signals are forwarded to SVD 20 on the appropriate signal
lines. SVD 20 is coupled to a microprocessor bus 36 for communication with
the vocoder 38, which reconstructs the speech signals that have been

25 decoded by SVD 20.

Fig. 2 shows the same SVD 20 as it relates to the cell-site receiver
modem channel card logic 40. The CPU 42, the interleaver 44 and the
demodulators 46 are functionally similar the their counterparts in Fig. 1. As
in Fig. 1, SVD 20 accepts a serial code symbol stream on decoder input 34 and

30 produces a parallel data stream at microprocessor bus 36 for transfer to other
elements (not shown) of logic 40.

For the CDMA system disclosed in the above-cited Gilhousen, et al
patent, SVD 20 must operate in any of five basic channel modes to provide
all required decoding for both forward and reverse link data. These modes

" 385 are described in Fig. 3A-3E. The forward link from cell-site to mobile user
employs the three modes shown in Figs. 3A-3C (sync, paging and traffic).
The reverse link from mobile user to cell-site employs the two modes
shown in Figs. 3D-3E (access and traffic).
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annel that is convolutionally encoded at rate 1/2 (constraint length K=9)

and each code symbol is repeated once. The data are transmitted at 4800

5 modulation symbols per second and SVD 20 receives a superframe
containing 384 modulation symbols every 80 milliseconds. Thus, SVD 20

can be preset to a fixed 1200 bps rate for this channel. The original bit data

are encoded as a continuous stream without Cyclical Redundancy Check

(CRC) codes at frame boundaries. The equivalent original bit data rate is

10 1200bps. |

Fig. 3B describes the forward paging channel modulation parameters
by way of e:'cample.' Paging channel data are decoded from a channel that is
convolutionally encoded at rate 1/2 (K=9) and each code symbol is
transmitted either one, two or four times, depending on the original bit data

15 rate. The original bit data rate for this channel is preset and does not vary
from frame to frame. Thus, SVD 20 can be preset to a fixed original bit data
rate for this channel. The data are transmitted at 19,200 symbols per second
and SVD 20 receives a frame containing 384 modulation symbols every 20
milliseconds. The data are encoded as a continuous stream without CRC

20 codes at frame boundaries.

Fig. 3C provides the forward traffic channel modulation parameters
by way of example. Forward link traffic channel data are decoded from a
channel that is convolutionally encoded at rate 1/2 (K=9) and each code
symbol is transmitted up to eight times, depending on the original bit data

25 rate selected for each frame by the originating vocoder. The original bit data
rate can change from frame to frame under originating vocoder control and
SVD 20 must decode at all possible rates for every frame because this data
rate cannot be preset. The data are transmitted at 19,200 modulation symbols
per second (sps) and SVD 20 receives a new frame of 384 modulation

30 -symbols every 20 milliseconds. The data are encoded as packets that begin
and end in the zero state ("0" bits added at the end of each frame before
encoding) and a CRC code is expected at the end of each packet of 96 original
bits and 192 original bits. No CRC code is expected with shorter (48 and 24
bit) packets because space limitations make a CRC too expensive.

35 Fig. 3D describes the reverse traffic channel modulation parameters by
way of example. Reverse link traffic channel data are decoded from a
channel that is convolutionally encoded at rate 1/3 (K=9). Each code symbol
is repeated up to seven times (making eight occurrences) but only one of




4 si ngl y b|t to the decoder output that signifie al
I f bad, "%9%3§ gt tr eSIéascBJaeml&plﬁeemuested They denonst?g@sgﬂgq’g%

ordi nary Viterbi alg
et al ("Ceneralized Viter

BBl TR i Bl B

rellab|I|ty functlon mwg rlthmls asynptotically t\M_c.e.,.Lgat of the
[

Convol uti
present t

repeat request | SHEET HYS BEEN
thngl%?or Error TH@ o cpy th

ity".

beshadri |

1989)

speech enderdemined by afmduﬁnfnmnblexdtai@hlfwm fieclabt 4w ditsrefl thiei PN doelencen

adj acent
adj acent

T S T o S e AR et abl e

error | evatiginatimghuocdderadatal ragh for eactt frame. 1SMD 24 must mmultaneously

5

10

16

20

25

30

35

decode at all rates for each frame because the original bit data rate can be
changed from frame to frame by the originating vocoder. Although SVD 20
does not know the original bit data Tate for a particular frame, the burst
timing for each frame of repeated symbols is available from the last few bits
of the PN code for the preceding frame. The data are transmitted at 28,800
code symbols per second and SVD 20 receives a frame containing 576
potential code symbols every 20 milliseconds. The data are encoded as
packets that begin and end in the zero state because of the "0" bits added at
the end of each packet. A CRC code is expected at the end of each packet of
96 original bits and 192 original bits (just before the "0" bit sequence).
Frames containing fewer than 96 original bits omit the CRC code to save
space. ' '

Fig. 3E provides the reverse link access channel modulation
parameters by way of example. Reverse link access channel data are decoded
from a channel that is convolutionally encoded at a rate 1/3 (K=9) and each
code symbol is transmitted twice. The original bit data rate is fixed at 4800
bps and the SVD 20 for this channel can be preset to operate at this single
fixed rate. The data are transmitted at 28,800 code symbols per second and
SVD 20 receives a frame containing 576 code symbols every 20 milliseconds.
The data are encoded as packets that begin and end in the zero state ("0" bits
added to the end of each packet) but no CRC codes are provided.

The SVD of this invention is suitable for each of the five exemplary
channel descriptions prov1ded in F1g 3 because of its capacities for
continuous multirate decoding, for switching from continuous to packet
mode and for switching between (1/2 to 1/3) convolutional coding rates.
More importantly, the SVD of this invention can decode either forward or
reverse traffic channel data. This forward and reverse traffic channel
distinction can be better appreciated with reference to the above-cited
Gilhousen, et al patent and patent application.

Fig. 4 provides a table summariiing the control signal functions
necessary to the SVD of this invention for each of the five exemplary
channels discussed above in connection with Fig. 3. Note that the forward
paging and sync channels original bit data rates are fixed.

|
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single frame to allow later determination of the correct repeat or Data Burst .
Randomizer (DBR) mode data rate for the frame. The Viterbi Decoder
(VD) 50 accepts the soft decision symbols from IB 48 on a 7-bit symbuf bus 52.
These code symbols are processed by Add-Compare-Select (ACS) logic and
10 the results are stored as state metrics in internal Random Access Memory
(RAM). Decisions from the ACS process are stored into an internal path
memory. A chain-back process through this path memory identifies a single
output data bit for each code symbol group after tracing backward in time
through 64 levels of decision words to ensure that the path has merged with
15  the most likely global path. These output data bits together with Quality
Metric (QM) information are stored in the Output Buffer (OB) 54 through
the data line 56. After completion of the decoding by VD 50, OB 54 retains
the decoded data bits for access by the microprocessor interface 58 on the -
decdata bus 60. In packet mode, the code symbols are decoded at four
20 different original bit data rates and the four resulting output data packets are
stored in OB 54 together with the associated QM data. This arrangement
allows the microprocessor (not shown) about 10 milliseconds to read the
data in OB 54. SVD 20 is initialized and controlled through microprocessor
interface 58 and the controller 62, which generates all necessary internal
25 timing for SVD 20. The timing is derived from the system clock and a
decoder synchronization strobe (not shown).

The Viterbi Decoding Algorithm
The general theory of operation of a Viterbi decoder is well-known in
30 the art and can be appreciated by referring to one of the above-cited
references. This theory is now briefly described to facilitate appreciation of
this invention.
A convolutional encoder transforms a sequence of original data bits
(the input bit stream) into a sequence of code symbols (the output symbol
35 stream). For each input bit, there are a number of output code symbols that
are determined by this input bit and the previous (K-1) input bits, where K is
the constraint length of the encoder. The number of code symbols created
for each bit symbol is determined by the encoding rate; that is, for example,
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for the preferred embodiment of the SVD of this invention. The actual

codes, (GO, G1) or (GO, G1l, G2), are chosen from simulations of
nonsystematic codes made to determine the codes with the best error

properties in the mobile environment. The preferred convolutional codes

10 used in the exemplary CDMA system discussed above are; for the forward
link, GO = 0753g and G1 = 0561g; and, for the reverse link, G0 = 0557g,
G1 = 0663g and G2 = 0711g. These convolutional codes provide a minimum

tinme decqgl sxmhssd thod 0 Ng. 3. Series of frames havi %%43677§everal
predeterm ned data t E S that may vary fromfranme to fra
al

free Hamming distance of 12 for the 1/2 coding rate and a minimum free
Hamming distance of 18 for the 1/3 coding rate.

15 The Viterbi decoder algorithm operates by finding the most likely
decoding sequences for an input code symbol stream. First, the state metrics
or weights of the relative probabilities for each of the possible paths are
calculated. The most likely transitions into each state are saved in a path
memory for all states and then the decoder traces or chains backward in time

20 through the most likely sequence to choose each output bit. The primary
steps in this process are branch metric generation, state metric generation
and chainback path decision. The performance of a decoder for a particular
constraint length and rate is determined by three parameters: the step size
and number of quantization levels of the input code symbols, the state

25 mefric normalization procedure, and the effective chainback depth of the

path memory.
The branch metrics are the cost functmns corresponding to the

logarithm of the transition probabilities that each possible bit transition has
generated the given soft decision input code symbols. The sign and
30 magnitude information in the soft decisions is scaled and combined to
produce each branch metric. For rate 1/2, there are four possible metrics.
For rate 1/3, there are eight and, for an arbitrary rate 1/n, there are 2t
possible metrics. The equations used to calculate and scale the branch
metrics are selected for the best decoder performance on the target channel
35 using experience and simulation. These equations are implemented in the
SVD logic of this invention. Metric inputs are scaled by the symbol metric
values stored in the Symbol Metric Table (SMT) within VD 50. An
“erasure" level causes the code symbol to be ignored in the branch metric
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channel code symbols that are part of a "hidden” data or control channel.
Since the erased code symbol does not contribute to the metric value, a
5 reasonable erasure rate has no significant effect on decoding performance.
The convolutional codes can generate an infinite sequence of code
symbols but certain properties of the codes make it possible to reduce the
number of symbol sequences. The first property is that only the best (most
probable) path into a state is of interest because any global path through a
10 state must follow the best local path. The second property is that the
convolutional code structure is repetitive and has a symmetrical code tree.
The code sequences therefore must merge into equivalent sequences
generated by a finite number of unique bit stream patterns. For a given
" constraint length, K, there will be 2K-1 possible data bit patterns
15 (denominated herein as "states") that must be evaluated to locate the most
likely global path. '

Fig. 6 shows a typical trellis diagram representation of the merging
sequences or paths for an exemplary K=3 (1/2) code based on G0 = 5g and
G1 =7g. The symbols required for transitioning between states are shown on

20 the diagram. For each state, a state metric (not shown) is calculated
representing the relative probability of following a path through that state.
The state metric calculation is performed by an Add-Compare-Select (ACS)
process. The state metric for each of the possible states preceding a present
state is Added to the branch metric for the transition from that previous
25 state to the present state. The sums are Compared and the most likely
transition, represented by the smallest sum, is Selected and assigned to the
present state as the state metric. The decision bit from each ACS is the value
of the least significant bit (the oldest bit) for the previous state from which
the selected transition originates. The decisions for all states in a column of
30 the trellis becomes a path memory word.
Since the first and last terms in the generator polynomials (GO and
G1) are unity, the hypothesis (i, j) for the transmitted symbols (c0, c1) on the
two paths entering or leaving any state are binary compliments. These ACS
state relationships are displayed graphically in the butterfly diagram of
35 Fig. 6B. Of course, in a noiseless channel, the code symbol values (c0, c1) are
error-free and the state metrics are either zero or saturated at maximum
value, with the zero state metric representing a state on the most likely
global path.
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error metrpessibleCPaRies is then assigned as the new Ox state metric value. This
process is repeated for the 1x state and for all other states in that trellis
column. A new column is created for each new set of code symbols
corresponding to a single original bit. The difference between each pair of
state metrics is compared to a predetermined Quality Threshold (QT) to yield
10 a Yamamoto Quality Metric (YOM) or "gbit" for the new state in the manner
suggested by Yamamoto, et al in the above-cited paper and as described

herein below in connection with Fig. 12.

Once the matrix of local ACS decisions is stored in the path memory,

the chainback process follows a path back through this matrix. Chainback

15  starts at a "best state” reported by the ACS array and then uses the decision at
that state (bit address) in path memory word to determine the previous best
(most probable) state. The chainback is run through at least five or six
constraint lengths of decisions to ensure that the path being followed has
merged with the most likely global path. For a constraint length of 9, a

20 chainback path depth of 63 states is sufficient. The last decision at the end of
the chainback is accepted as the best decision for that output bit from the
Viterbi decoder. For each subsequent original data bit, a new decision word
and new best state are generated by the ACS array and the chainback process
is repeated back from the new trellis column through the same path length.

25 Thus, each new bit symbol steps the 64-state chainback window in path
memory forward by one trellis column.

In the exemplary frame specification discussed above in connection
with Fig. 3, for all modes of operation where the data is packetized the
encoding is started and ended at the all "zero" state by inserting a tail of eight

30 "0" bits at the end of the data. In multirate decoding, the SVD forces the
decision bits input to path memory during the first eight trellis columns of
each frame to be zero. This ensures that the selected path for each frame
starts and ends in the all "zero" state for all possible data rates.

35 Input Buffer (IB) Descriptioh
The following functional description of SVD 20 of this invention

relies on these exemplary definitions for various processing cycles.
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approaches the Process Cycle: This is the time to process one original data bit '
through chainback and is equivalent to 128 + 3 calculation cycles, -

which are required to completely process 64 branch metrics through

ACS logic 106.

10 Block Cycle: ‘This is the processing time for one of the four
possible frame packet sizes and is equivalent to either 192, 96, 48 or 24
process cycles.

Buffer Cycle: This is the time to process all four possible packet -

rates for a frame and to perform final chainback flush and clean-up
15 'operations in VD 50. This is equivalent to 432 process cycles

(192 + 96 + 48 + 24 + 72). '

Frame: This is the time window reqmred to send all code
symbols in a packet and is normally equal to 20 milliseconds except
for the sync channel, where three 26.67 millisecond frames are

20 accumulated to form a single 80 millisecond super-frame.

Fig. 7 provides a schematic block diagram illustrating the preferred
embodiment of the Input Buffer (IB) 48 of this invention. IB 48 receives
code symbols on decoder input line 34 and presents these code symbols
selected and accumulated for all possible predetermined vocoder data rates

25 on symbuf bus 52. As shown in Fig. 4, IB 48 operates in repeat mode for the
' forward link channels and in either repeaf mode or Data Burst Random
(DBR) mode for the reverse link channels. In repeat mode, IB 48
accumulates code symbols to present them on symbuf bus 52 at an
accumulated symbol rate of 1/2, 1/4 and 1/8 the input code symbol rate

30 following initial full-rate presentation. In DBR mode, IB 48 selects code
symbols for bursting in the 1/2, 1/4 and 1/8 data block sizes located in the
frame according to a randomized code word extracted from the last few bits

of the PN sequence in the preceding frame following initial full-frame block
bursting. Code symbol inputs on decoder input line 34 are the same for both

35 1B modes. Code symbol bits are strobed in by the DECSTB line 64 and, when
IB 48 has received enough code symbols to keep up with the VD 50 decoding
process, a ready strobe signal is sent to VD 50 on the INBUFRDY line 66.
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single sy the SVD of this invention to reduce bit rate and
power . In the Theedeeoder mode is controlled by a mode control word on a

DECMODE bus 68, which includes several control bits affecting operation of _
5 1B 48. The various IB 48 operating modes can be appreciated by referring to ' \
Fig. 4. Several of the signals on DECMODE bus 68 also determine the timing \
for the strobe signal on inbufrdy line 66 to VD 50. - One of these bits '
determines the code symbol boundaries for each of the four different packet
sizes corresponding to the four alternate original bit data rates described

10 above in connection with Fig. 3. Another of the bits on DECMODE bus 68
determines whether the repeated code symbols are accumulated by IB 48
before being presented to symbuf bus 52 or merely selected according to a
DBR position code. '

Each input cycle for SVD 20 begins with a strobe signal on the

15 DECSYNC line 70. The strobe on DECSYNC line 70 occurs at least 15
internal clock (CHIPXS) cycles before the strobe on DECSTB line 64 for the
first coding symbol of the packet to allow time for initialization of IB 48.
After each strobe on line 70, IB 48 expects to have either 384 or 576 code

, symbols strobed into a buffer 72 by DECSTB line 64. The convolutional code

20 rate (Fig. 4) determines whether 384 (=2x192) or 576 (=3x192) code symbols
are expected. Code symbol bits on decoder input 34 are continuously clocked
in serially, from Most Significant Bit (MSB) to Least Significant Bit (LSB), by
the internal CHIPX8 clock (not shown). The LSB of each symbol is marked
by -a strobe on DECSTB line 64 and the entire code symbol is latched into a

25 parallel symbol register 74 thereby. If the code symbols come from a
convolutional deinterleaver, the input symbols are clocked in by DECSTB
line 64 at the rate of 384 symbols per frame. If operating in a reverse link
channel, the code symbols come from a block deinterleaver and the input
code symbols are burst into IB 48 at up to the maximum input rate (one code

30 symbol every seven internal CHIPXS clock cycles). The maximum burst rate
is limited by arbitration logic (not shown) that permits code symbols to be
read from buffer 72 as it is being filled. The buffer control logic 76 generates
the signal on INBUFRDY line 66 to inform controller 62 when output on
symbuf bus 52 may begin.

35 A two-bit "psize" counter (not shown) in buffer control 76 is reset by
the INBUFRDY strobe on line 66. The contents of the psize counter
represents the packet size for the code symbol at symbuf bus 52, which may
be 24, 48, 96 or 192 original bits. The strobe on line 66 starts the operation of
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the write address of the repeat buffer 78 are reset. The first code symbol in
buffer 72 is then prefetched and latched onto symbuf bus 52. The read
address pointer for buffer 72 is then incremented and the next code symbol is
fetched and latched onto bus 52 responsive to a strobe on symstb line 80.
The IB read strobe on synistb line 80 is limited to one read cycle for every
seven internal CHIPX8 clock cycles to allow time for the interleaving of

- reading and writing operations for buffer 72. The number of code symbols to

15

be read for the current frame is dictated by the signals on DECMODE bus 68.
After code symbols representing 192 original data bits are read from buffer 72
for the first packet, the 96, 48 and 24 bit packets are then read from repeat
buffer 78 according to the select and accumulate logic 82. The read and write
addresses for repeat buffer 78 are reset and the psize counter (not shown) in

‘buffer control 76 is incremented after reading the last code symbol of each

20

25

30

35

packet. The psize counter content determines the address of the code word
fetched from buffer 72 or repeat buffer 78 and also controls select and
accumulate logic 82 to present the proper code symbol to symbuf bus 52. The
read address pointer for repeat buffer 78 is incremented after each read
whenever the psize counter is non-zero. The write pointer for repeat buffer
78 is incremented by one after every other read from either buffer 72 or
repeat buffer 78. Code symbols are output from IB 50 in the same sequence
without regard to the SVD 20 operating mode but VD 50 ignores the unused
packets when operating at a fixed repeat rate in a continuous mode.

As the code symbols are read from buffer 72 in repeat mode, each pair
of code symbols is added together by logic 82 and stored into repeat buffer 78.
The accumulator is reset to zero when INBUFRDY line 66 is strobed and
after the sum for each pair is written into repeat buffer 78. As the code
symbols are read from repeat buffer 78, they also are added in pairs and
written back into repeat buffer 78. This same operation is repeated on each
symbol pair from the 192, 96 and 48 symbol packets. The 7-bit word length in
repeat buffer 78 allows storage without truncation of the sum of up to 8 such
code symbols. When operating in DBR mode, the accumulated code symbol
feedback into the accumulator in logic 82 is forced to zero so that the output
from logic 82 is the symbol input from buffer 72. The write to repeat buffer
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The forward link sync channel uses 26.67 millisecond frames of 128
symbols and these symbols are sent as a continuous stream at a constant 4800
symbols per second. IB 48 accepts three deinterleaver Sync frames in 80
milliseconds to make up  one decoder packet having 384 symbols, but only
10  one strobe on decsync line 70 is required from the deinterleaver for this
“superframe”. Each sync channel code symbol is repeated twice and the 80
millisecond frames on this 1200 BPS channel are decoded as 96-bit packets
with a symbol repetition factor of two. The sync channel operates in
continuous mode but the output data is delayed by 71 bits because of delays
15  through SVD 20. The first bit in each packet is the twenty-sixth bit of the
' 26.67 millisecond sync packet received 6 packets previous to the current
packet. These timing details are handled by controller 62 and
microprocessor interface 58 (Fig. 5).
In the reverse link channels, 576 symbol frames may be burst into
20 1B 48 at up to the chip rate, which is one-eighth of the internal CHIPX8 clock
rate. The code symbols are written sequentially into buffer 72, which may be
considered as a 32 row by 18 column array. The code symbols are read and
written by column. That is, the code symbols are read from buffer 72 in the
same order in which they were written. When the sixth symbol of a packet
25 has been received, IB 48 may then begin sending VD 50 a triplet of code
symbols (representing a single original data bit) during every process cycle
until the full packet has been processed. After reset and after the end of each
buffer cycle, the DBR-selected bits on decoder input 34 are continuously
clocked by the internal clock into a DBR code register (not shown). The
30 fourteen bits ending with DBR-13 at the strobe on DECSYNC line 70 are
latched as the DBRCODE word for the next buffer cycle. These DBRCODE
bits, DBR-0 to DBR-13, are used to select code symbols to be written to repeat
buffer 78 from the full rate symbols sent to VD 50 over bus 52. Once the full
packet has been processed, the half-sized packet remaining in repeat buffer
35 78 is then processed similarly. As the code symbols for the half-sized packet
sent to VD 50 over bus 52, those symbols selected by the DBRCODE are
rewritten into repeat buffer as a fourth-size packet. The fourth-size and
subsequent eighth-size packets are similarly processed.
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slots as the first 36 code symbols. The code symbols are transmitted by row
but the deinterleaver sends them to SVD 20 by column. Since the transmit
DBR algorithm skips rows in the interleaver, the fractional rates effectively
have fewer rows. For the DBR 1/4 rate, buffer 72 contains only eight rows of
10  data and noise symbols in the remainder of the rows. In contrast to reverse
link traffic, the reverse link access channel (Fig. 3E) operates in repeat mode
at a 1/3 convolution code rate with code symbols repeated twice to provide
about 2.5 dB gain over the reverse traffic channel. The transmit DBR
algorithm can be better appreciated with reference to the above-cxted
15  Gilhousen, et al patent application.
In addition to the functional logic 111ustrated in Fig. 7, IB 48 also
contains test logic to permit a self-test verification of function.

. The Viterbi Decoder (VD) Element of this Invention
20 Fig. 9 provides the functional block diagram for VD 50, which
processes the code symbols arriving on bus 52 from IB 48. VD 50 outputs a
decoded bit stream on rdata line 56 together with quality information. These
functions are performed in the six submodules shown in Fig. 9. Two bits
from DECMODE bus 68 control VD 50 operation on a DECRATE line 84 and
25 a PACKET line 86. The data table stored in Symbol Metric Table (SMT) 88 is
a programmable lookup table that converts the 7-bit code symbols on bus 52
to the proper 4-bit scale for correct operation of the branch metric logic 90.
SMT 88 provides flexibility needed to handle different operating modes.
The control information to VD 50 is normally set at the beginning of a
30 packet processing call and is not changed during traffic reception. The
DECRATE signal on line 84 determines how many code symbols are
included in the branch metric calculation and the PACKET signal on line 86
causes the state metric values to be cleared at the beginning of each packet.
The contents of SMT 88 are used to convert the 4, 5, 6 and 7-bit input code
35 symbols on bus 52 into scaled four-bit output code symbols for branch metric
logic 90 on an internal SMTSYM bus 92. These conversions include the
necessary compensation for the doubling, quadrupling and octupling of the
code symbols accumulated in IB 48 for the lower data rate packets. Each code
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| SMT 88 stores a separate datum for each of the four rates in both repeat and
DBR modes.

5 For each packet, VD 50 keeps track of a quality bit representing the
Yamamoto Quality Metric (YQM). The quality bit for the best state (zero by
definition) of the last process cycle of each packet size is stored in a YQM
register 93 and is used later in determining the original data transmission

timng i s derived fromthe CDVA system cl ock and an exter
synchr onVoIpPEE8 st rdbsSQt?ejwm[BcenﬂaﬁacSA/D of this invention P@mg?ﬁﬁgﬂ’zed and

rate.
10 A Symbol Error Rate (SER) logic 94 compares the input i and j symbol
hard decisions with c0 and c1 values from re-encoded output data to create a
SER byte for each packet on the SERROR bus 96. The value on bus 96 is
saturated at 255 and is also used later in determining the original data
transmission rate.
15 SMT 88 consists of a random-access memory (RAM) and load control
logic to multiplex a write address and write strobes to the RAM. The 7-bit
| input symbol on SYMBUF bus 52 is used for the LSBs of the address for a 4-
bit data value that becomes the output symbol at SMTSYM bus 92. The psize
value on psize bus 98 forms the two MSBs of the RAM address and can
20 select different conversions for the different packets to compensate for the
accumulation sums introduced by IB 48.
The branches of the trellis (Fig. 6A) upon which the Viterbi decoder
operates are labeled by the pairs (c(, ¢1) for rate 1/2 code and by the triplets
(cg. c1. ¢p) for rate 1/3 convolutional code. Thus, before any ACS operation,
25 the proper branch metrics for each of the two possible values for (cy, c) or
the three possible values (cg, c1, ¢o) for rate 1/2 and 1/3, respectively, must be
computed. These branch metrics are computed according to Eqn. 1 below.
For instance, during each calculation cycle, branch metric logic 90 generates a
new pair of metrics Ry;y on a BMETRIC bus 100. These are calculated from
30 the input symbol (12, r1, 10) on SMTSYM bus 92 and the hypotheses for the
transmitted symbol (c2, c1, c0) on the hyp bus 102 from the timing control

logic 104.

Rijk = 2[(" 23D e (4*r +2%y +rx0)] (Eqn 1]
ik
35
where: c, is the i, j or k hypothesis on bus 102 for the target ACS state, ry3 is

the sign of each code symbol on bus 92, and (ry9, y1, Iyg) are the three LSBs
of each symbol metric on SMTSYM bus 92.
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logic 90. The two (or three) code symbols of mput mformatlon are
transformed for decoding rate 1/2 (or 1/3) to provide four-bit branch metric
pairs on bus 100. The third symbol on bus 92 is forced to zero if DECRATE
line 84 specifies a convolutional coding rate of 1/2. The branch metric pairs
on bus 100 are presented to a Add-Compare-Select (ACS) logic 106, wherein
one of the two branch metrics is selected during each ACS calculation cycle.
For each hypothesis about the input data, the 4-bit branch metric on bus 100
is calculated according to Eqn. 1. A 4-bit branch metric is also generated for
the complement of the hypothesis. In this formula, if the code symbol sign
matches the hypothesis, the magnitude of the code symbol is added to the
)k metric; otherwise, zero is added to the metnc The rate 1/2 branch
metric values are expected to range from zero to 14 and the rate 1/3 branch
metrics are expected to range from zero to 15. The ACS logic branch metric
adder saturates at 15.
Symbol metrics on bus 92 from SMT 88 into branch metric logic 90 are
expressed in a sign-magnitude format and erasures are determined by the

symbol value according to the following exemplary lookup table.
Rate 1/3 Symbol Metrics Rate 1/2 Symbol Metrics
Strongest One 0101

Strongest One
Weakest One 0001 |

0001

Weakest One
Erasure 0000 Erasure 0000
1000 1000

1001

Erasure
Weakest Zero

Erasure
Weakest Zero

25

30

Strongest Zero

Strongest Zero

If symbol metrics outside the expected range for rate 1/3 overflow the
adders, the branch metrics on bus 100 saturate at 15 (11115).

The ACS logic 106 processes the input branch metrics on bus 100
during every calculation cycle for which it is enabled. A pair of ACS logic
blocks 108 process the 4-bit branch metrics on bus 100 and the five-bit state
metrics from the state RAM 110 to produce a pair of decision bits on an
internal bus 112 and a new pair of state metrics on another internal bus 114.
The decision bits on bus 112, which are the LSBs of the best previous state
into each of ACS pair 108, are shifted into an 8-bit output latch 116. The 8-bit

SUBSTITUTE SHEET (RULE 26)
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During the first process cycle for each packet, the metric for the zero
state is set to zero and all other metrics are set to their saturation value as
5 they are read from state RAM 110. The decisions on bus 118 and the best
states on bus 122 are forced to zero in the packet mode for the first eight
process cycles of each frame. The néw state metrics, the smallest sums of
prior state metric and linking branch metric, are written back into state RAM
110 at a location calculated by shifting the current state from MSB to LSB.
10  The zero hypothesis decision is chosen for equal metrics. The new metric
for state zero is written into the best state latch 124 at the beginning of each
process cycle. All other new state metrics in the current process cycle are
compared against the current best state in latch 124 and a smaller metric
replaces the current best state metric in latch 24. The best state metric from
15  the previous process cycle is subtracted from each state metric as it is read
from state RAM 110 during the current process cycle. ACS logic 106
continues to accumulate and normalize metrics until all four code symbol

packets are processed. _
A Yamamoto Quality Metric (YQM) or "gbit" is attached to each state
20 metric. The YQM bit for initial state zero is set "good" or true (0) and all
other YQM bits are set "bad" or false (1) during the first IB process cyéle. The
YOQM bit is set false (1) for each new state metric calculated by ACS logic 106 if
the YQM bit for the selected previous state metric was false or if the metric
difference in the ACS calculation is less than or equal to the predetermined
25 Quality Threshold (QT) value spec1f1ed in a quality threshold reglster (see
MUX 216 in Fig. 11).

An important element of this invention is the set of "error metrics"
produced during decoding, including three types of quality information. For
the several data rate hypotheses (e.g., 9600, 4800, etc.), SVD 20 creates one or

30 more independent quality metric elements. These include the Cyclic
‘Redundancy Check (CRC) results, the Symbol Error Rate (SER) and the
Yamamoto Quality Metric (YQM). The YQM is also denominated herein as
"qbit". Some error metrics are omitted at lower data rates. The CRC and
SER metrics are well-known in the art. The YQM metric can be understood .

35 with reference to the above-cited Yamamoto, et al paper and the discussion
below in connection with Fig. 11. The error metrics are used to select the
most-probable original transmission data rate using the method disclosed in
the above-cited Butler, et al patent application.
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stored in OB 54. The frame data for each hypothesis includes the three
quality metric elements. The CRC element is discussed herein below in
connection with Fig. 10. The SER element is discussed herein below in

5 connection with SER 140 in Fig. 9. Fig. 11 shows a block diagram of a portion
of ACS pair 108 (Fig. 9) that creates the YQM bit.

Returning to Fig. 6B, the branch metric from state x0 to state 0x is
added to the x0 state metric to determine the first of two possible Ox state
metrics. The second possible Ox state metric is found by adding the branch

10 metric from state x1 to the x1 state metric value. The least of these two
possible values is then assigned ‘as the new 0x state metric value. This
process is repeated for the 1x state and for all other states in that trellis
column. The YOM bit is a label showing that the difference between the two
Ox state metric values is less than a predetermined Quality Threshold (QT)

15  or, that it follows another state which was less than the predetermined QT.
In Fig. 11, the LSB of the ACS0x0 state is provided on line 210 and the YQM
bit of the ACS0x1 state is provided on line 212. A QT threshold value -
group 214 is provided on a plurality of 4-bit buses to a multiplexer MUX 216.
The psize bus 218 selects one of the QT group 214, depending on the current

20 transmission data rate hypothesis. An important element of this invention
is that each of the quality thresholds (QTs) in group 214 are programmable
and can be adjusted individually or together to accommodate for different
operating modes. Since different rate hypothesis may have different QTs,
MUX 216 switches between alternative QT members of group 214.

25 Continuing with Fig. 11, the difference between the two ACS state
metrics is computed and provided on bus 220 to a four-way XOR-gate 222.
The decision bit on line 224 is used to select the most probable of the two
metrics in multiplexer MUX 226 and to enable METODIF on bus 220. The
output on line 228 from MUX 226 represents the state metric bit selected

30 from buses 210 and 212. Output line 228 is ORed with the output of the
comparator 230 on line 232 to produce the YOM bit on line 234. Comparator
230 compares the selected QT from group 214 with the state metric difference
on bus 220 (after adjusting for sign in XOR-gate 222). YQM bit 234 is
forwarded to YQM register 93 (Fig. 9). '

35 The YQM bit is produced in this manner for the current state in the
Viterbi trellis (Fig. 6A). The YOM procedure has the property that forces a
"bad" YQM bit in any one state of the Viterbi trellis to propagate forward
through the decision tree. YQM bit 234 is a label that indicates that the
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5 - "1". At the beginning of the decoding operation of any rate hypothesis, the
zero Viterbi trellis state is labeled with "good" YQM bits ("0"s) and all other
trellis states are labelled with "bad" YQM bits. At the end of the decoding
procedure of the rate hypothesis, the frame is labeled either."good" or "bad"
-according to the YQM bit for the final zero state, which is stored in register 93
10 and output from ACS logic 106 (Fig. 9). Because each vocoder frame is
completed with a string of eight zeros (00000000), the decoder knows that the
correct final state for the frame is the zero state.
Chainback logic 120 contains a path memory 126 having 64 words of
256 decision bits each. Path memory 126 is read twice and then written once
15  during every four calculation cycles. Thus, chainback logic 120 is able to
write 256 bits irito a single path memory word and to read a bit from each of
64 such path memory words during every process cycle. Chainback logic 120
includes a multiplexer 128, an address generator 130 and a plurality of data
latches 132. Address generator 130 determines the address of the word to be
20 written and the first chainback read of a process cycle starts at the previous
write word.
The chainback process is accomplished by writing and reading path
memory 126 in a self-determining sequence. The eight LSBs of the read
address start with the best state on bus 122 for the latest decision word on bus
25 °'118. This bit address will be zero for the last word (because the best state
inputs are forced to zero) and for the first eight words of each block cycle
(because the decision and best state inputs are forced to zero therein). The
decision stored at the bit address for each word read is shifted into the read
address as the LSB for the bit address in the next read word. The eight LSBs
30 of the read address that form the bit address into the decision word are
rotated by one bit, to move the MSB (the eighth bit address) to the LSB
position. This rotation compensates for the ordering of the decisions by ACS
pair 108. Address generator 130 decrements the word address after each read
to chain back from the newest to the oldest decision word in path memory
35 126. The decision bit at the 637d read is the bit output on the internal bit line
134 to output data latches 132. Each frame is processed through 432 process
cycles, including 192 cycles for the full data rate, 96 cycles for the half data
rate, 48 cycles for the quarter data rate and 24 cycles for the eighth data rate.




operationg, frequen Si gnal s are received at the RF rgegbyanepa and

denodul at e B%letcm the participation of the anaI og
processor 28 and under a central proce ¥ it 30.
The denodul ated dat a st rl eaged by an i r1t3$§é el *ﬁ@, BWN ch
provi des a serial synbol stream at t e SVD i nput 34. jSynchRotiALaRi on,

109 200 1 00K BERRLBOILE JTRHGG T e i Rah AIERRETIDORAT Brstén)
t he vocoder @8} cmtumtouseuwdes,rm@ept forethephestistate gontrol tdeacnbed/ebgeen The
ol b site r oapet; s o HIRTAE, &b cRREEa HOp enbhek B A2 oh B2, e
44 and the deo?ut e[?%bg orel-are functional |l y simlar the their counterparts
inFig. & As Symbol Error Rate (SER) logic 94 re-encodes the output data stream on
rdata line 56 and compares the regenerated code symbols with the code
symbols received into SVD 20 on decode input line 34. The strobe on
SYMSTB line 80 clocks the sign bit r3 of each symbol metric on bus 92 into a
First-In-First-Out (FIFO) 136, which compensates for the pipeline and
10 chainback delays in VD 50. The encoder 138 and error counter 140 are reset
at the beginning of each frame preparatory to the clocking of each bit on
line 56 into a 9-bit shift register in encoder 138. The number of code symbols
that do not compare are counted in an 8-bit error counter 140, which
saturates at 255. The output from counter 140 is provided on SERROR
15  bus 96 to OB 54, where it is shifted and latched into the appropriate register.
Timing control logic 104 begins operation of VD 50 when it receives a
signal on INBUFRDY line 66 and then coordinates the timing between the
other elements of VD 50. Logic 104 originates two strobes (or three for
rate 1/3) on SYMSTB line 80 to clock the data through SMT 88 into branch
20 metric logic 90 and SER logic 94. During each calculation cycle, VD 50
processes the current original data bit symbol for one hypothesis on hyp
bus 102 with ACS pair 108. A process cycle includes 128 calculation cycles to
process each bit symbol for every ACS state. Because the convolution
encoder constraint length for this embodiment is nine, there are 29-1=256
25 states for every original data bit symbol (in each trellis column). A state
sequence counter in timing control logic 104 counts through the 256 states (2
per calculation cycle), presenting the count on the STATESEQ bus 142. Other
elements in timing control logic 104 encode the state register contents to
generate the hypotheses on hyp bus 102. Other control signals are presented
30 on ACSSTATE bus 144 to (a) idle the ACS processing and logic 106, (b) zero
the state metric inputs to ACS pair 108 during the first process cycle, (c) flag
the end of each process cycle so that the best state can be saved, and (d) enable
decision latch 116 for every calculation cycle.
Timing control logic 104 determines the read and write addresses for
35 path memory 126 and presents these on the address buses 146 and 148,
respectively. An 11-bit counter (not shown) within logic 104 is incremented
with each write to generate the write address for each decision byte on
bus 118. One of the 32 writes of decision bytes on bus 118 occurs every four
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required to load, shift and zero the LSBs of the read address on bus 146 are
5 produced from the timing within logic 104. This same timing also
determines a RSTB strobe signal on an RSTB line 150 for coordinating the
operations of chainback logic 120 and SER logic 94. Timing and control
logic 104 also generates timing signals for resetting and enabling error
counter 140 within SER 94.

10
The Output Buffer (OB) Of This Invention

Fig. 10 shows the functional block diagram illustrating the output
buffer (OB) 54. Decoded data on rdata bus 56 are converted to bytes in a
converter logic 152 and stored in a buffer 154. Converter 152 also checks the
15  packet CRC code in the usual manner. The packets and status bytes for the
packets are available to microprocessor interface 58 on DECDATA bus 60 for
about 10 milliseconds beginning with the issue of an interrupt to
microprocessor interface 58 on the INTD line 156. The results of a CRC
check on the packets is stored in a status register (not shown). The CRC

20 polynomials used by converter 152 depend on the packet size as follows:

24 bit
48 bit none
96 bit CRC x8+x7+x4+x3+x+1

192 bit CRC  x124x114x104x94x84+x4+x+1 "

The CRCs used are of the form g(x) = p(x)*(x+1) and known good
primitive polynomials, 211g (8914) and 5361g (AF11¢), are used for p(x).

25 The logic within converter 152 used for CRC checking is well-known
in the art and consists of a shift register tapped in accordance with the CRC
polynomial with the tap output accumulated through an XOR-gate.

When the frame has been processed four times in packet mode or
once in continuous mode and the data for all four rates has been written

SUBSTITUTE SHEET (RULE 26)
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line 156 occurs at a fixed delay with respect to input code symbol strobes on
5 line 64 (Fig. 7). In continuous mode, the fixed delay is dependent on actual
packet size. The INTD interrupt on line 156 is reset automatically after .
seven internal CHIPX8 clock cycles. “The microprocessoi (not shown) can
use this interrupt signal, or frame timing, to indicated when it should read
the output data. Buffer 154 contains sufficierit storage space for a full set of
10 packets, thereby allowing a frame time less processing time, about 10
milliseconds, for the output data to be read via microprocessor interface 58
(Fig. 5). The last eight bits of each packet are zero in packet mode because
SVD 20 is operating in a burst mode assuming the transmitting encoder was
preset and flushed to the zero state. A DECDATA register (not shown) in
15  buffer 154 is automatically updated with the next byte from buffer 154 after
each read. The data are prefetch to minimize the microprocessor wait time
for the next byte but the prefetch still requires at least four internal CHIPX8
clock cycles. If the microprocessor can read OB 54 faster than once every four
internal CHIPX8 clock cycles, then the microprocessor must test the
20 BYTERDY signal on the BYTERDY bus 158 to ensure that no output word is
read twice. The Quality information ("error metrics") included in the
output data can be used by the microprocessor to select the best packet from
among the four available in OB 54 in accordance with the method of the
above-cited Butler, et al patent application.
25 Converter 152 supplies a data byte to buffer 154 every 8 process cycles.
The data is transferred over an internal bus 160 to buffer 154 at the beginning
of the next process cycle. As each bit of data is received on line 56, it is
clocked into a CRC generator (not shown) within converter 152. This CRC
generator is reset to all ones at the beginning of each packet. At the end of 96
30 and 192 bit packets, the CRC remainder is checked and the CRC bit in the
STATUS register (not shown) is set if the remainder is all zeros. The read
data is prefetched before the interrupt on INTD line 156 is issued and after
each read. When the INTD interrupt is issued on line 156, the read address
pointer is set to address zero. The BYTERDY signal on line 158 is set to zero
35 after each read and held there until the new data byte is latched into the
DECDATA register (not shown) in buffer 154. OB 54 also contains test logic
to permit self-testing for proper function.
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but, in normal operation, they sequence through a fixed set of operations
responsive to the DECMODE signals on bus 68 and then return to an idle
state. The control signal sequence begins again after each decoder
synchronization strobe on line 70 (Fig. 7). A chain validation signal
10 indicating valid chainback data operates to enable the RSTB strobe on
line 150, which initializes data transfer to OB 54. Controller 62 and
microprocessor interface 58 contain the microprocessor control registers
necessary for proper operation, including the pin control and reset register.
Special self- testing logic is also included in these two elements.
15 The actual implementation of the internal modules for each of the
' above described elements of SVD 20 can be accomplished in any useful
manner known in the art but is preferably accomplished on a single
monolithic integrated circuit chip.
Although the teaching, examples, and embodiment of this description
20 presume serial processing to achieve the desired objectives, it will be
manifest to those skilled in the art that the decoder logic can be replicated
into multiple parallel decoders which operate concurrently to provide as
many outputs as there are data rates in a transmission system.
The invention may also be varied, for example, by using cyclic
25 redundancy codihg for as many data rates as system considerations demand.
Clearly, other embodiments and modifications of this invention will
occur readily to those of ordinary skill in the art in view of these teachings.
Therefore, this invention is to be limited only by the following claims,
which include all such embodiments and modifications when viewed in
30 conjunction with the above specification and accompanying drawing.

WE CLAIM:




channel that is convolutionally encoded at rate 1/2 (K=9) and each code
symbol is WaH#S ted up to eight times, depending on the oPFEURAIBI4 data
rate selected for each frame by the originating vocoder. The original bit
data rate can chahigshebtrRgpdeh 8RO frane gder originating vocoder control
and SVD 20 nust d ssible ratts for every frane because this
data rate cannot amgﬂgﬂuMMdata are transm tte@—gt—18,.200 nodul ation
symbol s per secon 20 r cCLABMS new IT"WeSBﬂ-'Bgf}gT@?mﬁation
synbol s every 20 milliseconds. The data are encoded{ as pdfkes ' h ""b'egi n

and end in the zero state ("o" bits added at the end of eaeH bef ore
encodi ng) and a CRC code methexhbeft providingedesndlast bitdatpaick gespoingcto a

or i 91 nal’ it sraathiddgn 8 BHEYymhidI Hath iRl sepfsdrts Eﬁ%ﬁ%l%fcit Wl h bRt £7
ete
4

(48 and bld% a Fate E évhbe?e ?(L: is onb data lrétrg SFEWS 52 didre plae rntu‘%%de&(ggem%i ve.
bit data rates, the method being executable using a decoder apparatus
including an input buffer, a decoder, and an output buffer, the method

6 including the steps of: '
receiving and storing successive portions of said transmission of said
8 code symbol data in said input buffer; '

- decoding any portion of said successive portions in said decoder into
10  two or more packets [P;] of decoded bit data, each packet P; including;:

decoded bit data I; corresponding to original bit data having
12 said data rate R;; and
quality metric data Q; representing symbol error conditions in

14 said any portion and data error conditions in said decoded bit data;
and

16 storing said two or more packets in said output buffer.
2. The method of Claim 1, wherein said decoder is a

2 convolutional decoder.

3. The method of Claim 1 further including, prior to said step of
2 receiving and storing:

transmitting said code symbol data in frames of predetermined time
4 duration. |

4. The method of Claim 3, wherein the transition between each

2 said successive frame of said code symbol data is forced to a predetermined
state.
5. The method of Claim 4, wherein said quality metric data Q;
2 representing data error conditions in each said frame of said decoded bit data
includes:
4 a Quality Metric (QM) representing the results of a comparison

between a predetermined Quality Threshold (QT) value and a measure of
6 the probability of decoding said zero state at said each transition between
successive frames of said decoded bit data. e
[3 *

I
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method further including the steps of
4 " recoding each of said at least two decoded bit data packets [P;]

according to said coding algorithm to create a packet of local code
6 symbol data (L;);

comparing said code symbol data with each of said at least two
8 local code symbol data packets [L;] to produce a qualitative measure

(Q;) of the number of differences there between; and
10 storing at least two qualitative measures {Ql} in said output

data buffer.

7. The method of Claim 4, wherein frames of data having a first
2  bit data rate include packets of encoded data bits, each packet including cyclic
redundancy check bits, the method comprising the additional unordered

4  steps of:
~ determining an error rate for said packets of data bits using said
6 “cyclic redundancy check bits;
producing a qualitative measure (Q;) indicating said error rate; l
8 and
storing at least two qualitative measures {Q;} in said output
10 buffer.

8. A multi-rate decoder for providing decoded bit data in response
2 to a transmission of code symbol data which represents original bit data
having a data rate R;, where R; is one data rate of two or more
4 predetermined original bit data rates, the multi-rate decoder comprising:
input buffer means for receiving and storing successive portions of
6 said transmission of said code symbol data;
decoder means coupled to said input buffer means for decoding any
B8 portion of said successive portions into two or more packets [P;] of decoded
bit data, each packet P; including;:

10 decoded bit datal; corresponding to original bit data having a
data rate Rj; and

12 quality metric data Q representing symbol quality conditions in
said code symbol data and data quality conditions in said decoded bit

14 data; and
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10.  The multi-rate decoder of Claim 9, wherein said code symbol
2 data represents a series of Nj copies of coded original bit data.

11. The multi-rate decoder of Claim 10, wherein the transition
2 between each said successive frame of said code symbol data is forced to a
predetermined state.

12.  The multi-rate decoder of Claim 10, further comprising:
2 quality metric means coupled to said decoder means for producing a
Yamamoto Quality Metric (YOM) representing the results of a comparison
4 Dbetween a predetermined Quality Threshold (QT) value and a measure of
the probability of decoding said zero state at said each transition between
6  successive frames of said decoded bit data.

13. In a communication system in which code symbol data
2 representing original bit data according to a first coding algorithm are
transmitted in one or more channels at one of a first plurality of
4 predetermined original bit data rates {R;}, either continuously in a first
mode or in frames of predetermined time duration in a second mode, each
6 said frame representing a first version and (Nj-1) repeated versions of coded
original bit data, a method for recovering said original bit data from said
8 code symbol data by creating decoded bit data corresponding to said first
. version of said original bit data, said method comprising the unordered
10 stepsof:
(a) receiving and storing at least one said frame of code symbol data in
12  an input data buffer;
(b) decoding said code symbol data to create a packet (P;) of said
14 decoded bit data corresponding to each of at least two of said first plurality of
predetermined original bit data rates {R;}; and
16 (c) storing said at least two decoded bit data packets {P;} in an output
data buffer.
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for symbol data (L;);

6 (e) comparing said code symbol data W1th each of sa1d at least two local
code symbol data packets {L;} to créate a qualitative mieasure (Q;) of the

8 number of differences therebetween; and |
(f) storing each of said at least two qualitative measures {Q;} in said

10  output data buffer.

15.  The method of Claim 14 wherein said sequential decoding step
2  (b) comprises the unordered steps of: |
(b.1) assigning at least one symbol metric value to each of said code
4 symbol data in accordance with a second coding algorithm;
 (b.2) assigning branch metric values representing the original data bit
6 transition probability corresponding to each said code symbol datum in
accordance with selected ones of said symbol metric values; '
8 (b.3) assigning state metric values representing the original data bit
transition probability corresponding to said code symbol datum in
10 accordance with the sum of the most probably preceding said state metric
value and said branch metric value therefrom;
12 (b-4) storing said state metric values in a path memory; and
(b.5) selecting the most probable value for each said original data bit in
14  accordance with the most probable said state metric value corresponding to a
decision path chain preceding the most probable said state metric value
16 corresponding to said each code symbol in said path memory.

16. The method of Claim 15 wherein said code symbol data are
2 transmitted continuously in said first mode at one of said original bit data

rates {R;}.

17.  The method of Claim 16 wherein said code symbol data
2 represents a series of Nj copies of each said coded original data bit.

18. The method of Claim 16 wherein code symbol data represent a
2 complete coded first original bit data version followed by a sequence of (N;-

1) repetitions of said complete coded first original bit data version.
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20. The method of Claim 14 wherein said code symbol data
2 represents a series of N; copies of each said coded original data bit.

21. The method of Claim 14 wherein code symbol data represent a

2 complete coded first original bit data version followed by a sequence of
(Nj-1) repetitions of said complete coded first original bit data version.

22.  The method of Claim 12 wherein said code symbol data are
2 fransmitted continuously in said first mode at one of said original bit data

rates {R;}.

23. The method of Claim 13 wherein said decoding step (b)
2 comprises the unordered steps of:
(b.1) assigning at least one symbol metric value to each of said code
4  symbol data in accordance with a second coding algorithm;
(b.2) assigning branch metric values representing the original data bit
6 transition probability corresponding to each said code symbol datum in
accordance with selected ones of said symbol metric values;
8 (b.3) assigning state metric values representing the original data bit
transition probability corresponding to said code symbol datum in
10  accordance with the sum of the most probably preceding said state metric
value and said branch metric value therefrom;
12 (b.4) storing said state metric values in a path memory; and
(b.5) selecting the most probable value for each said original data bit in
" 14  accordance with the most probable state metric value corresponding to a
decision path chain preceding the most probable said state metric value
16  corresponding to said each code symbol in said path memory.

24. The method of Claim 13 wherein said code symbol data
2 represents a series of Nj copies of each said coded original data bit.

25. The method of Claim 13 wherein code symbol data represent a

2 complete coded first original bit data version followed by a sequence of
(N;-1) repetitions of said complete coded first original bit data version.
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ra es ér con uglly in a first mode or in frames of predetermined
time duration in a second mode, each said frame representing a first version
and repeated versions of coded original bit data, wherein a multirate decoder
for creating decoded bit data corresponding to said first version of said coded
original bit data at an output, said multirate decoder comprising:

input buffer means for accepting and storing at least one said frame of
said code symbol data;

decoder means coupled to said input buffer means for creating a
packet (P;) of decoded bit data corresponding to each of at least two said

predetermined original bit data rates {R;} responsive to said code symbol
data; and

output buffer means coupled to said sequential decoder means for
storing said at least two packets {P;} of said decoded bit data. '

27.  The multirate decoder of Claim 26 further comprising:
symbol transfer means in said input buffer means for selecting a set (S;) of
said code symbol data corresponding to said first version of said coded
original bit data for each of at least two of said predetermined original bit
data rates {R;} and for transferring said set (S;) to said sequential decoder

means.

28. The multirate decoder of Claim 27 further comprising:
quality metric means in said decoder means for creating a quality measure
(Qj) for each said decoded bit data packet (P;), said quality measure (Q;)

representing the number of code symbol data errors associated with said
each decoded data bit packet (P;).

29. The multirate decoder of Claim 28 wherein said quality metric

means comprises:

data recoder means for recoding each of said at least two decoded bit
data packets {P;} according to said first coding algorithm to create a packet of
local code symbol data (L;); and

comparison means coupled to said data recoder means for comparing
each said local code symbol data packet (L;) with each said code symbol data
set (S;) and for counting the number of differences therebetween.
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6 for creating a pair of branch metric values representing the weighted
probability for an original data bit transition corresponding to said each code
8 symbol from said input buffer means, responsive to the corresponding said
symbol metric value;
10 decision path means coupled to said branch metric calculator means
for creating and storing a state metric decision value for each possible
12  original data bit transition corresponding to said each code symbol from said
input buffer means, responsive to the corresponding said branch metric
14 wvalues; and
path chain-back means coupled to said decision path means for
16 selecting the most probable decision path for each said original data bit
transition and for creating a corresponding said decoded data bit.

' 31.  The multirate decoder of Claim 30 embodied essentially in a
2 single monolithic integrated circuit.

32. The multirate decoder of Claim 31 wherein said code symbol
2 data represent a series of N sequential copies of each said coded original data

bit.

33. The multirate decoder of Claim 31 wherein said code symbol
2 data represent a complete coded first original bit data version followed by a
sequence of (Nj-1) repetitions of said complete coded first original bit data

4 version.

34. The multirate decoder of Claim 26 further comprising:

2 quality metric means in said decoder means for creating a quality
measure (Q;) for each said decoded bit data packet (P;), said quality measure

4 (Q; symbol data errors associated with said each decoded data bit packet (P;).

35. The multirate decoder of Claim 34 wherein said quality metric
2 means comprises:
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each said local code symbol data packet (L;) with each said code symbol data
8 set (S;) and for counting the number of differences therebetween.

36. The multirate decoder of Claim 35 wherein said code symbol
2 data represent a series of N; copies of each said original data bit.

37. The multirate decoder of Claim 35 wherein said code symbol

2 data represent a complete said first original bit data version followed by a
sequence of (Nj-1) repetitions of said complete first original bit data version.

38. The multirate decoder of Claim 26 wherein said code symbol
2 data represent a series of N; copies of each said original data bit.

39. The multirate decoder of Claim 26 wherein said code symbol

2 data represent a complete said first original bit data version followed by a
sequence of (Nj-1) repetitions of said complete first original bit data version.

40. The multirate decoder of Claim 26 wherein said decoder means
2 comprises: _ _
symbol metric means for assigning a symbol metric value to each said
4 code symbol in accordance with a second coding algorithm;
branch metric calculator means coupled to said symbol metric means
6 for creating a pair of branch metric values representing the weighted
probability for an original data bit transition corresponding to said each code
8 symbol from said input buffer means, responsive to the correspondmg said
symbol metric value;
10 decision path means coupled to said branch metric calculator means
for creating and storing a state metric decision value for each possible
12  original data bit transition corresponding to said each code symbol from said
input buffer means, responsive to the corresponding said branch metric
14 values; and
path chain-back means coupled to said decision path means for
16 selecting the most probable decision path for each said original data bit
transition and for creating a corresponding said decoded data bit.
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42. A multirate decoder for decoding code symbol data received at

2 aninput to yield decoded bit data at an output, where said code symbol data
represent original bit data according to a first coding algorithm, said code

4 symbol data being transmitted at a rate equivalent to one’of a first plurality

of predetermined original bit data rates {R;}, either continuously in a first

6 mode or in frames of predetermined time duration in a second mode, each

said frame representing a first version and (Nj-1) repeated versions of coded

8 original bit data, where N; and i are non-zero positive integers, said

multirate sequential decoder comprising:

10 input buffer means coupled to said input for accepting and storing at
least one said frame of said code symbol data;
12 decoder means coupled to said input buffer means for creating a

packet (P;) of said decoded bit data corresponding to each of at least two said
14  predetermined original bit data rates {R;} responsive to said code symbol
data; and

16 output buffer means coupled to said output and to said sequential
decoder means for storing said at least two decoded bit data packets {P;}.

43.  The multirate decoder of Claim 42 further comprising:
2 first selection means coupled to said input buffer means for selecting
one of a plurality of decoding modes each corresponding to a different said
4 first coding algorithm; and
second selection means coupled to said input buffer means for
6 selecting one of said first and second channel modes corresponding to
continuous and framed original bit data.

44,  The multirate decoder of Claim 43 further comprising:

2 symbol transfer means in said input buffer means for selecting a set
(S;) of said code symbol data corresponding to said first version of said

4 original bit data for each of at least two of said predetermined original bit
data rates {R;} and for transferring said set (S;) to said sequential decoder

6 means.

45. The multirate decoder of Claim 44 further comprising:
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2 means comprises:

. data recoder means for recoding each of said at least two decoded bit

4  data packets {P;} according to said first coding algorithm to create a packet of
local code symbol data (L;); and

6 comparison means coupled to said data recoder means for comparing
each said local code symbol data packet (L;) with each said code symbol data

8  set (S;) and for counting the number of differences therebetween.

47. The multirate decoder of Claim 46 wherein said decoder means
2  comprises: '
symbol metric means for assigning a symbol metric value to each said
4 code symbol in accordance with a second coding algorithm;
_ branch metric calculator means coupled to said symbol metric means
6 for creating a pair of branch metric values representing the weighted
probability for an original data bit transition corresponding to said each code
8 symbol from said input buffer means, responsive to the corresponding said
symbol metric value;
10 decision path means coupled to said branch metric calculator means
for creating and storing a state metric decision value for each possible
12 original data bit transition corresponding to said each code symbol from said
input buffer means, responsive to the corresponding said branch metric
14  values; and
path chain-back means coupled to said decision path means for
16  selecting the most probable decision path for each said original data bit
transition and for creating a corresponding said decoded data bit.

48. The multirate decoder of Claim 47 embodied essentially in a
2 single monolithic integrated circuit.

49. The multirate decoder of Claim 48 wherein said code symbol
2 data represent a series of N; copies of each said coded original data bit.

50. The multirate decoder of Claim 49 wherein said code symbol
2 data represent a complete coded first original bit data version followed by a
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to 2 quality metric means in said sequential decoder means for creating a
quality measure (Q;) for each said decoded bit data packet (P;), said quality
4 measure (Q;) symbol data errors associated with said each decoded data bit

packet (P;).

52.  The multirate decoder of Claim 51 wherein said quality metric
2 means comprises: '

data recoder means for recoding each of said at least two decoded bit
4  data packets {P;} according to said first coding algorithm to create a packet of

local code symbol data (L;); and
6 comparison means coupled to said data recoder means for comparing
each said local code symbol data packet (L;) with each said code symbol data
8 set (S;) and for counting the number of differences therebetween.

53. The multirate decoder of Claim 52 wherein said code symbol
2 data represent a series of Nj copies of each said original data bit.

54. The multirate decoder of Claim 52 wherein said code symbol

2 data represent a complete coded first original bit data version followed by a
sequence of (Nj-1) repetitions of said complete coded first original bit data

4 version.

55.  The multirate decoder of Claim 43 wherein said code symbol
2  data represent a series of N; copies of each said coded original data bit.

56. The multirate decoder of Claim 43 wherein said code symbol
2 data represent a complete coded first original bit data version followed by a
sequence of (Nj-1) repetitions of said complete coded first original bit data

4 version.

57.  The multirate decoder of Claim 43 wherein said decoder means
2 comprises:

symbol metric means for assigning a symbol metric value to each said
4  code symbol in accordance with a second coding algorithm;
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13 probability for an original data bit transition corresponding to said each code
8 symbol from said input buffer means, responsive to the corresponding said
' symbol metric value;
10 decision path means coupled to said branch metric calculator means
for creating and storing a state meétric decision valuée for each possible
12  original data bit transition corresponding to said each code symbol from said
input buffer means, responsive to the corresponding said branch metric
14  values; and
path chain-back means coupled to said decision path means for
16  selecting the most probable decision path for each said original data bit
transition and for creating a corresponding said decoded data bit.

58. The multirate decoder of Claim 43 embodied essentially in a
2 single monolithic integrated circuit.
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generated by a fini te nunber l.&Que bit stream patterns_ For ven
const r ai nYYOI%8/8R8K, Rhis 2[err] 1 possi bl e dat a"ST’PS%%‘t“?@r ns
(denoni nated herein a at nust be evaluated to | ocate the nost
l'i kely gl obal path F| ypi cal trellis diagramrepresentation of
the mer gi ng sequences or pat hs for an e | ary—-K=3.(1/2) code based on GO

= 5[err] and @ = 7[err]. The synbols rg}a | red THE SHEBINS$IASI BRENND bet veen
stat es are shown on the diagram For each sta1 e, a |$;t-at¢\aajretri ci (not shown)
is calculated repr ' of OV a path

through that gtatg The state netric calculation is perfonTed y an
Add- Conpar e- S¢fl ect| (ACS) process. The state netric for e&t ofy t he possible
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The decision bit fromeach ACS is

the val ue of "t'he l'east significant bit (the oldest bit) for the previous
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The deci sions for

(GO-and
TR HEE
76

nts.

is Selected a
(.

d synbol

e
| eavi ng any state are binary conpli
rel ati onshi ps are displayed graphically in the butterftydi agram of Fig.
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col um. um is created for each new set of code

correspoﬁ%é‘ﬁ%‘m?gJ a single original bit. The difference bef‘y\@%@é%’ﬁ‘pai r of
state netrics is conpared to a predeterm ned Quality Threshold (QI) to
yield a Yamanoto. Qual ity Metric (YQW or "qgbit" for the new state in the
manner - suggested b aRmiced et al in the above-cited paper and as

descri bed hemisiSheehed: Siiei onnection with Fig. 12. Once the matrix of | ocal
ACS deci si ons ‘\ ﬁ‘mm he paghygrenory, the chainback process follows a
pat h back thr Xx. Chal nback starts at a "best state" reported
by the ACS array and then uses the decision at that; stat (4 oaddiess) in
"path nmenory word to determne the previous best (nﬁ’g? ‘%’@Eﬁ%&@ite. The

chai nback is run through at |east five or six constrai MEPHGEE hs o
-decisions to ensure that the path being foll owed has
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mer ged Wiwdnod/dkgsgost |ikely global path. For a constraint deamgssnef49, a
chai nback path dept.h..of 63 states is sufficient. The last decision at the
end of the chainback is accepted as the best decision for that output bit
fromthe Viterbi d&#dhestHasBem Replakd subsequent original data bit, a new
deci sion word and n are generated by the ACS array and the
chai nback process i k fromt <(=1znew trellis colum through the
sane path length. Thus, each new bit synbdl “st eps—t-he-64-~st-at-e—chai nback
wi ndow in path nmenory forward by one trellis co| . SiiickTt HAS BE&hpl ary frame
specification discussed above in connection wth Fi g.REAGEY all jnodes of i

~operation where the data is packetized the encodimg Tsstartetand ended at
the all "zer®9tAgt@te by inserting a tail of eight "0" bits at the end of

-the data. In nultirate decoding, the SVD forces the .
' c0,c1=00 0 00 00 00

Co

10

01

1 e

ORIGINAL BIT
~—-90 {110} 01}10 1001‘__—STREAM

G1 =7

ci

FIG. 64
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deci si onghl §SpskggPut to path nmenory during the first eight gegbddsgome! ums
of each frane to be zero. This ensures that the selected path for each

frame starts and ends in the all "zero" state for all possible data rates.
| nput Buffer (.1B)---bBescription The follow ng functional description of SVD

20 of this invent.i N, pRsréhcddnese exenpl ary definitions for various
processi ng cycl e%s o CHI PX8 Gl,q%k: This is the main clock for
i nternal device %A \‘B‘ s preferably 9.8304MHz. Cal cul ati on Cycl e:
This is the tine ranch nmetric '
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and each pa 9s/0888spr evi ous state netrics through ACS pair '9 Fr? and
I's equivalent to two internal CHEPX8 cl ock cycles. Process sis
the"ine to process one original data bit through chai nback and S

equivalent to 128 + 3 calculation cycles, which are required to conpletely

process 64 branch-netri- cs through ACS |l ogic 106. Block Cycle: This is the
' si.zes. and is

processing he fo oss| bl e fr —packet—-

equi val ent ?ﬁsrﬁeet JSBQ % 48 ﬁ 4 proces ISEEET BUST BEENDYcl e Thi s
is the tine four possible packét ratBEFIfAGEDa frape and to
-performfi na ush and cl ean-up operatTons-T ' This is
equi valent to 432 process cycl es
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(192+96+4 2650 g&% Frame: This is the time w ndow required +I code
synbols in a packet and is nornmally equal to 20 mlliseconds except tor the
sync channel, where three 26.67 mllisecond franes are accunulated to form
a single 80- nrllrsecond super frame. Fig. 7 provides a schematic bl ock
diagramillustra n ref rred enbodi nent of the Input Buffer (I1B) 48
of this inventh ves code gyg%ols on decoder input |ine 34 and
presents these eIected an currul ated for all possible
predeternrned tes on synbuf bus 52. As shown in Fig. 4

48 operates in repeat nDde for the forward link c

repeat node or Data Burst Random (DBR) nobde for t e reﬂgf "HASHRERMN nnels

I n repeat node, |B 48 PLACED

DBR RATE DBR bit selected rows

DBR bit value -> 0 1

1/2 DBRO 0,1 2,3

1/2 DBR1 4.5 6,7

1/2 DBR2 8,9 10.11
1/2 DBR3 12,13 14,15
1/2 DBR4 16,17 18,19
1/2 DBRS 20,21 22,23
1/2 DBR6 24,25 26,27
1/2 DBR7 28,29 30,31
174 DBR8 DBRO DBR1
174 DBRY DBR2 DBR3
174 _DBR10 DBR4 DBRS
174 DBR11 DBR6 DBR7
1/8 DBRi12 DBRS DBRY
1/8 DBRiI3 DBR10 DBR11

FIG. 8
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accurul at 860 8308888 y x| esent them on synbuf bus 52 mul at ed
synbol rate of 1/2, 1/ 2 Side MtSRlacenyt  code symbol rateagf%l?'lﬁ‘gg\?mﬁ%"
initial full-rate presﬁm R node, 1B 48 sel ects code synbols for
bursting in the 1/2, 1/ a bl ock sizes |dcgigd:in-the frame
according to a randomi zed code word extragted fromthe T sttt e‘m;;bbmf t he
PN sequence in the preceding franme followmng initia I Bfﬁﬁmﬁ'ggbl 0CKj

S Thesame-tof both

bursting. Code sygbol, i nputs B decoder input line 34 are the™sa

| B nodes. Code sy 0I4 bits are\str@bed in by the DECSTB |ine 64 and, when

I B 48 has recCemvef—enoe, —shdicls-to.keep up wi.th the VD 50 decoding
VOS50 omtim

process, a réady $trgbe] signfl 15 §ent 1o F INBUFRDY'}I I ne 66.
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16 1B 48 tWé’n”s’é’ﬁ% i es code synbols in sequence on demand t ec¥fs®fiayer
synbuf bus 52. The decoder npde is controlled by a node control word on a
control bits. affecting operation of

DECMODE bus .68, whi ch..i.ncl udes sever al
| B 48. The various |IB 48 operating nodes can be appreciated by referring to

Fig. 4. Sever dbisghectizaB c&d on DECMODE bus 68 al so deternine the tining
for the strobe frdy line 6871 VD 50. One of these bits
undaries for each of the four different packet

determ nes the
sizes corresponding to the four alternate original bit data rates descri bed

above in connection with Fig. 3. Another of the bi t[SpAF DEEM VDS [égE?N %8
REPLAGED

54
DECDATA

uP_INTD
DMA_REQD

BYTERDY 198

PKTRDY

60

8
156
[

BUFFER
154
BUFFER
CONTROL

‘.

152
CONVERT
&
CRC

56
control signals

150

rstb
70

FIG.
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det er m nago\Whpidasr the repeated code symbols are accunul at 9§@§?Jﬁa§8to N

bef ore being presented to symbuf bus 52 or nerely sel ected

DBR position code. Each input cycle for SVD 20 begins with a strobe signal
on t he DECSYNC- %fﬂe 70 The strobe on DECSYNC line 70 occurs at |east 15

I nt er nal cIockTﬁ ﬂ | es beforg e strobe on DECSTB |line 64 for the
first coding sy et to aI owtine for initialization of IB
48. After each IH}* ‘ﬁﬁ | B 48 expects to have either 384 or 576
code synbol s st fer 72 by DECSTB line 64. The convol utiona
.code rate (Fig. 4) detern1nes whet her 384 (= 2xlgzz‘gy 576 (=3x192) code

synbol s are expected. Code synbol bit{s on decoder Jpput,-34—a+re._continuously
clocked in serially, fromMst Signif@cant Bit (MSB) t0-teadf Smn] ficant

‘Bit (LSB), by ~— NEPLACED
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the i nternal CH PX8 cl ock (not "shown). The LSB of—each-syrbet—is—mar ked by
strobe on DECSTBhleheet}ﬁélBémﬁe;ﬁaQ enti re code sy REQLACSVERE (ﬂﬂé@lTl nto a
paral | el synbol re | (, gw I f the code}s -s—~ee1=re~f—r]orr a
convol uti onal deint H |nput synbol s afeicl OCK@ iyl DECSTB
line 64 at the rate 0 s per frame. If oerga‘tlnglna eyerse

| ink channel, the code synbols cone frdma bl ockld —eaver—andit he
i nput code synbol s are burst into I B 48 at |t he maxi hum input irate

o coae oo VLY BAATE GERIAL VENERBE DEHCODER FORTE T o

Synbol &t CHDEDIVISIONMUITIPER ACCESTISYSTENIAPREICATIONSCE, |

logic 76 generates the signal on INBUFRDY line 66 to informcontroller 62
when output on SREHYS R¥FERERCESTO RELATED APPLICATIONS

This application is related by subject matter to a copending patent
application entitled "Method And Ap};aratus For Determining Data Rate Of
Transmitted Variable Rate Date In A Communications Receiver" filed as
Patent Application Serial No. 08/079,196 on June 18, 1993, by Butler, et al and
assigned to the assignee hereof. This related application is incorporated
herein entirely by this reference.

BACKGROUND OF THE INVENTION

L Field of the Invention

This invention relates generally to systems for decoding serial digital
data streams in a noisy channel and, more specifically, to a convolutional
Viterbi decoder for sequential decoding at multiple predetermined data
rates.

IL Description of the Related Art

In the digital communications art, it is well-known that data may be
transmitted sequentially either continuously or in frames of a constant time
duration T, each frame embracing a fixed number of bits N limited to the
product of the sequential transmission rate and frame duration T. However,
in certain communication systems, it is desirable to transmit fewer than N
data during selected frames. One such system is a Code Division Multiple
Access (CDMA) communications system, which employs direct sequence
spectrum spreading techniques.

In U.S. Patent 5,103,459, assigned to the assignee hereof, Klein S.
Gilhousen, et al disclose such a CDMA system for cellular telephone
applications. Patent 5,103,459 is entirely incorporated herein by this
reference. In a CDMA system, system capacity is limited by the total
interference within the transmission frequency band. The total interference
includes the signals of other users, which consist primarily of vocoder data
(digitized voice). To reduce the user interference levels as much as possible,
the CDMA system disclosed by Gilhousen, et al employs variable-rate
vocoder data adapted for transmission in data frames of fixed time duration.

THIS SHEET HAS BEEN |
REPLACED




A two-bit p5|zen, un er (not “shown) in buffer L,UIILIUI T6°TS _Leset by the
| NBUFRDY st robe o eIlRﬁbﬂeceaontents of thed PEPZACIGR SHEEED esent s
the packet size f rrbol at synbuf busf5Zy"whith ey be 24, 48,

96 or 192 origi na robe on line 66 stprgs, 1@ ¢eFr gtijon of
17 VD 50 and the nunber of co synbol Z‘Zthat stl be received Hy || B 48
before line 66 is activated is dictated by two jbi 'S 0f DECMODE bus 68 (see

Fig. 4). This 1:electabIeIN RDYlln 66 stro r’rihzation
of the processifitj $¥PER} vpgoder data rates, t n the

frame data to support transmission of data throughout the entire frame.
Thus, for a frame in which the full data rate is reduced, the fewer than N
original data symbols are repeated as necessary to fill the frame with N
symbols. Although repetition of the lower-rate data provides the same
interference levels as the full data rate at the same transmission power, the

' redundant information within a frame permits the transmission power to
be reduced accordingly for equivalent "information power” or energy per
symbol. This technique reduces interference levels to increase system
capacity as much as permitted by vocoder redundancies.

| Alternatively to repetition of data at reduced power, lower-rate data
may be transmitted once only within a single frame without reducing
transmission power. This technique produces a full-power transmission
during a fraction of the frame and no transmission during the unused frame
portion. The data block to be transmitted in a frame may be merely placed at
the beginning of the frame or at another predetermined fixed position
within the frame. However, in a CDMA system with many users, a more
sophisticated block placement procedure is required to evenly distribute the
interference from many other users throughout the entire frame.
Unnecessary overlap in data transmission by many users would
unnecessarily increase system interference levels over the optimal average
level.

In U.S. Patent Application Serial No. 07/846,312, filed on March 5,
1992, entitled "Data Burst Randomizer", and assigned to the assignee hereof,
Gilhousen, et al disclose a sophisticated block placement procedure for
ensuring minimal interference levels over the full frame and this patent
application is entirely incorporated herein by this reference.

The exemplary CDMA system may also be understood with reference
to "PROPOSED EIA/TIA INTERIM STANDARD: WIDEBAND SPREAD
SPECTRUM DIGITAL CELLULAR SYSTEM DUAL-MODE MOBILE
STATION-BASE STATION COMPATIBILITY STANDARD", Qualcomm,
Inc., San Diego, California, April 21, 1992. This CDMA system standard
specifies five basic channel data modes for both forward and reverse link
traffic. There are three forward link modes and two reverse link modes.
Depending on the particular data channel mode, one of two different

del ay al | ows, opti

convolutional coding algorithms is specified. Two are continuous modes
and three are packet modes wherein sequential data is organized into fixed
frame intervals. Three modes operate at only one of several predetermined
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read and wgidg; by the real-time nature of serial decoding in a spread spectrum
channel. That is, a received signal must be detected, reassembled and
decoded in real-time. There is no frame space available for conveying
information of the original vocoder data rate. There is little opportunity to
examine the received signal for several possible data rates and to decide
which particular rate should be decoded for each new frame. Also, it is
desirable to use the same decoding apparatus in all system channel modes to
avoid component proliferation. The CDMA system described in the above-
cited Gilhousen, et al patent employs orthogonal Pseudorandom Noise (PN)
coding, interleaving, Bi-Phase Shift Key (BPSK) modulation with
orthogonal covering of each BPSK symbol together with Quadrature Phase
Shift Key (QPSK) spreading of the covered symbols, and convolutional
encoding for error correction. Each of these many coding techniques
requires a certain amount of decoding activity at the receive side of each
channel mode. Accordingly, there is strong competition for the real-time
resources available to serially decode the convolutionally-encoded symbols
transmitted for error correction purposes.
Decoding techniques for convolutional codes are well-known in the
art and include the Viterbi algorithm for error correction introduced by A.J.
Viterbi ("Error Bounds For Convolutional Codes and an Asymptotically
Optimum Decoding Algorithm", IEEE Trans. Inform. Theory, Vol. IT-13,
No. 2, pp. 260-269, April 1967) and discussed by practitioners such as G.D.
Forney, Jr., ("The Viterbi Algorithm", Proc. of the IEEE, Vol. 16, pp. 268-278,
1973) and J.A. Heller, et al ("Viterbi Decoding for Satellite and Space
Communication”, IEEE Trans. Commun. Technol., Vol. IT-19, No. 5, pp.
835-848, Oct. 1971).
Practitioners have improved the Viterbi algorithm in response to
various special requirements. For instance, Hirosuke Yamamoto, et al
("Viterbi Decoding Algorithm for Convolutional Codes With Repeat
Request”, IEEE Trans. Inform. Theory, Vol. IT-26, No. 5, pp. 540-547, Sept.
1980) disclose a Viterbi decoding algorithm with a quality metric for repeat
request. Their system offers the same performance when a receiver can use
a feedback channel to request retransmission as does a convolutional code
having a longer constraint length without feedback. Yamamoto, et al add a
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Similarly, N. Seshadri, et al ("Generalized Viterbi Algorithms for
Error Detection With Convolutional Codes", GLOBECOM 89 Dallas, Texas,
pp. 1534-1538, Nov. 1989) present two generalized Viterbi algorithms with
useful application to speech encoded in frames of fixed duration. The high
correlation between adjacent speech frames permits the useful estimation of
frame contents from adjacent frames in situations where the frame contents
exhibit unacceptable error levels. Seshadri, et al show that very reliable
intraframe redundancy can be obtained by adding parity bits to the speech
data for error detection by a high rate outer cyclic block code. The
augmented frame is then encoded by an inner convolutional code and the
entire block is then modulated and transmitted over the noisy channel. The
inner generalized Viterbi decoder releases a predetermined number of
candidates for the decoded frame, only one of which should have the correct
parity information. If none have the correct parity and if the information
bits represent a frame of quantized speech, then inter-frame reestimation
can be performed or, if a return link is available, an automatic repeat request
made. Whenever the correct alternative is among the predetermined
number of candidates, a retrans_mission is avoided.

Unfortunately, the above disclosures neither teach nor suggest a real-
time decoding method for handling a series of frames having one of several
predetermined data transmission rates that may vary from frame to frame
without transmission of rate information. The related unresolved problems
and deficiencies are clearly felt in the art and are solved by this invention in
the manner described below.

SUMMARY OF THE INVENTION

This invention solves the above problem by providing a Serial
Viterbi Decoder (SVD) having specialized input and output buffers
implemented as a single Very Large Scale Integrated (VLSI) device. The
Viterbi procedure is employed to decode a synchronized and quantized code
symbol stream at all predetermined data rates for each frame in frame mode
and in continuous mode. Several quality metric outputs ("error metrics")
are provided to permit data rate determination. The preferred embodiment
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each frame at any one of a plurality of predetermined data rates without
tranmitted rate information. The SVD of this invention accomplishes this
objective for each of a plurality of channel modes by making multiple passes .
to decode each frame at each of all po;sible predeterm.ineél data rates and by
providing "error metrics" to permit detection of the original data rate. It is
an advantage of the SVD of this invention that it can decode at an unknown
one of a plurality of predetermined frame data rates provided that the
convolution code is known and the data packet mode (either frame or
continuous) is also known. It is yet another advantage of the SVD of this
invention that several "error metrics" are obtained for every decoded frame
at each hypothetical predetermined data rate for use in establishing the
original data transmission rate.

The SVD of this invention provides one such error metric by
recoding the decoded output data stream comparing it with the incoming
code symbol stream to estimate the Serial Error Rate (SER) of the incoming
stream. The SVD of this invention may include other error metrics such as
Cyclic Redundancy Check (CRC) results and, Yamamoto Quality Metric
(YQM). The SER metric estimates errors in the received code symbols. The
CRC results detect bit errors in the original bit data. The YOM indicates that
estimated error conditions in the decoded frame exceed a predetermined
threshold. It is an advantage of the SVD of this invention that the receiver

- provides one or more of these "error metrics" as means for detecting

original data rate without receiving rate information from the transmitter.
It is another object of this invention to provide decoding in a single
SVD device for every necessary channel mode. The SVD of this invention
- permiits a single VLSI device 4o be used in both the forward and reverse link
channel modes of an exemplary CDMA system. For instance, a preferred
embodiment of this SVD produces a high decoding gain that approaches the
theoretical limit for rate 1/2 and 1/3 convolutional codes having constraint
length 9, wherein code symbol data are processed in frame packets of N=384
symbols (rate x 1/2) or N=576 symbols (1/3). Frame packets beginning and
ending in any fixed state or a continuous code symbol data stream may be
decoded with the SVD of this invention. For instance, in repeat mode, the
CDMA channels operate so that each symbol is repeated as necessary to fill
the frame and the repeated symbols are accumulated into a single symbol in
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positioning technique described in the above-cited Gilhousen, et al patent
application. Using code rate options and repeat modes, the SVD of this
invention processes code symbol streams with any predetermined effective
data rate in either the forwarded repeat mode or reverse DBR mode.

It is yet another object of this invention to isolate the internal
decoding procedure from the external channel timing requirements. The
SVD of this invention accomplishes this by providing means for sending an
interrupt to the channel microprocessor and by providing an output buffer
to isolate the microprocessor from the system frame timing and to hold the
decoded data and quality metric data. The SVD of this invention also
includes an input buffer that allows code symbols either to be accepted into
the SVD continuously at the channel symbol rate or to be burst into the SVD
as frame packets. Specialized input and output buffers allow the SVD of this
invention to operate independently of external channel and microprocessor -
timing. A flexible microprocessor interface allows the SVD to be used with a
variety of microprocessor systems.

The SVD of this invention includes five major elements as shown in
Fig. 5. The Input Buffer (IB) stores more than one frame of code symbol
data. In block mode, this permits the SVD to reprocess the data as many
times as necessary to identify the actual repeat or DBR mode data rate used
in the channel frame. The Viterbi Decoder (VD) accepts soft decision code
symbols from the IB and processes them in an Add-Compare-Select logic
known in the art. Decisions from the ACS process are stored in an internal
path memory within the VD. A chain-back process through this path
memory provides a single data bit for each code symbol set after tracing
backward in time through many decision.words. Each of these single data
bits together with quality metrics such as the Yamamoto Quality Metric
(YQM) are stored in the Output Buffer (OB), which is the third element of
the SVD of this invention. In frame packet mode, the code symbols are
decoded for four different rates and the four resulting decoded data packets
(including quality information) are stored in the OB and held for about half
of the fixed frame time duration to allow the microprocessor to read them.
The fourth element is a Control Block (CB) that generates all internal timing
signals necessary for operation of the SVD of this invention. This internal
timing is derived from the CDMA system clock and an external decoder
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this invention, will become more apparent when refernng to the following
specification, claims and the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

For a more complete understanding of this invention, reference is
now made to the following detailed description of the embodiments as
illustrated in the accompanying drawing, wherein:

Fig. 1 is a functional block diagram of the CDMA mobile receiver;

Fig. 2 is a functional block diagram of the CDMA cell-site channel card
receiver;

Fig. 3, comprising Figs. 3A-3E is a specification of five CDMA channel
types; : 3
Fig. 4 is a specification of the normal CDMA mode set-up parameters;
Fig. 5 is a functional block diagram of the Serial Viterbi Decoder (SVD)
of this invention;

Fig. 6, comprising Figs. 6A-6B, illustrates the theoretical operat1on of a
Viterbi decoder;

Fig. 7 is a functional block diagram of the Input Buffer (IB) of this
invention;

Fig. 8 is a Data Burst Randomizer (DBR) symbol selection specification
for the CDMA system;

Fig. 9 is a functional block dxagram of the Viterbi Decoder (VD)
element of this invention;

Fig. 10 is a functional block diagram of the Output Buffer (OB) of this
invention; and

Fig. 11 is a functional block diagram of the Yamamoto Quality Metric
(YQM) logic of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The CDMA System Decoding Problem
For the purposes of discussion and description herein, this invention
is described within the context of the exemplary CDMA mobile
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repeat bugf@ange (PBX) or other useful telecommunications systems. Furthermore,
other systems employing other well-known transmission modulation
techniques such as Time-Division Multiple Access (TDMA) may also
employ this invention. As described in the above-cited Gilhousen, et al
patent, the exemplary CDMA mobile communications system embodiment
presents a number of demanding reqﬁirements for decoding apparatus and
procedures that, until now, could not be effectively met with a single
decoder design known in the art. These requirements are now briefly set
forth for exemplary purposes as follows.

Fig. 1 shows a block diagram of a mobile receiver modem design for
the CDMA system. The Serial Viterbi Decoder (SVD) 20 of this invention is
shown in relationship with the other elements of mobile modem 22. In
operation, radio frequency signals are received at the RF receiver 24 and
demodulated in the demodulator 26 with the participation of the analog
processor 28 and under the control of a central processing unit (CPU) 30.
The demodulated data stream is deinterleaved by an interleaver 32, which
provides a serial symbol stream at the SVD input 34. Synchronization,
timing and clock signals are forwarded to SVD 20 on the appropriate signal
lines. SVD 20 is coupled to a microprocessor bus 36 for communication with
the vocoder 38, which reconstructs the speech signals that have been
decoded by SVD 20.

Fig. 2 shows the same SVD 20 as it relates to the cell-site receiver
modem channel card logic 40. The CPU 42, the interleaver 44 and the
demodulators 46 are functionally similar the their counterparts in Fig. 1. As
in Fig. 1, SVD 20 accepts a serial code symbol stream on decoder input 34 and
produces a parallel data stream at microprocessor bus 36 for transfer to other
elements (not shown) of logic 40.

For the CDMA system disclosed in the above-cited Gilhousen, et al
patent, SVD 20 must operate in any of five basic channel modes to provide
all required decoding for both forward and reverse link data. These modes
are described in Fig. 3A-3E. The forward link from cell-site to mobile user
employs the three modes shown in Figs. 3A-3C (sync, paging and traffic).
The reverse link from mobile user to cell-site employs the two modes
shown in Figs. 3D-3E (access and traffic).
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parameters by way of example. Sync channel data are decoded from a
channel that is convolutionally encoded at rate 1/2 (constraint length K=9)
and each code symbol is repeated once. The data are transmitted at 4800
modulation symbols per second and SVD 20 receives a superframe
containing 384 modulation symbols every 80 milliseconds. Thus, SVD 20
can be preset to a fixed 1200 bps rate for this channel. The original bit data
are encoded as a continuous stream without Cyclical Redundancy Check
(CRC) codes at frame boundaries. The equivalent original bit data rate is
1200 bps.

Fig. 3B describes the forward paging channel modulation parameters
by way of example. Paging channel data are decoded from a channel that is
convolutionally encoded at rate 1/2 (K=9) and each code symbol is
transmitted either one, two or four times, depending on the original bit data
rate. The original bit data rate for this channel is preset and does not vary
from frame to frame. Thus, SVD 20 can be preset to a fixed original bit data
rate for this channel. The data are transmitted at 19,200 symbols per second
and SVD 20 receives a frame containing 384 modulation symbols every 20
milliseconds. The data are encoded as a continuous stream without CRC
codes at frame boundaries.

Fig. 3C provides the forward traffic channel modulation parameters
by way of example. Forward link traffic channel data are decoded from a
channel that is convolutionally encoded at rate 1/2 (K=9) and each code

~ symbol is transmitted up to eight times, depending on the original bit data
rate selected for each frame by the originating vocoder. The original bit data
rate can change from frame to frame under originating vocoder control and
SVD 20 must decode at all possible rates for every frame because this data
rate cannot be preset. The data are transmitted at 19,200 modulation symbols
per second (sps) and SVD 20 receives a new frame of 384 modulation
'symbols every 20 milliseconds. The data are encoded as packets that begin
and end in the zero state ("0" bits added at the end of each frame before
encoding) and a CRC code is expected at the end of each packet of 96 original
bits and 192 original bits. No CRC code is expected with shorter (48 and 24
bit) packets because space limitations make a CRC too expensive.

Fig. 3D describes the reverse traffic channel modulation parameters by
way of example. Reverse link traffic channel data are decoded from a
channel that is convolutionally encoded at rate 1/3 (K=9). Each code symbol
is repeated up to seven times (making eight occurrences) but only one of
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decode at all rates for each frame because the original bit data rate can be
changed from frame to frame by the originating vocoder. Although SVD 20
does not know the original bit data Tate for a particular frame, the burst
timing for each frame of repeated symbols is available from the last few bits
of the PN code for the preceding frame. The data are transmitted at 28,800
code symbols per second and SVD 20 receives a frame containing 576
potential code symbols every 20 milliseconds. The data are encoded as
packets that begin and end in the zero state because of the "0" bits added at
the end of each packet. A CRC code is expected at the end of each packet of
96 original bits and 192 original bits (just before the "0" bit sequence).
Frames containing fewer than 96 original bits omit the CRC code to save
space. '

Fig. 3E provides the reverse link access channel modulation
parameters by way of example. Reverse link access channel data are decoded
from a channel that is convolutionally encoded at a rate 1/3 (K=9) and each
code symbol is transmitted twice. The original bit data rate is fixed at 4800
bps and the SVD 20 for this channel can be preset to operate at this single
fixed rate. The data are transmitted at 28,800 code symbols per second and
SVD 20 receives a frame containing 576 code symbols every 20 milliseconds.
The data are encoded as packets that begin and end in the zero state ("0" bits
added to the end of each packet) but no CRC codes are provided. '

The SVD of this invention is suitable for each of the five exemplary
channel descriptions provided in Fig. 3 because of its capacities for
continuous multirate decoding, for switching from continuous to packet
mode and for switching between (1/2 to 1/3) convolutional coding rates.
More importantly, the SVD of this invention can decode either forward or .
reverse traffic channel data. This forward and reverse traffic channel
distinction can be better appreciated with reference to the above-cited
Gilhouser, et al patent and patent application.

Fig. 4 provides a table summarizing the control signal functions
necessary to the SVD of this invention for each of the five exemplary
channels discussed above in connection with Fig. 3. Note that the forward
paging and sync channels original bit data rates are fixed.
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1.5 frames of data, thereby allowing multiple decoding passes through a.
single frame to allow later determination of the correct repeat or Data Burst
Randomizer (DBR) mode data rate Tor the frame. The Viterbi Decoder
(VD) 50 accepts the soft decision symbols from IB 48 on a 7-bit symbuf bus 52.
These code symbols are processed by Add-Compare-Select (ACS) logic and
the results are stored as state metrics in internal Random Access Memory
(RAM). Decisions from the ACS process are stored into an internal path
memory. A chain-back process through this path memory identifies a single
output data bit for each code symbol group after tracing backward in time
through 64 levels of decision words to ensure that the path has merged with
the most likely global path. These output data bits together with Quality
Metric (QM) information are stored in the Output Buffer (OB) 54 through
the data line 56. After completion of the decoding by VD 50, OB 54 retains
the decoded data bits for access by the microprocessor interface 58 on the .-
decdata bus 60. In packet mode, the code symbols are decoded at four
different original bit data rates and the four resulting output data packets are
stored in OB 54 together with the associated QM data. This arrangement
allows the microprocessor (not shown) about 10 milliseconds to read the
data in OB 54. SVD 20 is initialized and controlled through microprocessor
interface 58 and the controller 62, which generates all necessary internal

J

timing for SVD 20. The timing is derived from the system clock and a
decoder synchronization strobe (not shown).

The Viterbi Decoding Algorithm

The general theory of operation of a Viterbi decoder is well-known in
the art and can be appreciated by referring to one of the above-cited
references. This theory is now briefly described to facilitate appreciation of
this invention.

A convolutional encoder transforms a sequence of original data bits
(the input bit stream) into a sequence of code symbols (the output symbol
stream). For each input bit, there are a number of output code symbols that
are determined by this input bit and the previous (K-1) input bits, where K is
the constraint length of the encoder. The number of code symbols created
for each bit symbol is determined by the encoding rate; that is, for example,
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code such as the rate 1/2 Gl code represented by the sequence
x8 + x6 + x5 + x4 + 1 (octal value 0561g). The number of bits in the
polynomial code is the same as the constraint léngth, which is fixed at nine
for the preferred embodiment of the SVD of this invention. The actual
codes, (G0, G1) or (GO, G1, G2j, are chosen from simulations of
nonsystematic codes made to determine the codes with the best error
properties in the mobile environment. The preferred convolutional codes

used in the exemplary CDMA system discussed above are; for the forward
link, G0 = 0753g and G1 = 0561g; and, for the reverse link, GO = 0557g,

G1 = 0663g and G2 = 0711g. These convolutional codes provide a minimum

free Hamming distance of 12 for the 1/2 coding rate and a minimum free
Hamming distance of 18 for the 1/3 coding rate.

The Viterbi decoder aigorithm operates by finding the most likely
decoding sequences for an input code symbol stream. First, the state metrics
or weights of the relative probabilities for each of the possible paths are
calculated. The most likely transitions into each state are saved in a path
memory for all states and then the decoder traces or chains backward in time
through the most likely sequence to choose each output bit. The primary
steps in this process are branch metric generation, state metric generation
and chainback path decision. The performance of a decoder for a particular
constraint length and rate is determined by three parameters: the step size
and number of quantization levels of the input code symbols, the state
metric normalization procedure, and the effective chainback depth of the
path memory.

The branch metrics are the cost functions corresponding to the
logarithm of the transition probabilities that each possible bit transition has
generated the given soft decision input code symbols. The sign and
magnitude information in the soft decisions is scaled and combined to
produce each branch metric. For rate 1/2, there are four possible metrics.
For rate 1/3, there are eight and, for an arbitrary rate 1/n, there are 21
possible metrics. The equations used to calculate and scale the branch
metrics are selected for the best decoder performance on the target channel
using experience and simulation. These equations are implemented in the
SVD logic of this invention. Metric inputs are scaled by the symbol metric
values stored in the Symbol Metric Table (SMT) within VD 50. An
"erasure" level causes the code symbol to be ignored in the branch metric
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reasonable erasure rate has no significant effect on decoding performance.
The convolutional codes can generate an infinite sequence of code
symbols but certain properties of the codes make it possible to reduce the
number of symbol sequences. The first property is that only the best (most
probable) path into a state is of interest because any global path through a
state must follow the best local path. The second property is that the
convolutional code structure is repetitive and has a symmetrical code tree.
The code sequences therefore must merge into equivalent sequences
generated by a finite number of unique bit stream patterns. For a given
" constraint length, K, there will be 2K-1 possible data bit patterns
(denominated herein as "states") that must be evaluated to locate the most

likely global path.

Fig. 6 shows a typical trellis diagram representation of the merging
sequences or paths for an exemplary K=3 (1/2) code based on G0 = 5g and

Gl = 7g. The symbols required for transitioning between states are shown on

the diagram. For each state, a state metric (not shown) is calculated
representing the relative probability of following a path through that state.
The state metric calculation is performed by an Add-Compare-Select (ACS)
process. The state metric for each of the possible states preceding a present
state is Added to the branch metric for the transition from that previous
state to the present state. The sums are Compared and the most likely
transition, represented by the smallest sum, is Selected and assigned to the
present state as the state metric. The decision bit from each ACS is the value
of the least significant bit (the oldest bit) for the previous state from which
the selected transition originates. The decisions for all states in a column of
the trellis becomes a path memory word.

Since the first and last terms in the generator polynomials (G0 and
G1) are unity, the hypothesis (i, j) for the transmitted symbols (c0, c1) on the
two paths entering or leaving any state are binary compliments. These ACS
state relationships are displayed graphically in the butterfly diagram of
Fig. 6B. Of course, in a noiseless channel, the code symbol values (c0, c1) are
error-free and the state metrics are either zero or saturated at maximum
value, with the zero state metric representing a state on the most likely
global path.
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metric from state x1 to the x1 state metric value. The least of these two
possible values is then assigned as the new Ox state metric value. This
process is repeated for the 1x state and for all other states in that trellis
column. A new column is created for each new set of code symbols
corresponding to a single original bit. The difference between each pair of
state metrics is compared to a predetermined Quality Threshold (QT) to yield
a Yamamoto Quality Metric (YOQM) or "gbit" for the new state in the manner
suggested by Yamamoto, et al in the above-cited paper and as described
herein below in connection with Fig. 12.

Once the matrix of local ACS decisions is stored in the path memory,
the chainback process follows a path back through this matrix. Chainback
starts at a "best state” reported by the ACS array and then uses the decision at
that state (bit address) in path memory word to determine the previous best
(most probable) state. The chainback is run through at least five or six
constraint lengths of decisions to ensure that the path being followed has
merged with the most likely global path. For a constraint length of 9, a
chainback path depth of 63 states is sufficient. The last decision at the end of
the chainback is accepted as the best decision for that output bit from the
Viterbi decoder. For each subsequent original data bit, a new- decision word
~ and new best state are generated by the ACS array and the chainback process

is repeated back from the new trellis column through the same path length.
Thus, each new bit symbol steps the 64-state chainback window in path
memory forward by one trellis column.

In the exemplary frame specification discussed above in connection
with Fig. 3, for all modes of operation where the data is packetized the
encoding is started and ended at the all "zero" state by inserting a tail of eight
"0" bits at the end of the data. In multirate decoding, the SVD forces the
decision bits input to path memory during the first eight trellis columns of
each frame to be zero. This ensures that the selected path for each frame
starts and ends in the all "zero" state for all possible data rates.

Input Buffer (IB) Description
The following functional description of SVD 20 of this invention
relies on these exemplary definitions for various processing cycles.

and
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and is equivalent to two internal CHIPX8 clock cycles. _

Process Cycle: This is the time to process one original data bit
through chainback and is equivalent to 128 + 3 calculation cycles,
which are required to completely process 64 branch metrics through
ACS logic 106. : :

Block Cycle: This is the processing time for one of the four
possible frame packet sizes and is equivalent to either 192, 96, 48 or 24
process cycles.

Buffer Cycle: This is the time to process all four possible packet -
rates for a frame and to perform final chainback flush and clean-up
operations in VD 50. This is equivalent to 432 process cycles
(192 + 96 + 48 + 24 + 72).

Frame: This is the time window required to send all code
symbols in a packet and is normally equal to 20 milliseconds except
for the sync channel, where three 26.67 millisecond frames are
accumulated to form a single 80 millisecond super-frame.

Fig. 7 provides a schematic block diagram illustrating the preferred
embodiment of the Input Buffer (IB) 48 of this invention. IB 48 receives
code symbols on decoder input line 34 and presents these code symbols
selected and accumulated for all possible predetermined vocoder data rates
on symbuf bus 52. As shown in Fig. 4, IB 48 operates in repeat mode for the
forward link channels and in either repeat mode or Data Burst Random
(DBR) mode for the reverse link channels. In repeat mode, IB 48
accumulates code symbols to present them on symbuf bus 52 at an
accumulated symbol rate of 1/2, 1/4 and 1/8 the input code symbol rate
following initial full-rate presentation. In DBR mode, IB 48 selects code
symbols for bursting in the 1/2, 1/4 and 1/8 data block sizes located in the
frame according to a randomized code word extracted from the last few bits
of the PN sequence in the preceding frame following initial full-frame block
bursting. Code symbol inputs on decoder input line 34 are the same for both
IB modes. Code symbol bits are strobed in by the DECSTB line 64 and, when
IB 48 has received enough code symbols to keep up with the VD 50 decoding
process, a ready strobe signal is sent to VD 50 on the INBUFRDY line 66.
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symbuf bus

The decoder mode is controlled by a mode control word on a
DECMODE bus 68, which includes several control bits affecting operation of
IB 48. The various IB 48 operating modes can be appreciated by referring to
Fig. 4. Several of the signals on DECMODE bus 68 also determine the timing
for the strobe signal on inbufrdy line 66 to VD 50. - One of these bits
determines the code symbol boundaries for each of the four different packet
sizes corresponding to the four alternate original bit data rates described
above in connection with Fig. 3. Another of the bits on DECMODE bus 68
determines whether the repeated code symbols are accumulated by IB 48
before being presented to symbuf bus 52 or merely selected according to a
DBR position code. '

Each input cycle for SVD 20 begins with a strobe signal on the
DECSYNC line 70. The strobe on DECSYNC line 70 occurs at least 15
internal clock (CHIPX8) cycles before the strobe on DECSTB line 64 for the
first coding symbol of the packet to allow time for initialization of IB 48.
After each strobe on line 70, IB 48 expects to have either 384 or 576 code
symbols strobed into a buffer 72 by DECSTB line 64. The convolutional code
rate (Fig. 4) determines whether 384 (=2x192) or 576 (=3x192) code symbols
are expected. Code symbol bits on decoder input 34 are continuously clocked
in serially, from Most Significant Bit (MSB) to Least Significant Bit (LSB), by
the internal CHIPXS clock (not shown). The LSB of each symbol is marked
by a strobe on DECSTB line 64 and the entire code symbol is latched into a
parallel symbol register 74 thereby. If the code symbols come from a
convolutional deinterleaver, the input symbols are clocked in by DECSTB
line 64 at the rate of 384 symbols per frame. If operating in a reverse link
channel, the code symbols come from a block deinterleaver and the input
code symbols are burst into IB 48 at up to the maximum input rate (one code
symbol every seven internal CHIPXS8 clock cycles). The maximum burst rate
is limited by arbitration logic (not shown) that permits code symbols to be
read from buffer 72 as it is being filled. The buffer control logic 76 generates
the signal on INBUFRDY line 66 to inform controller 62 when output on
symbuf bus 52 may begin.

A two-bit "psize" counter (not shown) in buffer control 76 is reset by
the INBUFRDY strobe on line 66. The contents of the psize counter
represents the packet size for the code symbol at symbuf bus 52, which may
be 24, 48, 96 or 192 original bits. The strobe on line 66 starts the operation of
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Upon strobing of INBUFRDY line 66, the read address of buffer 72 and
the write address of the repeat buffer 78 are reset. The first code symbol in
buffer 72 is then prefetched and latched onto symbuf bus 52. The read
address pointer for buffer 72 is then incremented and the next code symbol is
fetched and latched onto bus 52 responsive to a strobe on symstb line 80.
The IB read strobe on symstb line 80 is limited to one read cycle for every
seven internal CHIPX8 clock cycles to allow time for the interleaving of
reading and writing operations for buffer 72. The number of code symbols to
be read for the current frame is dictated by the signals on DECMODE bus 68.
After code symbols representing 192 original data bits are read from buffer 72
for the first packet, the 96, 48 and 24 bit packets are then read from repeat
buffer 78 according to the select and accumulate logic 82. The read and write
addresses for repeat buffer 78 are reset and the psize counter (not shown) in
buffer control 76 is incremented after reading the last code symbol of each
packet. The psize counter content determines the address of the code word
fetched from buffer 72 or repeat buffer 78 and also controls select and
accumulate logic 82 to present the proper code symbol to symbuf bus 52. The
read address pointer for repeat buffer 78 is incremented after each read
whenever the psize counter is non-zero. The write pointer for repeat buffer
78 is incremented by one after every other read from either buffer 72 or

repeat buffer 78. Code symbols are output from IB 50 in the same sequence
without regard to the SVD 20 operating mode but VD 50 ignores the unused
packets when operating at a fixed repeat rate in a continuous mode.

As the code symbols are read from buffer 72 in repeat mode, each pair
of code symbols is added together by logic 82 and stored into repeat buffer 78.
The accumulator is reset to zero when INBUFRDY line 66 is strobed and
after the sum for each pair is written into repeat buffer 78. As the code
symbols are read from repeat buffer 78, they also are added in pairs and
written back into repeat buffer 78. This same operation is repeated on each
symbol pair from the 192, 96 and 48 symbol packets. The 7-bit word length in
repeat buffer 78 allows storage without truncation of the sum of up to 8 such
code symbols. When operating in DBR mode, the accumulated code symbol
feedback into the accumulator in logic 82 is forced to zero so that the output
from logic 82 is the symbol input from buffer 72. The write to repeat buffer
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DBR code bits is chosen such that the DBR code bits for any lower rate are a
subset of the DBR code bits for a higher rate.

The forward link sync channel uses 26.67 millisecond frames of 128
symbols and these symbols are sent as a continuous stream at a constant 4800
symbols per second. IB 48 accepts three deinterleaver sync frames in 80
milliseconds to make u;i one decoder packet having 384 symbols, but only
one strobe on decsync line 70 is required from the deinterleaver for this
"superframe”. Each sync channel code symbol is repeated twice and the 80
millisecond frames on this 1200 BPS channel are decoded as 96-bit packets
with a symbol repetition factor of two. The sync channel operates in
continuous mode but the output data is delayed by 71 bits because of delays
through SVD 20. The first bit in each packet is the twenty-sixth bit of the
26.67 millisecond sync packet received 6 packets previous to the current
packet. These timing details are handled by controller 62 and
microprocessor interface 58 (Fig. 5).

In the reverse link channels, 576 symbol frames may be burst into
IB 48 at up to the chip rate, which is one-eighth of the internal CHIPX8 clock
rate. The code symbols are written sequentially into buffer 72, which may be
considered as a 32 row by 18 column array. The code symbols are read and
written by column. That is, the code symbols are read from buffer 72 in the
same order in which they were written. When the sixth symbol of a packet
has been received, IB 48 may then begin sending VD 50 a triplet of code
symbols (representing a single original data bit) during every process cycle
until the full packet has been processed. After reset and after the end of each
buffer cycle, the DBR-selected bits on decoder input 34 are continuously
clocked by the internal clock into a DBR code register (not shown). The
fourteen bits ending with DBR-13 at the strobe on DECSYNC line 70 are
latched as the DBRCODE word for the next buffer cycle. These DBRCODE
bits, DBR-0 to DBR-13, are used to select code symbols to be written to repeat
buffer 78 from the full rate symbols sent to VD 50 over bus 52. Once the full
packet has been processed, the half-sized packet remaining in repeat buffer
78 is then processed similarly. As the code symbols for the half-sized packet
sent to VD 50 over bus 52, those symbols selected by the DBRCODE are
rewritten into repeat buffer as a fourth-size packet. The fourth-size and
subsequent eighth-size packets are similarly processed.
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determine which 16 slots (row pairs) are used from buffer 72 For full rate
operation, all 16 slots (32 rows) are transmitted. However, the transmitter
was turned off during the transmission time for some of the slots at the

lower rates. For example, the fourth-rate sends only one of the first four

slots as the first 36 code symbols. The code symbols are transmitted by row
but the deinterleaver sends them to SVD 20 by column. Since the transmit
DBR algorithm skips rows in the interleaver, the fractional rates effectively
have fewer rows. For the DBR 1/4 rate, buffer 72 contains only eight rows of
data and noise symbols in the remainder of the rows. In contrast to reverse
link traffic, the reverse link access channel (Fig. 3E) operates in repeat mode
at a 1/3 convolution code rate with code symbols repeated twice to provide
about 2.5 dB gain over the reverse traffic channel. The transmit DBR
algorithm can be better appreciated with reference to the above—;ited
Gilhousen, et al patent application.

In addition to the functional logic illustrated in Fig. 7, IB 48 also
contains test logic to permit a self-test verification of function.

_ The Viterbi Decoder (VD) Element of this Invention

Fig. 9 provides the functional block diagram for VD 50, which
processes the code symbols arriving on bus 52 from IB 48. VD 50 outputs a
decoded bit stream on rdata line 56 together with quality information. These
functions are performed in the six submodules shown in Fig. 9. Two bits
from DECMODE bus 68 control VD 50 operation on a DECRATE line 84 and
a PACKET line 86. The data table stored in Symbol Metric Table (SMT) 88 is
a programmable lookup table that converts the 7-bit code symbols on bus 52
to the proper 4-bit scale for correct operation of the branch metric logic 90.
SMT 88 provides flexibility needed to handle different operating modes.
The control information to VD 50 is normally set at the beginning of a
packet processing call and is not changed during traffic reception. The
DECRATE signal on line 84 determines how many code symbols are
included in the branch metric calculation and the PACKET signal on line 86
causes the state metric values to be cleared at the beginning of each packet.
The contents of SMT 88 are used to convert the 4, 5, 6 and 7-bit input code
symbols on bus 52 into scaled four-bit output code symbols for branch metric
logic 90 on an internal SMTSYM bus 92. These conversions include the
necessary compensation for the doubling, quadrupling and octupling of the
code symbols accumulated in IB 48 for the lower data rate packets. Each code
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Yamamoto Quality Metric (YOM). The quality bit for the best state (zero by
definition) of the last process cycle of each packet size is stored in a YQM
register 93 and is used later in determining the original data transmission
rate. _ ,

A Symbol Error Rate (SER) logic 94 compares the input i and j symbol
hard decisions with c0 and cl values from re-encoded output data to create a
SER byte for each packet on the SERROR bus 96. The value on bus 96 is
saturated at 255 and is also used later in determining the original data
transmission rate.

SMT 88 consists of a random-access memory (RAM) and load control
logic to multiplex a write address and write strobes to the RAM. The 7-bit
input symbol on SYMBUF bus 52 is used for the LSBs of the address for a 4-
bit data value that becomes the output symbol at SMTSYM bus 92. The psize
value on psize bus 98 forms the two MSBs of the RAM address and can
select different conversions for the different packets to compensate for the
accumulation sums introduced by IB 48.

The branches of the trellis (Fig. 6A) upon which the Viterbi decoder
operates are labeled by the pairs (c(, c1) for rate 1/2 code and by the triplets

(cp. c1, cp) for rate 1/3 convolutional code. Thus, before any ACS operation,
the proper branch metrics for each of the two possible values for (cq, ¢1) or
the three possible values (cg, €1, ¢2) for rate 1/2 and 1/3, respectively, must be
computed. These branch metrics are computed according to Eqn. 1 below.
For instance, during each calculation cycle, branch metric logic 90 generates a
new pair of metrics Rijk on a BMETRIC bus 100. These are calculated from
the input symbol (r2, r1, r0) on SMTSYM bus 92 and the hypotheses for the
transmitted symbol (c2, c1, c0) on the hyp bus 102 from the timing control
logic 104.

Rix = 2[(rx3 D cp J4(4*ryg + 2%+ )] (Egn. 1)
ijk

where: ¢, is the i, j or k hypothesis on bus 102 for the target ACS state, ry3 is
the sign of each code symbol on bus 92, and (ry5, ry1, Ig) are the three LSBs

of each symbol metric on SMTSYM bus 92.
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pairs on bus 100. The third symbol on bus 92 is forced to zero if DECRATE
line 84 specifies a convolutional coding rate of 1/2. The branch metric pairs
on bus 100 are presented to a Add-Compare-Select (ACS) logic 106, wherein
one of the two branch metrics is selected during each ACS calculation cycle.
For each hypothesis about the input data, the 4-bit branch metric on bus 100
is calculated according to Eqn. 1. A 4-bit branch metric is also generated for
the complement of the hypothesis. In this formula, if the code symbol sign
matches the hypothesis, the magnitude of the code symbol is added to the
Rijk metric; otherwise, zero is added to the metric. The rate 1/2 branch
metric values are expected to range from zero to 14 and the rate 1/3 branch
metrics are expected to range from zero to 15. The ACS logic branch metric
adder saturates at 15.

Symbol metrics on bus 92 from SMT 88 into branch metric logic 90 are
expressed in a sign-magnitude format and erasures are determined by the
symbol value according to the following exemplary lockup table.

Rate 1/3 Symbol Metrics Rate 12 Symbol Metrics ’
Strongest One 0101 Strongest One 0111
Weakest One 0001 Weakest One 0001 JI
Erasure 0000 Erasure 0000 |
Erasure 1000 Erasure ' 1000 %
Weakest Zero 1001 Weakest Zero 1001 |
Strongest Zero 1101 Strongest Zero 1111

If symbol metrics outside the expected range for rate 1/3 overflow the
adders, the branch metrics on bus 100 saturate at 15 (11115,).

The ACS logic 106 processes the input branch metrics on bus 100
during every calculation cycle for which it is enabled. A pair of ACS logic
blocks 108 process the 4-bit branch metrics on bus 100 and the five-bit state
metrics from the state RAM 110 to produce a pair of decision bits on an
internal bus 112 and a new pair of state metrics on another internal bus 114.
The decision bits on bus 112, which are the LSBs of the best previous state
into each of ACS pair 108, are shifted into an 8-bit output latch 116. The 8-bit
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state is set to zero and all other metrics are set to their saturation value as
they are read from state RAM 110. The decisions on bus 118 and the best
states on bus 122 are forced to zero in the packet mode for the first eight
process cycles of each frame. The néw state metrics, the smallest sums of
prior state metric and linking branch metric, are written back into state RAM
110 at a location calculated by shifting the current state from MSB to LSB.
The zero hypothesis decision is chosen for equal metrics. The new metric
for state zero is written into the best state latch 124 at the beginning of each
process cycle. All other new state metrics in the current process cycle are
compared against the current best state in latch 124 and a smaller metric
replaces the current best state metric in latch 24. The best state metric from
the previous process cycle is subtracted from each state metric as it is read
from state RAM 110 during the current process cycle. ACS logic 106
continues to accumulate and normalize metrics until all four code symbol
packets are processed.

A Yamamoto Quality Metric (YQM) or "gbit" is attached to each state
metric. The YQM bit for initial state zero is set "good" or true (0) and all
other YQM bits are set "bad” or false (1) during the first IB process cycle. The
YQM bit is set false (1) for each new state metric calculated by ACS logic 106 if
the YOM bit for the selected previous state metric was false or if the metric
difference in the ACS calculation is less than or equal to the predetermined
Quality Threshold (QT) value specified in a quality threshold register (see
MUX 216 in Fig. 11). '

An important element of this invention is the set of "error metrics"
produced during decoding, including three types of quality information. For
the several data rate hypotheses (e.g., 9600, 4800, etc.), SVD 20 creates one or
more independent quality metric elements. These include the Cyclic
Redundancy Check (CRC) results, the Symbol Error Rate (SER) and the
Yamamoto Quality Metric (YOM). The YQM is also denominated herein as
"gbit". Some error metrics are omitted at lower data rates. The CRC and
SER metrics are well-known in the art. The YOM metric can be understood
with reference to the above-cited Yamamoto, et al paper and the discussion
below in connection with Fig. 11. The error metrics are used to select the
most-probable original transmission data rate using the method disclosed in
the above-cited Butler, et al patent application. |
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connection with Fig. 10. The SER element is discussed herein below in
connection with SER 140 in Fig. 9. Fig. 11 shows a block diagram of a portion
of ACS pair 108 (Fig. 9) that creates the YQM bit.

Returning to Fig. 6B, the branch metric from state X0 to state 0x is
added to the x0 state metric to determine the first of two possible 0x state
metrics. The second possible 0x state metric is found by adding the branch
metric from state x1 to the x1 state metric value. The least of these two
possible values is then assigned ‘as the new 0x state metric value. This
process is repeated for the 1x state and for all other states in that trellis
column. The YQM bit is a label showing that the difference between the two
Ox state metric values is less than a predetermined Quality Threshold (QT)
or, that it follows another state which was less than the predetermined QT.
In Fig. 11, the LSB of the ACS0x0 state is provided on line 210 and the YQM
bit of the ACS0x1 state is provided on line 212. A QT threshold value -
group 214 is provided on a plurality of 4-bit buses to a multiplexer MUX 216.
The psize bus 218 selects one of the QT group 214, depending on the current
transmission data rate hypothesis. An important element of this invention
is that each of the quality thresholds (QTs) in group 214 are programmable
and can be adjusted individually or together to accommodate for different
operating modes. Since different rate hypothesis may have different QTs,
MUX 216 switches between alternative QT members of group 214.

Continuing with Fig. 11, the difference between the two ACS state
metrics is computed and provided on bus 220 to a four-way XOR-gate 222.
The decision bit on line 224 is used to select the most probable of the two
metrics in multiplexer MUX 226 and to enable METODIF on bus 220. The
output on line 228 from MUX 226 represents the state metric bit selected
from buses 210 and 212. Output line 228 is ORed with the output of the .
comparator 230 on line 232 to produce the YOM bit on line 234. Comparator
230 compares the selected QT from group 214 with the state metric difference
on bus 220 (after adjusting for sign in XOR-gate 222). YQM bit 234 is
forwarded to YOM register 93 (Fig. 9). '

The YQM bit is produced in this manner for the current state in the
Viterbi trellis (Fig. 6A). The YQM procedure has the property that forces a
"bad” YQM bit in any one state of the Viterbi trellis to propagate forward
through the decision tree. YQM bit 234 is a label that indicates that the
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9-f okt thd begfiling of the decoding operation of any rate hypothesis, the
zero Viterbi trellis state is labeled with "good" YQM bits ("0"s) and all other
trellis states are labelled with "bad" YQM bits. At the end of the decoding
procedure of the rate hypothesis, the frame is labeled either "good" or "bad"

-according to the YQM bit for the final zero state, which is stored in register 93

and output from ACS logic 106 (Fig. 9). Because each vocoder frame is
completed with a string of eight zeros (00000000), the decoder knows that the
correct final state for the frame is the zero state.

Chainback logic 120 contains a path memory 126 having 64 words of
256 decision bits each. Path memory 126 is read twice and then written once
during every four calculation cycles. Thus, chainback logic 120 is able to
write 256 bits into a single path memory word and to read a bit from each of
64 such path memory words during every process cycle. Chainback logic 120
includes a multiplexer 128, an address generator 130 and a plurality of data
latches 132. Address generator 130 determines the address of the word to be
written and the first chainback read of a process cycle starts at the previous
write word.

The chainback process is accomplished by writing and reading path
memory 126 in a self-determining sequence. The eight LSBs of the read
address start with the best state on bus 122 for the latest decision word on bus

"118. This bit address will be zero for the last word (because the best state

inputs are forced to zero) and for the first eight words of each block cycle
(because the decision and best state inputs are forced to zero therein). The
decision stored at the bit address for each word read is shifted into the read

address as the LSB for the bit address in the next read word. The eight LSBs

of the read address that form the bit address into the decision word are
rotated by one bit, to move the MSB (the eighth bit address) to the LSB
position. This rotation compensates for the ordering of the decisions by ACS
pair 108. Address generator 130 decrements the word address after each read
to chain back from the newest to the oldest decision word in path memory
126. The decision bit at the 634 read is the bit output on the internal bit line
134 to output data latches 132. Each frame is processed through 432 process
cycles, including 192 cycles for the full data rate, 96 cycles for the half data
rate, 48 cycles for the quarter data rate and 24 cycles for the eighth data rate.
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Symbol Error Rate (SER) logic 94 re-encodes the output data stream on
rdata line 56 and compares the regenerated code symbols with the code
symbols received into SVD 20 on decode input line 34. The strobe on
SYMSTB line 80 clocks the sign bit r3 of each symbol metric on bus 92 into a
First-In-First-Out (FIFQO) 136, which compensates for the pipeline and
chainback delays in VD 50. The encoder 138 and error counter 140 are reset
at the beginning of each frame preparatory to the clocking of each bit on
line 56 into a 9-bit shift register in encoder 138. The number of code symbols
that do not compare are counted in an 8-bit error counter 140, which
saturates at 255. The output from counter 140 is provided on SERROR
bus 96 to OB 54, where it is shifted and latched into the appropriate register.
Timing control logic 104 begins operation of VD 50 when it receives a
signal on INBUFRDY line 66 and then coordinates the timing between the
other elements of VD 50. Logic 104 originates two strobes (or three for
rate 1/3) on SYMSTB line 80 to clock the data through SMT 88 into branch
metric logic 90 and SER logic 94. During each calculation cycle, VD 50
processes the current original data bit symbol for one hypothesis on hyp
- bus 102 with ACS pair 108. A process cycle includes 128 calculation cycles to
process each bit symbol for every ACS state. Because the convolution
encoder constraint length for this embodiment is nine, there are 29-1=256
states for every original data bit symbol (in each trellis column). A state
sequence counter in tlmmg control logic 104 counts through the 256 states (2
per calculation cycle), presenting the count on the STATESEQ bus 142. Other
elements in timing control logic 104 encode the state register contents to
generate the hypotheses on hyp bus 102. Other control signals are presented
on ACSSTATE bus 144 to (a) idle the ACS processing and logic 106, (b) zero
the state metric inputs to ACS pair 108 during the first process cycle, (c) flag
the end of each process cycle so that the best state can be saved, and (d) enable
decision latch 116 for every calculation cycle.
Timing control logic 104 determines the read and write addresses for
path memory 126 and presents these on the address buses 146 and 148,
respectively. An 11-bit counter (not shown) within logic 104 is incremented
with each write to generate the write address for each decision byte on
bus 118. One of the 32 writes of decision bytes on bus 118 occurs every four
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to "bad" obus 146 are generated by the same logic that generates a read strobe and
decrements the address twice between write strobes. Control signals
required to load, shift and zero the LSBs of the read address on bus 146 are
produced from the timing within logic 104. This same timing also
determines a RSTB strobe signal on an RSTB line 150 for coordinating the
operations of chainback logic 120 and SER logic 94. Timing and control
logic 104 also generates timing signals for resetting and enabling error

counter 140 within SER 94.

The Output Buffer (OB) Of This Invention

Fig. 10 shows the functional block diagram illustrating the output
buffer (OB) 54. Decoded data on rdata bus 56 are converted to bytes in a
converter logic 152 and stored in a buffer 154. Converter 152 also checks the
packet CRC code in the usual manner. The packets and status bytes for the
packets are available to microprocessor interface 58 on DECDATA bus 60 for
about 10 milliseconds beginning with the issue of an interrupt to
microprocessor interface 58 on the INTD line 156. The results of a CRC
check on the packets is stored in a status register (not shown). The CRC
polynomials used by converter 152 depend on the packet size as follows:

Packet Size CRC g(x)
24 bit none
" . 48 bit none
I 96 bit CRC  xBax74xd+x3+x+1 i
B 192 bit. CRC x124x114x104x94+x8+xd+x+1 "

The CRCs used are of the form g(x) = p(x)*(x+1) and known good
primitive polynomials, 211g (891¢4) and 5361g (AF17¢), are used for p(x).

The logic within converter 152 used for CRC checking is well-known
in the art and consists of a shift register tapped in accordance with the CRC
polynomial with the tap output accumulated through an XOR-gate.

When the frame has been processed four times in packet mode or
once in continuous mode and the data for all four rates has been written

set
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line 64 (Fig. 7). In continuous mode, the fixed delay is dependent on actual
packet size. The INTD interrupt on line 156 is reset automatically after
seven internal CHIPX8 clock cycles. “The microprocessoi (not shown) can

use this interrupt signal, or frame timing, to indicated when it should read

the output data. Buffer 154 contains sufficient storage space for a full set of
packets, thereby allowing a frame time less processing time, about 10
milliseconds, for the output data to be read via microprocessor interface 58
(Fig. 5). The last eight bits of each packet are zero in packet mode because
SVD 20 is operating in a burst mode assuming the transmitting encoder was
preset and flushed to the zero state. A DECDATA register (not shown) in
buffer 154 is automatically updated with the next byte from buffer 154 after
each read. The data are prefetch to minimize the microprocessor wait time
for the next byte but the prefetch still requires at least four internal CHIPX8
clock cycles. If the microprocessor can read OB 54 faster than once every four
internal CHIPX8 clock cycles, then the microprocessor must test the
BYTERDY signal on the BYTERDY bus 158 to ensure that no output word is
read twice. The Quality information ("error metrics") included in the
output data can be used by the microprocessor to select the best packet from
among the four available in OB 54 in accordance with the method of the
above-cited Butler, et al patent application.

Converter 152 supplies a data byte to buffer 154 every 8 process cycles.
The data is transferred over an internal bus 160 to buffer 154 at the beginning
of the next process cycle. As each bit of data is received on line 56, it is
clocked into a CRC generator (not shown) within converter 152. This CRC
generator is reset to all ones at the beginning of each packet. At the end of 96
and 192 bit packets, the CRC remainder is checked and the CRC bit in the
STATUS register (not shown) is set if the remainder is all zeros. The read
data is prefetched before the interrupt on INTD line 156 is issued and after
each read. When the INTD interrupt is issued on line 156, the read address
pointer is set to address zero. The BYTERDY signal on line 158 is set to zero
after each read and held there until the new data byte is latched into the
DECDATA register (not shown) in buffer 154. OB 54 also contains test logic
to permit self-testing for proper function.
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word read ;Iarsov?ctl]e!sf atlesgnleg to sttr%%er aGI?éi enabling signals based on this internal clock
rate. These control signals can be initialized by a reset for testing purposes
but, in normal operation, they sequence through a fixed set of operations
responsive to the DECMODE signals-on bus 68 and then return to an idle
state. The control signal sequence begins again after each decoder
synchronization strobe on line 70 (Fig. 7). A chain validation signal
indicating valid chainback data operates to enable the RSTB strobe on
line 150, which initializes data transfer to OB 54. Controller 62 and
microprocessor interface 58 contain the microprocessor control registers
necessary for proper operation, including the pin control and reset register.
Special self- testing logic is also included in these two elements.

The actual implementation of the internal modules for each of the
above described elements of SVD 20 can be accomplished in any useful
manner known in the art but is preferably accomplished on a single
monolithic integrated circuit chip.

Although the teaching, examples, and embodiment of this description
presume serial processing to achieve the desired objectives, it will be
manifest to those skilled in the art that the decoder logic can be replicated
into multiple parallel decoders which operate concurrently to provide as
many outputs as there are data rates in a transmission system.

The invention may also be varied, for example, by using cyclic
redundancy coding for as many data rates as system considerations demand.

Clearly, other embodiments and modifications of this invention will
occur readily to those of ordinary skill in the art in view of these teachings.
Therefore, this invention is to be limited only by the following claims,
which include all such embodiments and modifications when viewed in
conjunction with the above specification and accompanying drawing.
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transmission of code symbol data which represents original bit data having a
data rate R;, where R is one data rate of two or more predetermined original

bit data rates, the method being executable using a decoder apparatus
including an input buffer, a decoder, and an output buffer, the method
including the steps of: '

receiving and storing successive portions of said transmission of said
code symbol data in said input buffer; '

decoding any portion of said successive portions in said decoder into
two or more packets [P;] of decoded bit data, each packet P; including:

decoded bit data I; corresponding to original bit data having
said data rate R;; and :

quality metric data Q; representing symbol error conditions in
said any portion and data error conditions in said decoded bit data;
and |
storing said two or more packets in said output buffer.

2. The method of Claim 1, wherein said decoder is a
convolutional decoder.

3. The method of Claim 1 further including, prior to said step of
receiving and storing:

transmitting said code symbol data in frames of predetermined time
duration.

4, The method of Claim 3, wherein the transition between each
said successive frame of said code symbol data is forced to a predetermined
state.

5. The method of Claim 4, wherein said quality metric data Q;
representing data error conditions in each said frame of said decoded bit data
includes:

a Quality Metric (QM) representing the results of a comparison
between a predetermined Quality Threshold (QT) value and a measure of
the probability of decoding said zero state at said each transition between
successive frames of said decoded bit data.
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recoding each of said at least two decoded bit data packets [P;]
according to said coding algorithm to create a packet of local code
symbol data (L;);

comparing said code symbol data with each of said at least two
local code symbol data packets [L;] to produce a qualitative measure
(Q;) of the number of differences there between; and

storing at least two qualitative measures {Q;} in said output
data buffer.

7. The method of Claim 4, wherein frames of data having a first
bit data rate include packets of encoded data bits, each packet including cyclic
redundancy check bits, the method comprising the additional unordered
steps of:

determining an error rate for said packets of data bits using said
cyclic redundancy check bits;

producing a qualitative measure (Q;) indicating said error rate;
and

storing at least two qualitative measures {Q;} in said output
buffer.

8. A multi-rate decoder for providing decoded bit data in response
to a transmission of code symbol data which represents original bit data
having a data rate R;, where R; is one data rate of two or more
predetermined original bit data rates, the multi-rate decoder comprising:

input buffer means for receiving and storing successive portions of
said transmission of said code symbol data;

decoder means coupled to said input buffer means for decoding any
portion of said successive portions into two or more packets [P;] of decoded

bit data, each packet P; including:
decoded bit dataI; corresponding to original bit data having a
data rate R;; and
quality metric data Q representing symbol quality conditions in
said code symbol data and data quality conditions in said decoded bit

data; and L L
LTI ey
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said code symbol data are transmitted in frames of predetermined
time duration.

10. The multi-rate decoder of Claim 9, wherein said code symbol
data represents a series of N; copies of coded original bit data.

11. The multi-rate dec_oder of Claim 10, wherein the transition
between each said successive frame of said code symbol data is forced to a
predetermined state.

12.  The multi-rate decoder of Claim 10, further comprising:
quality metric means coupled to said decoder means for producing a
Yamamoto Quality Metric (YQM) representing the results of a comparison
between a predetermined Quality Threshold (QT) value and a measure of
the probability of decoding said zero state at said each transition between
successive frames of said decoded bit data.

13. In a communication system in which code symbol data
representing original bit data according to a first coding algorithm are
transmitted in one or more channels at one of a first plurality of
predetermined original bit data rates {R;}, either continuously in a first
mode or in frames of predetermined time duration in a second mode, each
said frame representing a first version and (Nj-1) repeated versions of coded
original bit data, a method for recovering said original bit data from said
code symbol data by creating decoded bit data corresponding to said first
version of said original bit data, said method comprising the unordered
steps of:

(a) receiving and storing at least one said frame of code symbol data in
an input data buffer;

(b) decoding said code symbol data to create a packet (P;) of said
decoded bit data corresponding to each of at least two of said first plurality of
predetermined original bit data rates {R;}; and

(c) storing said at least two decoded bit data packets {P;} in an output

data buffer. e . _
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symbol data (L;);

(e) comparing said code symbol data with each of said at least two local
code symbol data packets {L;} to cr@ate a qualitative mieasure (Q;) of the

encoder constral nt B rel | enbodi ment is is_nine.—ther re 29-1=256
states for every%‘ﬁlﬁil p r1 synbol (iR Cﬂhﬁ\.ﬁ‘&lﬂl gHERbIlum) . A state
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number of differences therebetween; and
(f) storing each of said at least two qualitative measures {Q;} in said

output data buffer.

15.  The method of Claim 14 wherein said sequential decoding step
(b) comprises the unordered steps of:

(b.1) assigning at least one symbol metric value to each of said code
symbol data in accordance with a second coding algorithm;

 (b.2) assigning branch metric values representing the original data bit
transition probability corresponding to each said code symbol datum in
accordance with selected ones of said symbol metric values; '

(b.3) assigning state metric values representing the original data bit
transition probability corresponding to said code symbol datum in
accordance with the sum of the most probably preceding said state metric
value and said branch metric value therefrom;

(b.4) storing said state metric values in a path memory; and

(b.5) selecting the most probable value for each said original data bit in
accordance with the most probable said state metric value corresponding to a
decision path chain preceding the most probable said state metric value
corresponding to said each code symbol in said path memory.

16. The method of Claim 15 wherein said code symbol data are
transmitted continuously in sa1d first mode at one of said original bit data

rates {R;}.

17.  The method of Claim 16 wherein said code symbol data
represents a series of N; copies of each said coded original data bit.

18.  The method of Claim 16 wherein code symbol data represent a
complete coded first original bit data version followed by a sequence of (Nj-

1) repetitions of said complete coded first original bit data version.
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transmitted continuously in said first mode at one of said original bit data

rates {R;}.

20. The method of Claim 14 wherein said code symbol data
represents a series of N; copies of each said coded original data bit.

21.  The method of Claim 14 wherein code symbol data represent a-

complete coded first original bit data version followed by a sequence of
(N;-1) repetitions of said complete coded first original bit data version.

22.  The method of Claim 12 wherein said code symbol data are
transmitted continuously in said first mode at one of said original bit data

rates {R;}.

23. The method of Claim 13 wherein said decoding step (b)
comprises the unordered steps of: '

(b.1) assigning at least one symbol metric value to each of said code
symbol data in accordance with a second coding algorithm;

(b.2) assigning branch metric values representing the original data bit
transition probability corresponding to each said code symbol datum in
accordance with selected ones of said symbol metric values;

(b.3) assigning state metric values representing the original data bit
transition probability corresponding to said code symbol datum in
accordance with the sum of the most probably preceding said state metric
value and said branch metric value therefrom;

(b.4) storing said state metric values in a path memory; and

(b.5) selecting the most probable value for each said original data bit in
accordance with the most probable state metric value corresponding to a
decision path chain preceding the most probable said state metric value
corresponding to said each code symbol in said path memory.

24. The method of Claim 13 wherein said code symbol data
represents a series of Nj copies of each said coded original data bit.

25. The method of Claim 13 wherein code symbol data represent a

complete coded first original bit data version followed by a sequence of
(Nj-1) repetitions of said complete coded first ongmal bit data version.
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rates {R;}, either continuously in a irst mo e or in frames of predetermined
time duration in a second mode, each said frame representing a first version
and repeated versions of coded original bit data, wherein a multirate decoder
for creating decoded bit data corresponding to said first version of said coded

original bit data at an output, said multirate decoder comprising:

input buffer means for accepting and storing at least one said frame of

said code symbol data;

decoder means coupled to said input buffer means for creatmg a
packet (P;) of decoded bit data corresponding to each of at least two said

predetermined original bit data rates {R;} responsive to said code symbol
data; and

output buffer means coupled to said sequential decoder means for
storing said at least two packets {P;} of said decoded bit data.

27.  The multirate decoder of Claim 26 further comprising:
symbol transfer means in said input buffer means for selecting a set (S;) of
said code symbol data corresponding to said first version of said coded

original bit data for each of at least two of said predetermined original bit
data rates {R;} and for transferring said set (S;) to said sequential decoder

means.

28. The multirate decoder of Claim 27 further comprising:
quality metric means in said decoder means for creating a quality measure
(Q;) for each said decoded bit data packet (P;), said quality measure (Qj)

representing the number of code symbol data errors associated with said
each decoded data bit packet (P;).

29. The multirate decoder of Claim 28 wherein said quality metric
means comprises:

data recoder means for recoding each of said at least two decoded bit
data packets {P;} according to said first coding algorithm to create a packet of

local code symbol data (L;); and

comparison means coupled to said data recoder means for comparing
each said local code symbol data packet (L;) with each said code symbol data
set (5;) and for countmg the number of dxfferences therebetween.
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code symbol in accordance with a second coding algorithm;

branch metric calculator means coupled to said symbol metric means
for creating a pair of branch metric values representing the weighted
probability for an original data bit transition corresponding to said each code
symbol from said input buffer means, responsive to the corresponding said
symbol metric value;

decision path means coupled to said branch metric calculator means
for creating and storing a state metric decision value for each possible
original data bit transition corresponding to said each code symbol from said
input buffer means, responsive to the corresponding said branch metric
values; and

path chain-back means coupled to said decision path means for
selecting the most probable decision path for each said original data bit
transition and for creating a corresponding said decoded data bit.

31. The multirate decoder of Claim 30 embodied essentially in a
single monolithic integrated circuit.

32.  The multirate decoder of Claim 31 wherein said code symbol
data represent a series of N; sequential copies of each said coded original data

bit.

33. The multirate decoder of Claim 31 wherein said code symbol
data represent a complete coded first original bit data version followed by a
sequence of (N;-1) repetitions of said complete coded first original bit data

version.

34. The multirate decoder of Claim 26 further comprising:

quality metric means in said decoder means for creating a quality
- measure (Q;) for each said decoded bit data packet (P;), said quality measure

(Q;) symbol data errors associated with said each decoded data bit packet (P)).

35. The multirate decoder of Claim 34 wherein said quality metric

means comprises: e e TG T REEN
" 'i'fia,acajgww i
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after data packets {P;} according to said first coding algorithm to create a packet of
local code symbol data (L;); and
comparison means coupled to said data recoder means for comparing
each said local code symbol data packet (L;) with each said code symbol data
set (S;) and for counting the number of differences therebetween.

36. The multirate decoder of Claim 35 wherein said code syinbol
data represent a series of N;j copies of each said original data bit.

37.  The multirate decoder of Claim 35 wherein said code symbol

data represent a complete said first original bit data version followed by a
sequence of (Nj-1) repetitions of said complete first original bit data version.

38.  The multirate decoder of Claim 26 wherein said code symbol
data represent a series of N; copies of each said original data bit.

39.  The multirate decoder of Claim 26 wherein said code symbol

data represent a complete said first original bit data version followed by a
sequence of (Nj-1) repetitions of said complete first original bit data version.

40.  The multirate decoder of Claim 26 wherein said decoder means
comprises:

symbol metric means for assigning a symbol metric value to each said
code symbol in accordance with a second coding algorithm;

branch metric calculator means coupled to said symbol metric means
for creating a pair of branch metric values representing the weighted
probability for an original data bit transition corresponding to said each code.
symbol from said input buffer means, responsive to the corresponding said
symbol metric value;

decision path means coupled to said branch metric calculator means
for creating and storing a state metric decision value for each possible
original data bit transition corresponding to said each code symbol from said
input buffer means, responsive to the corresponding said branch metric
values; and

path chain-back means coupled to said decision path means for
selecting the most probable decision path for each said original data bit
transition and for creating a corresponding said decoded data bit.
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represent original bit data according to a first coding algorithm, said code

symbol data being transmitted at a rate equivalent to one of a first plurality
of predetermined original bit data rates {R;}, either continuously in a first

mode or in frames of predetermined time duration in a second mode, each
said frame representing a first version and (Nj-1) repeated versions of coded

original bit data, where N; and i are non-zero positive integers, said

multirate sequential decoder c_omprising:
input buffer means coupled to said input for accepting and storing at
least one said frame of said code symbol data; -

_ decoder means coupled to said input buffer means for creating a
packet (P;) of said decoded bit data corresponding to each of at least two said

predetermined original bit data rates {R;} responsive to said code symbol
data; and

output buffer means coupled to said output and to said sequential
decoder means for storing said at least two decoded bit data packets {P;}.

43.  The multirate decoder of Claim 42 further comprising:
first selection means coupled to said input buffer means for selecting
one of a plurality of decoding modes each corresponding to a different said
first coding algorithm; and
second selection means coupled to said input buffer means for
selecting one of said first and second channel modes corresponding to
- continuous and framed original bit data.

44.  The multirate decoder of Claim 43 further comprising:

symbol transfer means in said input buffer means for selecting a set
(S;) of said code symbol data corresponding to said first version of said

original bit data for each of at least two of said predetermined original bit
data rates {R;} and for transferring said set (S;) to said sequential decoder

means.

45.  The multirate decoder of Claim 44 further comprising:
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46. The multirate decoder of Claim 45 wherein said quality metric
means comprises:

data recoder means for recodirtg each of said at least two decoded bit
data packets {P;} according to said first coding algorithm to create a packet of

local code symbol data (L;); and

comparison means coupled to said data recoder means for comparing
each said local code symbol data packet (L;) with each said code symbol data
set (S;) and for counting the number of differences therebetween.

47.  The multirate decoder of Claim 46 wherein said decoder means
comprises:

symbol metric means for assigning a symbol metric value to each said
code symbol in accordance with a second coding algorithm;

branch metric calculator means coupled to said symbol metric means
for creating a pair of branch metric values representing the weighted
probability for an original data bit transition corresponding to said each code-
symbol from said input buffer means, responsive to the corresponding said
symbol metric value;

decision path means coupled to said branch metric calculator means
for creating and storing a state metric decision value for each possible
original data bit transition corresponding to said each code symbol from said
input buffer means, responsive to the corresponding said branch metric
values; and

path chain-back means coupled to said decision path means for
selecting the most probable decision path for each said original data bit
transition and for creating a corresponding said decoded data bit.

48. The multirate decoder of Claim 47 embodied essentially in a
single monolithic integrated circuit.

49. The multirate decoder of Claim 48 wherein said code symbol
data represent a series of N; copies of each said coded original data bit.

50. The multirate decoder of Claim 49 wherein said code symbol
data represent a complete coded first original bit data version followed by a
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51. The multirate decoder of Claim 43 further comprising:

quality metric means in said sequential decoder means for creating a
quality measure (Q;) for each said decoded bit data packet (P;), said quality

measure (Q;) symbol data errors associated with said each decoded data bit
packet (P;).

52.  The multirate decoder of Claim 51 wherein said quality metric
means comprises: '

data recoder means for recoding each of said at least two decoded bit
data packets {P;} according to said first coding algorithm to create a packet of

local code symbol data (L;); and

comparison means coupled to said data recoder means for comparing
each said local code symbol data packet (L;) with each said code symbol data
set (5;) and for counting the number of differences therebetween.

53. The multirate decoder of Claim 52 wherein said code symbol
data represent a series of Nj copies of each said original data bit.

54. The multirate decoder of Claim 52 wherein said code symbol

data represent a complete coded first original bit data version followed by a
sequence of (Nj-1) repetitions of said complete coded first original bit data

version.

55. The multirate decoder of Claim 43 wherein said code symbol
data represent a series of N;j copies of each said coded original data bit.

56. The multirate decoder of Claim 43 wherein said code symbol
data represent a complete coded first original bit data version followed by a
sequence of (Nj-1) repetitions of said complete coded first original bit data

version.

57. The multirate decoder of Claim 43 wherein said decoder means
comprises:

symbol metric means for assigning a symbol metric value to each said
code symbol in accordance with a second coding algorithm; '
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symbol metric value;

decision path means coupled to said branch metric calculator means
for creating and storing a state metric decision valué for each possible
original data bit transition corresponding to said each code symbol from said
input buffer means, responsive to the corresponding said branch metric
values; and

path chain-back means coupled to said decision path means for
selecting the most probable decision path for each said original data bit
transition and for creating a corresponding said decoded data bit.

58. The multirate decoder of Claim 43 embodied essentially in a
single monolithic integrated circuit.
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Special self- testing logic is also included in these two el ements. The
‘actual inplenmentation of the internal nodules for each of the above

"descri bed el enents of SVD 20 can be acconplished in any useful manner known
in the art but is preferably acconplished on a single nonolithic integrated
circuit chip—Although the teaching, exanples, and enbodi nent of this '
description presune serial processing to achieve the desired objectives, it
will be manifest to those skilled int art that the decoder |ogic can be
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ABSTRACT OF THE INV ENTION

A Viterbi decoder (20) for recovering the original bit data stream that
was convolutionally encoded as a code symbol stream in a Code Division
Multiple Access (CDMA) mobile communication system (22). The decoder
(20) simultaneously decodes at the several data rates associated with certain
multirate vocoders. The decoder (20) can decode at an unknown data rate in .
either continuous or framed packet modes. It accomplishes this by
simultaneously decoding at multiple rates and by creating one or more data
quality metrics for each decoded data packet. Special input and output

~buffering is provided to isolate the decoder (50) from system timing

~ constraints. The input buffer (48) includes selection and accumulation logic_
to organize code symbol data into the packet order for repeat mode orj
random burst mode at lower frame data rates. Decoded data packets for each"

- of several predetermined data transfer rates are held in an output buffer (54)
for about half of the decoding cycle, thereby permitting the system -
microprocessor to examine and select the appropriate decoded data packet. -
The décoder (50) also can be reconfigured to operate at any one of several
predetermmed convolutional encoding algorithms.  The Viterbi
decoder (20), implemented as a single monolithic integrated circuit, can be

used in any and all of many different multiuser telecommunications
channels. .
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(20) including an input buffer (48), a decoder (50), and an output buffer
:(54), the nethod including the steps of: receiving a :

portions of said transnission of said code synbol da ﬁth P@ﬂ%ﬁh?ﬁ@ﬁ{TbFffer
(48); decoding any portion of said successive portionsyt+r—satd--deeeder]! (50)

into two or nore packets of decoded bit data, eachi packet rsdmedeyding
decoded bit data correspondi ng to origi-nal bit datla haV|ng said ddta rate
i

; and quality nmetric data representing synbol err ondrtions—in-sai d

any portion and {flata error conditrons 1n sald decou daga; and sqoring
said two orsgore packets in said output buffer (54). ‘TE Lﬂ
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val ue and a nmeasure of the
3076,

representing the results of a conparison between a

probability of decoding said zero state at said each transition between

successi ve franmes of said decoded bit data.

a Quality Metric
.predeterm ned Quality Threshol d

The met hod of d aim
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aEcording to said coding algorithmto create a packet of |ocal code synbol
~data conparing said code synbol data with each of said at |east two | ocal

code synbol data packets to produce a qualitative nmeasure of the nunber
of differences there between; and storing at |east tw qualitative neasures
In said output data buffer (54). 7. The nethod of C aim4, wherein.

frames of data having a first bit dat® rate include packets of encoded data
bits, each packet including cyclic redundancy che B;in4<x’ﬂ;mﬁgﬁe hod
conprising the additional unordered steps of: qﬂgnp@ﬁME@T ©rror rate for
sai d packets of data bits using said T
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cyclic redundancy check bits; producing a qualitative neasure I ndi cating
said error rate; and storing at |least two qualitative measures in said
out put buffer (54). 8. A nmulti-rate decoder (20) for providing decoded
bit data in response to a transm ssion of code synbol data which represents
ori gi nal MtdmarmanadmaramaNeH],WEﬁ@ﬁﬁmmﬁ@@ﬁamuarme
of two or nore predeternined original~ §i - data|rates. the milfl-rlate
decoder (20) conprising: input buffer neans (48) ffo .regeivingland storing
successive portions of said transm ssion of saijd cd&é Synbol-'ddt §; decoder
means (50) coupled to said input buffer neans (48,_LandechLnd any

STATE
¢0,c1=00 00 00 00 00

00
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01

1 o

G0=5, G1=7, k=3, 2 =4 STATES

ORIGINAL 'BIT
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0 | 0 0 0 1 0 0 1 ——————s STREAM
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portion of said successive portion into two or nore packets of decoded bit
.data, each packet including: decoded bit data corresponding to origina
bit data having a data rate ; and quality nmetric data representing synbo
quality conditions in said code synbol data and data quality conditions in
sai d decoded bit data; and 31 ourput buffer neans (54) coupled to said

decoder means for storing said -7 - REPLACEMENT SHEET
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two or nore packets. 9. The nulti-rate decoder of Ctaim@8, wherein: said
. code synbol data are transmitted in frames of predeterm ned tine duration.
10. The nulti-rate decoder of daim9, wherein said code synbol data
represents a series of N err] copies of coded original bit data. 11. The
multi-rate decoder of Claim 10, wherein the transition between each said
successive frame of said code synbol* data is forced to a predetermni ned
state. 12. The nulti-rate decoder of Caim 10, further conprising: quality
metric neans (108) coupled to said decoder nmeans for producing a Yanmanoto
Quality Metric representing the results of a conparison
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between a predetermined Quality Threshold val ue and a neasure of

. the probability of decoding said zero state at said each transition between
successive frames of said decoded .bit data. 13. A nethod in a

canmmuni cation systemin which code synbol data representing original bit
data according to a first coding algorithmare transmtted in one or nore
channels at one of a first plurality & Ppredetermined original bit data

rat es , either continuously in a first node or in frames of '
predetermned tine duration in a second node, each said frame representing
a first version and (N err]-1) repeated versigns of..coded-original bit

data, said method for recovering said original pit_data fromsaid,code
synbol data by creating decoded bit data correqun#{ggp&gmﬁqnmgﬁiPst
version of said original bit data, said nethod ponprising the-unofdered

) LAy 40
£ AR 48G

DBR RATE DBR bit selected rows
DBR bit value -> 0 1

172 DBRO | 0, 2,3
1/2 DBR1 45 6,7
1/2 DBR2 8.8 10,11
1/2 DBR3 12,13 14,15
1/2 DBR4 16,17 18,19
1/2 DBRS 20,21 22,23
1/2 DBRS 24,25 26,27
172 DBR7 28.29 3031 ]
174 DBR3 DBRO DBR1
174 DBRS DBR2 DBR3
174 _DBR10 DBR4 D8RS
174 DBR11 DBR6 DBR7
1/8 DBR12 DBR8 DBRY
1/8 DBR13 DBR10 DBR11
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14. The nethod of C aim 13 conprising the additional unordered steps of:
(d) recoding each of said at |east two decoded bit data packets according
. to said first coding algorithmto create a packet of |ocal code synbol data
; (e) conparing said code synbol data with each of said at |east two | oca
code synbol data packets to create a qualitative neasure of the
nunber of differences therebetween; -ald (-f) storing.each of said at |east

two qualitative nmeasures in said output data buﬁgffqr;\(;gm-[ g@[{r The
met hod of Claim 13 or 14 wherein said decoding $t B)-conprises|the
unor dered steps of: - B2 MAR 1987
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(b.1) assigning at |east one symbol netric value to each of said code
. Synbol data in accordance with a second coding algorithm (b.2) assigning
branch netric values representing the original data bit transition
probability corresponding to each said code synbol datumin accordance wth
sel ected ones of said synbol netric vaIBues; (b.3) agsigning state netric
val ues representing the original datalBit transitioh B HM; A
corresponding to said code synbol datumin accordancg&rpﬁ,ﬁ' '{églrs‘qﬁﬁtéf t he
nost probably preceding said state #etric val ue and shid branch netlri
val ue therefrom (b.4) storing said®tate netric val UE:giSn?‘%ﬂﬁp&iﬁi n‘e# ry

(126); and (b.5) selecting the nostxprobabl e val ue [f ok_each sai d orfi gi nal
data’bit in accordance with the mosg probable saidstate netric valu
corresponding to a 9 ~ § SR
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deci sion path chain preceding the nost probabl e said state netric value
cédrresponding to said each code synbol in said path nenmory (126). 16.
nmet hod of Claim 13, 14 or 15 wherein said code synbol data are trag @L
continuously in said first node at one of said original bit RERLAVERE

(Rlerr]).

17. The nethod of Claim 138 14 or 16 wherein said code sy

date represents a series of Nerr] copies of each said coded original

bit.

.conplete code

BEoReloIRd hld Pl Intlitsel BlERERsSOFTas Sy ent6R’ osent 2

ta versiogn fo a sequence

rst ori
(N[err] .1) repcReferng t@nglgaﬁd conirplier 62 eravides taming agdrramtm tstaakes

ver si-on.

prowdes a series of strobe and enabling signals based on this internal clock

~ rate. These control signals can be initialized by a reset for testing purposes

but, in normal operation, they sequence through a fixed set of operations

- responsive to the DECMODE 51gnals on bus 68 and then return to an idle

state. The control signal sequence begins again after each decoder
synchronization strobe on line 70 (Fig. 7). A chain validation signal
indicating valid chainback data operates to enable the RSTB strobe on
line 150, which initializes data transfer to OB 54. Controller 62 and
microprocessor interface 58 contain the microprocessor control registers
necessary for proper operation, including the pin control and reset register.
Special self- testing logic is also included in these two elements. .

The actual implementation of the internal modules for each of the
above described elements of SVD 20 can be accomplished in any useful
manner known in the art but is preferably accomplished on a single
monolithic integrated circuit chip.

Although the teaching, examples, and embodiment of this description
presume serial processing to achieve the desired objectives, it will be
manifest to those skilled in the art that the decoder logic can be replicated
into multiple parallel decoders which operate concurrently to provide as
many outputs as there are data rates in a transmission system.

The invention may also be varied, for example, by using cyclic
redundancy coding for as many data rates as system considerations demand.

Clearly, other embodiments and modifications of this invention will
occur readily to those of ordinary skill in the art in view of these teachings.
Therefore, this invention is to be limited only by the following claims,
which include all such embodiments and modifications when viewed in
conjunction with the above specification and accompanying drawing.

The
tted

nbol
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for SVD 20. SVD 20 runs at the internal CHIPX8 clock rate and controller 62 |



REPLACEMENT SHEET 33 19. - A multirate decoder (20) in a connunlcaiéégmthla“_ﬁ
'system (22) in which code synbol data representing original bi t Ré

according to a first coding algorithmare transntted at any one of a first
plurality of. predeterm ned original bit data rates, either continuously in

a first node or in frames of predeterm ned tine duratlon in a second node,

each said frane representing a first versilon and repeated versions of coded
original bit data, said nultirate decoder (20) creating decoded bit data

correspondi ng to sai Qufty NITERBIDPEQOMERFORIat a at an

T e e e

REPLACEMENT SHEET

13 OCT 1999

BACKGROUND OF THE INVENTION

L Field of the Invention :
This invention relates generally to systems for decoding serial digital
- data streams in a noisy channel and, more specifically, to a convolutional
Viterbi decoder for sequential decodmg at multiple predetermined data
rates.

IL . Description of the Related Art

'In the digital communications art, it is well-known that data may be
transmitted sequentially either continuously or in frames of a constant time
duration T, each frame embracing a fixed number of bits N limited to the
product of the sequential transmission rate and frame duration T. However,
In certain communication systems, it is desirable to transmit fewer than N
data during selected frames. One such system is a Code Division Multiple _
Access (CDMA) communications system, which employs direct sequence
spectrum spreading techniques.

US-A-5,103,459
discloses such a CDMA system for cellular telephone
applications. o

In a CDMA system, system capacity is limited by the total

interference within the transmission frequency band. The total interference
includes the signals of other users, which consist primarily of vocoder data
(digitized voice). To reduce the user interference levels as much as possible,
the CDMA system disclosed “in US-A-5 103 459  employs variable-rate
vocoder data adapted for transmission in data frames of fixed time duration.



safd code synbol data; decoder rfeans (50) cou W;ﬁ@ﬁwm SHEET
‘means (48) for creating a packet of decoded bitRERAGEVENT eShiiddiing t o each

of at least two said predeterm ned original biit fdataTates responsi ve
to said code synbol data; and out put buffer ans 547""61(}{}%6:1 jo said
decoder neans (50) for storing said at |east two ackef's $ai d decoded
bit data. REPLACEMENT SHEET 20. A Tul tir&te decodeér of c alm 19 for

decod ng code s?/ r;bs(c)elvegaelltrgd[xgg Iv\éggder data rates, ts-provided in the
frame data to support transmission of data througnout the entire frame.
_ _Th_us, for a frame in which the full data rate is reduced, the fewer than N
o original data symbols are repeated as necessary to fill the frame with N
symbols. Although repetition of the lower-rate data provides the same
interference levels as the full data rate at the same transmission power, the
" redundant information within a framie permits the transmission power to
be reduced accordingly for equivalent "information power" or energy per
- symbol. This technique reduces interference levels to increase system
capacity as much as permitted by vocoder redundancies.
Alternatively to repetiﬁon of data at reduced power, lower-rate data
may be transmitted once only within a single frame without reducing
~transmission power. This technique produces a full-power transmission
-during a fraction of the frame and no transmission during the unused frame
portion. The data block to be transmitted in a frame may be merely placed at
the beginning of the frame or at another predetermined fixed position
within the frame. However, in a CDMA system with many users, a more
sophisticated block placement procedure is required to evenly distribute the
interference from many other users throughout the entire frame.
Unnecessary overlap in data transmission by many users would

unnecéssarily increase system interference levels over the optimal average
level.

. The exemplary CDMA system may also be understood with reference
to "PROPOSED EIA/TIA INTERIM STANDARD: WIDEBAND SPREAD
SPECTRUM DIGITAL CELLULAR SYSTEM DUAL-MODE MOBILE
STATION-BASE STATION COMPATIBILITY STANDARD", Qualcomm, "
Inc., San Diego, California, April 21, 1992. This CDMA system standard
specifies five basic channel data modes for both forward and reverse link
traffic. There are three forward link modes and two reverse link modes.
Depending on the particular data channel mode, one of two different
convolutional coding algorithms is specified. Two are continuous modes
and three are packet modes wherein sequential data is organized into fixed
frame intervals. Three modes operate at only one of several predetermined



at ‘an I nput to yeild decoded bit data at an o f rame
-representing a first version and (Nerr]) rep RECUAVEVE 'i‘"bméitﬁf REEE @CE

original bit data, where N err] and i are nontzgro-posttive—hnt gger M%VTdSHE T
i nput buffer neans (48) being coupled to said |hppt»-, faﬂdq@ﬁg d oyt put buffer
means (54) being coupled to said output and tp bkaid decoder neans (50) for
storing said at |east two decoded bit data packets—2t: The pul tirate
decoder of Claim 20 further conprising: first| selection neans (p8) coupl ed

to said.inpufiabufdies aneanso ASded @ eSS\ GraiHE 1o Framd BT ahiltondbf four

decodi ng nod each _coy.res 0,a different sadd first coding
al gorit hm aﬁg TR é‘gjﬂegn‘?%ée{ﬁge Scoupled to said input buffer neans

(48) - This vanety of data rates and channel modes presents a challenging
_ requlremént for any single decoding apparatus. The problem is made more
- difficult by the real-time nature of serial decoding in a spread spectrum
channel. That is, a received sxgnal must be detected, reassembled and

_decoded in real-time. There is no frame space available for conveying
information of the original vocoder data rate. There is little opportunity:to
examine the received signal for several possible data rates and to decide
which particular rate should be decoded for each new frame. Also, it is
desirable to use the same decoding apparatus in all system channel modes to
avoid component proliferation. The CDMA system described in the above-
cited US-A-5 103 359 employs orthogonal Pseudorandom Noise (PN)
cdding, interleaving, Bi-Phase Shift Key (BPSK) modulation with
orthogonal covering of each BPSK symbol together with Quadrature Phase
Shift Key (QPSK) spreading of the covered symbols, and convolutional
encoding for error correction. Each of these many coding techniques
requires a certain amount of decoding activity at the receive side of each
channel mode. Accordingly, there is strong competition for the real-time
resources available to serially decode the convolutionally-encoded symbols
transmitted for error correction purposes.

Decoding techniques for convolutional codes are well-known in the
art and include the Viterbi algorithm for error correction introduced by A.J.
Viterbi ("Error Bounds For Convolutional Codes and an Asymptotically
Optimum Decoding Algorithm", IEEE Trans. Inform. Theory, Vol. IT-13,
No. 2, pp. 260-269, April 1967) and discussed by practitioners such as G.D.
Forney, Jr., ("The Viterbi Algorithm", Proc. of the IEEE, Vol. 16, pp. 268-278,
1973) and J.A. Heller, et al ("Viterbi Decoding for Satellite and Space
Communication”, IEEE Trans. Commun. Technol., Vol. IT-19, No. 5, PP-
835-848, Oct. 1971). '

Practitioners have improved the Viterbi algorithm in response to
various special requirements. For instance, Hirosuke Yamamoto, et al
("Viterbi Decoding Algorithm for Convolutional Codes With Repeat
Request”, IEEE Trans. Inform. Theory, Vol. IT-26, No. 5, pp. 540-547, Sept.
1980) disclose a Viterbi decoding algorithm with a quality metric for repeat
request. Their system offers the same performance when a receiver can use
a feedback channel to request retransmission as does a convolutional code
having a longer constraint length without feedback. Yamamoto, et al add a




for selecting one of said first and second channel nodes corresponding to
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23.

L =

- L A method of providing decoded bit data in response to a
‘transmission of .code symbol data which represents original bit data having a
data rate'R;, where R; is one data rate of two or more predetermined original

~ bit date_rates, the method being executable using a decoder apparatus

‘(20‘) includi ng an input buffer-(48), a decoder (50), and an éutput buffer (54), the method

including the steps of:

receiving and storing successive portions of said transmission of said
. code symbol data in said input buffer (48);

decoding any portion of said successive portions in said decoder (50)
into two or more packets  of decoded bit data, each packet including:

decoded bit data  corresponding to original bit data having
said data rate " ; and

quality metric data - representing symbol error conditions in
said any portion and data error conditions in said decoded bit data;
and
storing said two or more packets in said output buffer (54).

2. The inet'hod of Claim 1, wherein said decoder (50) is a
convolutional decoder.

3. The method of Claim 1 further including, prior to said step of
receiving and storing:

transmitting said code symbol data in frames of predeterrmned time
duration.

4, The method of Claim 3, wherein the transition between each
said successive frame of said code symbol data is forced to a predetermined
state.

S. The method of Claim 4, wherein said quality metric data
representing data error conditions in each said frame of said decoded bit data
includes:

a Quality Metric representing the results of a comparison
between a predetermined Quality Threshold value and a measure of
the probab111ty of decoding said zero state at said each transmon between

successive frames of aid decoded bit data | NER 0 T |II|
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method further including the steps of

recoding each of said at least two decoded bit data packets

: aé;orchhg to said coding algorithm to create a packet of local code

symbol data  ;

comparing said code symbol data with each of said at least two

local code symbol data packets

to produce a qualitative measure

+ of the number of differences there between; and
storing at least two qualitative measures in said output

data buffer (54).

7. The method of Claim 4, wherein frames of data havmg a first
bit data rate include packets of encoded data bits, each packet including cyclic
redundancy check bits, the method comprising the addiﬁoqal unordered

_ indicating said error rate;

. steps of:
determining an error rate for said packets of data bits using said
cyclic redundancy check bits;
producing a qualitative measure
and '
storing at least two qualitative measures ~ in said output
buffer (54).

8. A multi-rate decoder (20) for providing decoded bit data in response

to a transmission of code symbol data which represents original bit data
having a data rate R;, where R; is one. data rate of two or more

predetermiried original bit data rates, the multi-rate decoder (20) comprising:
input buffer rr_ieans (48) for recéiving and storing successive portions of

said transmission of said code symbol data;

decoder means (50) coupled to said input buffer means (48) for decoding any
portion of said successive portiorn into two or more packets of decoded

bit data, each packet - including:

decoded bitdata  corresponding to original bit data having a

datarate ;and

quality metric data  representing symbol quality conditions in
said code symbol data and data quality conditions in said decoded bit

data; and

o
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~ means (50) conprises: synbol netric nme *s:*&ﬁ{j—«-f—e{ gl ng a synbol
metric val ue to each sai d code synmbol ifnRERICSHEMTTeSHEE [a second codi ng
al gorithm branch nmetric cal cul ator nedng-(99)y—couptee4t ¢ sai d synbol
metric neans (88) for creating a pair ¢f br{aﬁchﬁ%pgc val ues representing
the weighted probability for an ori g'&n | idata bi't T njsi i on correspondi ng
to said each code synbol from said™i nput—buffer— i (48), responsive to
the corresponding said synmbol netric value; decision path neans (106)
coupl ed to said louamehbnefer imearsd G4} awlg gH{eggpr £ PreSOTIAg SEAd

storing a state rd IS val ue for each possible original data bit
transition correg%%néf?ﬁg?ggag‘gél}% each code synbol from said

S. The multi-rate decoder of Claim 8, wherein:
said code symbol data are transmitted in frames of predetermined
. time duration.

10.  The multi-rate decoder of Claim 9, wherein said code symbol
data represents a series of Nj copies of coded original bit data.

11. The multu-rate decoder of Claim 10, wherein the transition
between each said successive frame of said code symbol data is forced to a
predetermined state.

12. The multi-rate decoder of Claim 10, further comprising:
quality metric means (108) coupled to said decoder means for producing a .
Yamamoto Quality Metric _ representing the results of a comparison
between a predetermined Quality Threshold value and a measure of
the probability of decoding said zero state at said each transition between
successive frames of said decoded bit data.

~13. A method in a communication system in which code symbol data

representing original bit data according to a first coding algorithm are

transmitted in one or more channel$ at one of a first plurality of
predetermined original bit data rates ', either continuously in a first

mode or in frames of predetermined time duration in a second mode, each
said frame representing a first version and (Nj;-1) repeated versions of coded

original b-it data, said method for recovering said original bit data from said

code symbol data by creating decoded bit data corresponding to said first
version of said original bit data, said method comprising the unordered
steps of:

(a) receiving and storing at least one said frame of code symbol data in
an input data buffer (48);

(b) decoding said code symbol data to create a packet of said
decoded bit data corresponding to each of at least two of said first plurality of
predetermined original bit data rates  :; and

(c) storing said at least two decoded bit data packets  in an output

L
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sion followed by a

(d) re‘:odm<7 each of said at least two decoded bit data packats

~ according to said first coding algorithm to create a packet of local code

symbol data

(e) comparing said code symbol data with each of said at least two local
code symbol data packets = to crfate a qualitative mieasure _ of the

number of differences therebetween; and

(f) storing each of said at least
output data buffer (54).

two qualitative measures in said

15, The method of Claim 13 or 14 wherein said decoding step

(b) comprises the unordered steps of:

(b.1) assigning at least one symbol metric value to each of said code
symbol data in accordance with a second coding algorithm;
(b.2) assigning branch metric values representing the original data bit

. transition probability corresponding

‘to each said code symbol datum in

accordance with selected ones of said symbol metric values;
(b.3) assigning state metric values representing the original data bit
transition probability corresponding to said code symbol datum in

accordance with the sum of the most
value and said branch metric value th

probably preceding said state metric
erefrom;

(b.4) storing said state metric values in a path memory (126); and

(b.5) selecting the most probable

value for each said original data bit in

accordance with tHe most probable said state metric value corresponding to a
decision path chain preceding the most probable said state metric value
corresponding to said each code symbol in said path memory (12).

16. The method of Claim 13,

14 or 15 wherein said code sywbol data are

transmitted continuously in said first mode at one of said original bit data

rates {R;}.

17. The method of Claim 13, 14 or 16 wherein said code symbol data

represents a series of Nj copies of each said

coded original data bit.

18.  The method of Claim 16 wherein code symbol data represent a
complete coded first original bit data version followed by a sequence of (N;-

1) repetitions of said complete coded fi

rst original bit data version.
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19. A multirate decoder (20) in a communication system (22) in which code
symbol data representing original bit data according to a tirst coding algorithm are
transmitted at any one of a first plurality of predetermined original bit data rates, either
continuously in a first mode or in frames of predetermined time duration in a second
mode, each said frame representing a first version and repeated versions of coded original
bit data, said multirate decoder (20) creating decoded bit data corresponding to said first
version of said coded original bit data at an output, said multirate decoder (20)
comprising:

input buffer means (48) for accepting and stori ng at least one said frame of
said code symbol data;

. deéqder means. (50) coupled to said input buffer means (48) for creating a
packet of decoded bit data corresponding to each of at least two said °
p;edetermined. original bit data rates - responsive to said code symbol
data}; and

output buffer means (54) coupled to said decoder means (50) for
storing said at least two packets  ° of said decoded bit data.

REPLACEMENT SHEET
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20. A multirate decoder of claim 19 for decoding code- synbol data received
at an mput Jeﬂd decoded bit data at an output,

: each
' said frame representing a tirst version and (Nj-1) repeated versions of coded

original bit data, where Nj and i are non-zero positive integers,

said input buffer means. (48) being coupled to said .input; and

said output buffer means (54) being coupled to said output and to said
decoder means (50) for storing said at least two decoded bit data packets. -

21. The multirate decoder of Claim 20 further comprising:
first selecnon means (68) coupled to said Anput buffer means (48) for selecti ng
one of a pl urality of decoding modes each’ correspond1 ng to a different sadd

first coding algorithm; and

second selection means coupled to said input buffer means (48)
for sedecting one of said first and second channel modes corresponding to

continuous and framed original bit data.

22.  The multirate decoder of Claim 19 or 20 further comprising:
symbol transfer means (82, 52) “in said input buffer means (48) for selecting
a set of said code symbol data corresponding to said first version of said '

original bit data for each of at least two of said.predetermined original bit
data rates and for transferring said set to said sequential decoder

means (50).

23. The multirate decoder of Claim 19, 21 or 22 further comprmng

HIIIIII (1) HIII Il lIIl
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quality metric means (¥4) ih"s(L-id'-decut!er"ffEa“n“‘s’"{‘SG)“Fcﬁreating a quality
measure for each said decoded bit data packet said quality measure representing the nurter of
" . code symbol data errors accociated with said each decoded data bit packet.

 24.  The multirate decoder of Claim 23 wherein said quality metric
means comprises:
data recoder means (138) for recording each of said at least two decoded bit
data packets  according to said first coding algorithm to create a packet of
local code symbol data  ;and .
' comparison means (140) coupled to said data recdder means (138) for comparing
each said local code symbol data packet with each said code symbol data
set ' and for counting the number of differences therebetweer.

2. The multirate gj_écoder of Claim 19, 21 or 24 wherein said decoder means
(50). camprises: -
~ symbol metric means (88) for assigning a symbol metric value to each said
_code symbol in accordance with a second coding algorithm;:

‘branch metric calculator means (90) coupled to said symbol metric means (88)
for creatdng a pair of branch me_zh*ic values representing the weighted
probability for an original data bit transition corresponding to said each code
symbo_l from said input buffer means, (48), responsive to the corresponding said °
symbel metric value;

decision path means (106) coupled to said branch metric calculator means (90)
for creating and storing a state metric decision value for each possible
original data bit transition corresponding to said each code symbol from said
input buffer méans (48), responsive to the torresponding said branch metric
values; and

path cham-back means (120) coupled to said decision path means (106) for
selectm_g the most probable decision path for each said original data bit
transition and for creating a corresponding said decoded data bit.

2. The multirate decoder of Claim 19, 21 or 25 embodied essentially in a
single monolithic integrated circuit.

27, The multirate decoder of Claim19; 21, 24 or 26 wherein said code
symbol data represent a series of Nj copies of each said coded original data bit.

27. The multirate decoder of Claim 19, 21, 24, 26 or 27 wherein said

cade symbol data represent a complete coded first original bit data version foHowed by a
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sequence of (Nj-1) repetitions of said complete coded first original bit data
version.
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"MULTIRATE SERIAL VITERBI DECODER FOR
CODE DIVISION MULTIPLE ACCESS SYSTEM APPLICATIONS

ABSTRACT OF THE INVENTION

A Viterbi decoder (20) for recovering the original bit data stream that
. was convolutionally encoded as a code symbol stream in a Code Division
Multiple Access (CDMA) mobile communication system (22). The decoder
- (20) simultaneously decodes at the several data rates associated with certain
multirate vocoders. 'The decoder (20) can decode at an unknown data rate in
either continuous or framed packet modes. It accomplishes this by
simultaneously decoding at multiple rates and by creating one or more data
quality metrics for each decoded data packet. Special input and output
buffering is provided to isolate the decoder (50) from system timing
- constraints. The input buffer (48) includes selection and accumulation logic
to organize code symbol data into the packet order for repeat mode or
random burst mode at lower frame data rates. Decoded data packets for eaéh
of several predetermined data transfer rates are held in an output buffer (54)
for about half of the decoding cycle, thereby permitting the system
microprocessor to examine and select the appropriate decoded data packet.
The decoder (50) also can be reconfigured to operate at any one- of several
predetermined convolutional encoding algorithms. The Viterbi
decoder (20), implemented: as a single monolithic integrated circuit, can be
used in any and all of many different multiuser telecommunications

channels. - : .

FIGURE 5 . REPLACEMENT SHEET




