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CACHED CHAINBACK RAM FOR SERIAL VITERBI DECODER 

BACKGROUND OF THE INVENTION 

5 

I. · Field of the Invention 

The invention generally relates to serial Viterbi decoders and in 

particular to serial Viterbi decoders for use within Code Division Multiple 

10 Access (CDMA) wireless communication systems. 

II. Description of the Related Art 

FIG. 1 is an illustrative block diagram of a variable rate CDMA 

15 transmission system 10 described in the Telecommunications Industry 

Association's Interim Standard TIA/EIA/IS-95-A Mobile Station-Base 

Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum · 

Cellular System. This transmission system may be provided, for example, 

within a base station of a cellular transmission system for use in 

20 transmi~g signals to mobile telephones within a cell surrounding the base. 

station. 

-: An input line 11 provides a speech or data signal which may be 

analog or digital. In the following example, it will be assumed :that the input 

25 signal is a speech signal. The input line may be an analog or digital public 

switched telephone network (PSTN) line or other speech signal source. If the 

input speech signal is analog, the signal is sampled and digitized by an 

analog to digital converter (not shown). A variable rate data source 12 

receives the digitized samples of the speech signal and encodes the signal to 

30 provide packets of encoded speech of equal frame lengths. Variable rate 

data source 12 may, for example, convert the digitized samples of the input 

speech to digitized speech parameters representative of the input voice 

signal using Linear Predictive Coding (IJ>C) techniques. In one 

embo~iment, the variable rate data source is a variable rate vocoder as 

35 described in detail in U.S. Patent No. 5,414,796. Variable rate data source 12 

provides variable rate packets of data at four possible frame rates 9600 bps, 

4800 bps, 2400 bps and 1200 bps, referred to herein as full, half, quarter, and 

eighth rates. Packets encoded at full rate contain 172 information bits, 

samples encoded at half rate contain 80 information bits, samples encoded at 
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quarter rate contain 40 information bits and samples encoded at ~ighth rate 

contain 16 information bits. The packets regardless of size all are one ~rame 
length in duration, i.e. 20 ms. Other systems may employ other data rates or 
packet sizes. Herein, the terms "frame" and "packet" may be used 

5 interchangeably. 

The packets are encoded and transmitted at different rates to compress 
the data contained therein based,. in part, on the complexity or amount of 
information represented by the frame. For example, if the input voice signal 

10 includes little or no variation, perhaps because the speaker is not speaking, 
the information bits of the corresponding packet may be compressed and 
encoded at eighth rate. This compression results in a loss of resolution of 
the corresponding portion of the voice signal but, given that the 
corresponding portion of the ·voice signal contains little or no information,. 

15 the reduction in signal resolution is not typically noticeable.· Alternatively, 
if the corresponding input voice signal of the packet includes much· 
information, perhaps because the speaker is actively vocalizing, the packet is 
encoded at full rate and the information bits of the packet are not 
compressed at all. 

20 

. This compression and encoding technique is employed to limit, on. 
the average, the amount of signals being transmitted at any one time to · 
thereby allow the overall bandwidth of the transmission system to .. be 

utilized more effectively to allow, for example, a greater number of · 
25 telephone calls to be processed at any one time. 

The variable rate packets generated by data source 12 are provided to 

packetizer 13 which selectively appends cyclic redundancy check (CRC) bits 
and tail bits. The variable rate packets from packetizer 13 are then provided 

30 to encoder 14 which encodes the bits of the variable rate packets for error 
detection and correction purposes. In one embodiment, encoder 14 is a rate 

1/3 convolutional serial Viterbi encoder. The convolutionally encoded 
symbols are then provided to a modulator 16 which generates a modulated 

signat An implementation of a CDMA modulator is described in detail in 
35 U.S. Patent Nos. 5,103,459 and 4,901,307. The modulated signal is then 

provided to digital to analog converter 22 for conversion to an analog signal, 

then provided to transmitter 24 which upconverts and amplifies the signal 

for transmission through antenna 26. 
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FIG. 2 illustrates pertinent components of a mobile telephone 28 or 

other mobile station receiving the transmitted signal. The signal is received 

by antenna 30, downconverted and amplified, if necessary, by receiver 31 and 

5 demodulated by a demodulator 32 into a stream of symbols which remain 

convolutionally encoded. The signal is then provided to a serial Viterbi 

decoder 34 which decodes a convolutionally encoded stream of symbols. 

The decoder also subdivides the· received signal into packets and determines 

the corresponding frame rate for each packet. The frame rate may be 

10 determined, for example, by detecting the duration of individual bits of the 

frame. Aspects of an exemplary serial Viterbi decoder are described in co­

pending U$. Patent Application 08/126,477 filed September 24, 1993, 

assigned to the assignee of the present invention and incorporated by 

reference herein. 

15 

To decode the stream of symbols, decoder 34 employs a branch error 

metric block 36 which receives symbols from the demodulator and an Add 

Compare Select block (ACS) 38 which produces decision bits based upon the 

symbols. To enhance performance, the decoder chains back from what it 

· 20 considers the best state metric using a chainback block 40 which process.es the 

decision bits received from ACS 38. In each process cycle, 2K-l decision·. bits 

are stored by the chainback block in a chainback RAM 41 wherein K is the 

constraint length of the code employed by the encoder. · The state with ·the 

lowest best state metric is passed from the ACS to the chainback block as the 

25 best state. 

-Once L process cycles have. elapsed, chaining back begins. The 

chainback operation is controlled by a chainback controller 42~ The process 

of chaining back is performed by reading from the chainback RAM the 

30 decision bit for the best state for the previous process cycle (L-1). The read 

decision bit is shifted into the least significant bit of best state. The chainback 

block next reads from the chainback RAM the decision bit corresponding to 

the new value of best state for process cycle L-2. This process is performed a 

total of L times ultimately reading the decision bit of the calculated best state 

35 for process cycle 0. The final decision bit is the decoded information bit. 

Each bit that is read modifies the address of the subsequent read. In the next 

process cycle, L+ 1, the whole procedure is repeated again, reading state 

decision bits from process cycles L down to 1. This continues for as many 
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process cycles as necessary to retrieve the required number of information 

bits for the particular system. 

Specific examples of chainback operations are illustrated in FIG. 3. If 

5 the first chainback occurs after 4 process cycles and the best state is 101 after 

four process cycles, then the reads performed to complete the chainback 

process are· those shown by entries shaded in gray. First state 101 of process 
cycle 3 will be read, then state 011 of process cycle 2, then state 111 of process 
cycle 1, then state 110 of process cycle 01 resulting in an output decision bit of 

10 0. At the beginning of process cycle 5, if the best state is 010, then the first 
read results in the best state being set to 101. Hence, the next three reads will 
follow the same path as before, namely the patJ:i. of entries shaded in gray. 
This time though the output decision bit is read from· the process cycle 1 
entry thereby resulting in a decision bit of 0. At the beginning of process cycle 

15 6, if the best state is 001, then the first read results in the best state being set to 
010. Hence, the next three reads will again follow the same path as before. 
This time the output decision bit is read from the process cycle 2 entry 
thereby resulting in a decision bit of 1. 

20 Referring back· to FIG. 2, ultimately, decoder 34 provides a decoded 
pa~ket along with a signal identifying a detected frame rate for the packet.' 
Both are forwarded to a frame quality check unit 43 which attempts to verify 
that no transmission errors or frame rate detection errors occurred. Jn the, 

. . 

exemplary embodiment, frame quality check unit 43 performs a CRC, a. 
25 symbol error rate check and a Yamamoto metric check. To .perform the 

symbol error rate check, frame quality check unit 43 re-encodes symbols 
found in the decoded packet and compares the re-encoded symbols with 
symbols input to the frame quality check unit to detect any differences. To 
perform the Yamamoto metric check, frame quality check unit 43 applies the 

30 received frames to a trellis path decoder and determines whether a resulting 

metric is acceptable. Acceptable frames are routed to a speech decoder 44 for 
conversion back to digitized voice signals. The digitized voice signals are 
converted to analog signals by a digital to analog converter (not shown) for 

u]timate output through a speaker 46 of the mobile telephone such that an 

35 operator of the telephone can hear the speech signal that had been originally 

input to the overall system along line 11 of FIG. 1. 
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Although not shown, the mobile telephone of FIG. 2 may have 

additional components for inputting an analog speech signal fro~ · the 

operator of the mobile telephone and for processing and transmitting the 

signal using CDMA techniques. The ·additional components of the mobile 

5 telephone may be similar to the components shown in FIG. 1. Moreover, 

although not shown, the transmission system of FIG. 1 may have additional 

components provided for receiving the transmitted signal from the mobile 

telephone and for processing and outputting the signal as an analog or 

digital speech signal, perhaps onto a PSTN line. The additional components 

10 of the system of FIG.1 may be similar to the components shown in FIG. 2. 

Thus an important component of the overall system is the serial· 

Viterbi decoder provided for decoding the transmitted symbols. As noted, 

decoder 34 exploits a chainback operation to enhance performance. To gain 

· 15 a significant enhancement in performance the length of the chainback is 

preferably at least 3 to 5 times the constraint length of the encoder (K=9 for 

CDMA) with better performance With larger chainback depth. However, the 

larger the length of·the chainback, the greater amount of circuit area and 

power required to implement the chainback. Larger circuit area is required 

20 as because a '-larger memo·ry is required to store the decision bits of the 

'chainback. For example, 'for a constraint I< encoder, 2K·l decision bits are 

stored for each information bit. With a chainback depth of L, L •12I<·l bits need 

tO be stored. Greater power is required because, in order to generate one bit 

of data, the chainback block needs to perform L reads. Also, a greater delay 

25 occurs before the chainback operation is completed. Although described 

with respect to a CDMA system employing a serial Viterbi decoder, similar 

problems can occur in most systems employing serial Viterbi decoders and 

in related decoder systems as well. 

30 Accordingly, it would be desirable to provide a technique for 

substantially reducing the power usage and processing time of the chainback 

block while only requiring a small increase in area and it is to that end that 

aspects of the present invention are primarily drawn. 
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SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention, an improvement is 
provided within a serial Viterbi decoder for decoding a convolutionally 
encoded stream of symbols using a chainback memory which stores a 
plurality of decision bits for each of a plurality of process cycles. The 

10 improvement comprises a chainback cache, connected to the chainback 

memory, for storing a sequence of decision bits determined by a previous 
process cycle. 

In one exemplary embodiment, the serial Viterbi decoder includes a 
·• 15 branch error metric block, an ACS, and a chainback block including a 

chainback RAM, a full chainback cache and chainback controller circuitry. 

The chainback cache is configured to cache on all reads.• In another 
·exemplary embodiment, a fuli chainback cache is not provided~· Rather, the .. · 
chainback ·block instead includes an L+ 1 bit RAM, an updown counter .and a 

20 shift register configured to emulate a _chainbacl< cache. In still another 
exemplary embodiment, an L bit shift register is employed instead of the · · 
combination of the L+l bit RAM and updown counter. In the various 
embodiments, the chainback block may be configured to perform .only one 
chainback read in each process cycle or may be configured to perform m 

· 25 · chainback reads in each process cycle before attempting to use the cache. In 
·still other embodiments, the chainback block is configured to perform a 

through b reads during each chainback operation, wherein after a reads, the 
cache is checked for each subsequent read until b reads have been performed 
or until a match is obtained. In still further embodiments, the chainback 

30 block is configured to perform chainback operations over multiple process 
cycles rather than only a single process cycle. Combinations of features of 
these embodiments may be appropriate as well . 

.In the various exemplary implementations,· by providing circuitry for 

35 caching decision bits from previous process cycles, significant savings in 

power consumption and processing time are typically achieved, with only a 
relatively modest increase in the amount of circuitry required. 
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Method and apparatus embodiments of the invention are described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 

become more apparent from the detailed description set forth below when 

· taken in conjunction with the drawings in which like reference characters 

identify correspondingly throughout and wherein: 

HG. 1 is an block diagram illustrating pertinent components of a 

variable rate CDMA transmission system; 

HG. 2 is an block diagram illustrating pertinent components of a 

15 mobile telephone or other mobile station receiving the signal transmitted by 

the CDMA transmission system of HG. 1 and decoding the signal using a 

serial Viterbi decoder with a chainback block; 

FIG. 3 is an diagram illustrating a chainback operation performed by a 

20 chainback block of the mobile telephone of 'FIG. 2; 

FIG. 4 is an block diagram illustrating, at a high level, pertinent 

components of a mobile telephone or other mobile station configured in 

accordance with an exemplary embodiment of the invention wherein a 

25 serial Viterbi decoder having a chainback block ·with chainback cache is 

provided; 

30 

FIGS. SA and SB illustrate in detail a first embodiment of a chainback 

block of the mobile telephone of FIG. 4; 

FIGS. 6A and 6B illustrate in · detail a second embodiment of a 

chainback block of the mobile telephone of FIG. 4; and 

. FIGS. 7 illustrates in detail pertinent portions of a third embodiment 

35 of a chainback block of the mobile telephone of FIG. 4. 
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DETAILED DESC:RIPTION OF THE PREFERRED 
~MBODIMENTS . 

.. ; 

5 With reference to the remaining figures, preferred and exemplary 
embodiments of the inventiqn will npw ·be desci;ihed. 

FIG. 4 illustrates pertinent com.ponents of c;t. mobile telephone 128 or 
other mobile station receiving a transmitted CDMA signal. Portions of 

10 . mobile telephone 128 operate;! in the same manner as the mobile telephone 
of FIG. 2 and will be only bri~y de~cril:>ed. The . QDMA signal is received by 
antenna 130, downconverted ~nd ~mplified, if n~essary, by receiver 131 and 
demodulated by a demodulator 132 into a stream of convolutionally 
encoded symbols. The convQlutiornilly_ encodedf1ym.bols are then provided 

15 to a modified serial Viterbi decoder 134 which dea).des the stream of symbols 
us.ing a branch error metric :block '.1,36, an ACS ;I.~~, a chainback block 140. 
The chainback block includes,. a chainpack ~ ;141, a chainback controller 
142 and a chainbackcache. 14? cdnfigu~d to only ,cache on reads. The state 

. with the lowest best state mf?trlc is . p!lSsed .. from :the ACS to the chainback 
-20 block as the best state where it is stqrecJ in tlt.e tjiainback RAM and is also 

stored in the chain.back cache so th'1;t it can be easily re-accessed. As will be 
described below, the decoder need not actually include a fuU separate cache 

.. memory as show.n in ·FIG. 4 .... How~ver, for. clarity in describing. the oyeral.l 
·· operation of the cached-chainback system, it is first assumed that a full cache . 

25 memory is employed. 

With the cached-chainback system of FIG. 4, the chain back operation 
is performed by reading from chainback . ca<:he 145 the decision bit 
representative of the best ~tate metric if the current beststate metric 

30 calculated after one read in· the new process cycle matches the starting 
beststate metric of the last process cycle. If the , newly calculated beststate 
metric does not match, then conventional chainback is pedormed. More 
specifically, at the beginning of the process cycle, a signal encstate is set to the 
beststate metric. A first decisipn. bit is ·read from the chainback RAM from 

35 the location specified by encstate, and the read bit is shifted into the least 
significant bit of encstate. The new value of encstate is then compared 
against a value called last_beststate which holds the beststate metric for the 
previous process cycle. If the values match,· it is unnecessary to perform the 
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additional L-l f!~,gs to complete the chain bac],<-,nperation. Rather, the final 

bit can simply.,b~ read from the cache. (The signals last_beststate. and 

encstate are not specifically shown in FIG. 4 but are shown in other figures 

described below.) Assuming that the additional L-1 reads must be 

5 performed, the chainback block next reads from the chainback RAM the 

decision bit corresponding to the value of encstate for decision bits written 

during process cycle L-2. This process is performed a total of L times 

ultimately reading the decision bit of the calculated encstate for process cycle 

0. The final decision bit is the decoded information bit. Each bit that is read 

10 modifies the address of the· subsequent read. In the next process cycle, L+ 1, 

the procedure is repeated again, reading state decision bits from process 

cycles L down to 1. This continues for as many process cycles as necessary to 

retrieve the required number of information bits for the particular system. 

15 Once the conventional chainback operation is completed, the entire 

sequence of decision bits generated by the conventional chainback operation 

are stored in chainback cache 145 such that, on the next process cycle, the 

complete chainback operation may not need to be repeated. . More 

specifically, after a first chainback process cycle has been completed then, in 

20 subsequent process cycles, the first read will make encstate assume the value 

it had at the beginning of the previous process cycle and the value · of 

encstate. therefore matches the value of last_beststate. This is not always the 

.case but is true most .of the time because of path convergence properties of · 

convolutional codes. Hence, in a given process cycle, it is· likely that L-1 

25 reads will be the same as the previous process cycle and the final· decision bit 

will be the second to last bit read during the previous process cycle. Hence, 

the provision of the chainback cache permits the decision bits for the L-1 

reads including the final decision bit to be merely read out from the cache, 

rather thari recalculated, thereby enhancing performance. 

30 

Ultimately, decoder 134 provides a decoded packet along with a signal 

identifying a detected frame rate for the packet a frame quality check unit 143 

which attempts to verify that no transmission errors or frame rate detection 

errors occurred using a CRC, a symbol error rate check and a Yamamoto 

35 metric check. Acceptable frames are routed to a speech decoder 144 for 

conversion back to digitized voice signals. The digitized voice signals are 

converted to analog signals by a digital to analog converter (not shown) for 

ultimate output through a speaker 146 of the mobile telephone. Although 



wo·oo108769 

10 

not shown, the mobile telephone of FIG. 4 may have additional components 
for inputting an analog speech signal from the operator of the ~obile 
telephone· and •for processing and. transmitting the signal using CDMA 
techniques. ·The additional components of the·· mobile telephone may be 

· ·. 5 similar to the components shown in FIG. 1. 

Thus, FIG. 4 illustrate~, at a high level, a II\Obile telephone employing 
a ·serial Viterbi decoder having a chainback ~lock with a full separate 
chainback cache configured to cache on reads. . The . logic of the cache 

10 memory inherently operates to maintain a copy of the various read decision 
bits in its own memory. Overl:lll power savings. are achieved so long as the 
power requirements of the cache memory are no greater than the power 
reduction gained by not having to access the chainback RAM as often. . Also; 

15 

20 

overall decode time may be reduced, depending upon the implementation, 
.over implementations without a clulinback cache .. Decode time savings may 
be achieved as a result of the system :performing only. one cache read. when a 

.. match occurs, rather. than. perforlll.ing L-1 aciditional. reacis from the 
•. Qiainback RAM if no, match occurr~d. The reduction in decode time is · 
pctrticularly significant in sy~tems wherein. the chainback RAM is stow and 
the cache is fast. , 

An exemplary compatj~<m between a non-cached chainback block and 
a cached chainback block performance is as follows. For an 1595 rateset 1. 
channel having a frame error rc:tte of 1 %, a non-cached serial Viterbi decoder 
might perform 289 chainback operations with L=63. Note that the last 72 

25 bits of a packet are obtained through a single chainback operation. The total 
number of chainback RAM reads is therefore 289*63=18207. Out of 100 
frames of data, encstate after one ~ad matches previous process cycle's 
bet;tstate an average of about 233 times per frame (out of the 289 chainback 
operations). Thus, the total number of chainbackRAM reads required using 

30 the cached chainback block is only 56*63+233=3761 thereby representing an 
average savings per frame o~ 14446 reads. For an IS95A rateset 2 channel 
having a frame error rate of 1 %, a non-cached serial Viterbi decoder might 
perform 437 chainback operations with L=95. Note that the last 104 bits of a 
packet are obtained through a single chainback operation. Thus, the total 

35 number of chainback RAM reads is therefore 437*95=41515. Out of 23 frames 
of data, beststate after one read matches previous process cycle's beststate an 
average of about 338 times per frame (out of the 437 chainback operations). 
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Thus, the total ;J)_l;1Plber of chainback RAM reac;ie; required using the cached 
~:(~-;;-·-····. . :~~ ..... ;·. 

chainback blockis only 99*95+338=9743 thereby representing an av~rage 

savings per frame of 31772 reads. Actual results may differ depending upon 

the particular system. 

5 The chainback block of FIG. 4 may ·be implemented using any of 

10 

variety of other specific configurations as well configured to provide a· 

further reduction in power usage or a reduction in circuit area or both. 

Some specific exemplary configurations will now be described with reference 

to the remaining figures. 

FIGS. SA and SB illustrate a more efficient implementation of the 

chainback block that can further reduce read accesses to the chainback RAM 

by employing a small L+l bit RAM or register file to store the decision bits 

read each process cycle. The chainback block includes a chainback RAM 2.02., 

15 an L+ 1 bit RAM 204, an updown counter 206 and a shift register 208 · 

interconnected along with various registers and logic gates as shown. After 

L process cycles, the first chainback operation commences. The best state for ·· 

the previous process cycle (beststate) is stored in shift register 208, the;:output 

of which is the value referred to above as encstate. The L bits read fro·m 

20 chainback RAM 202 are stored in L+ 1 bit RAM 204 (with an eXtra bit stored . 

to make the circuitry simpler than if only L bits were stored). A separate 

register 210 is used· to keep track of the previous beststate value which.· 

referred to above as last_beststate. In the next process cycle, the new value of 

beststate is latched in shift register 208. The first read of a process cycle 

25 results in a decision bit which is shifted into the lowest bit of shift register 

208. This bit is also stored in L+ 1 bit RAM 204 as before. If encstate now 

matches last_bestate, then the bit from the smallest/oldest process cycle is 

removed from L+ 1 bit RAM 204 thereby becoming the output bit. This bit is 

the same bit that would have resulted from having performed a complete 

30 chainback operation on the chainback RAM; it is simply obtained with less 

processing time and effort. If, after one read, encstate does not match 

last_beststate, the full chainback operation is performed, simultaneously 

filling L-1 locations of the L+ 1 bit RAM 204. In either case, at the end of the 

process cycle, the previous value of beststate is stored in last_beststate and 

35 subsequent process cycles proceed in the same manner as the process cycle 

just described. By configuring the chainback block with the L+ 1 bit RAM, 
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fewer read operations are required by the chainback RAM thereby further 
reducing power usage of the overall decoder. 

The implementation of FIGS. SA and SB may appear somewhat 
5 complex, but compared with an implementation having a chainback block 

with a cache accessed each pl'Qcess cycle, the chainback block of FIGS. SA and 
SB.only requires the. addition of updown counter 206, L+l bit RAM 204 (or · 
other register file) and the variou.s single bit registers and combinatorial 
logic as shown. Such has the advantage that on process cycles with a match, 

10 only one chainback RAM read needs to be performed rather than L, as well 
as one L+ 1 bit RAM read and write which is relatively insignificant. On 
process cycle mismatches, L chainback RAM reads need to be done as well as 
L ~ites to the L+ 1 bit RAM. These latter writes are not power costly since 
the. memory size is small and since the frequency of mismatches is usually 

15 kept small. If a register file is used, these writes may be even less p·ower 
costly. 

The chainback block of FIGS. SA and SB operates in response to a · 
number of control signals generated by other circuitry not illustrated in 

20 detail. The control si~ls are ·as follows: 

25 

30 

35 

• 
• 

reset: General. reset signal to reset some of the logic . 

beststate: . :This signal 1s obtained from ACS 138 (FIG. 4) and 
iridicates the state with ·the lowest error metric for the last 
process cycle. ··· The · beststate signal changes before 
start_chainback pulses and after done....:.chainback pulses. 

• decision bit: Generated in the ACS. This is the data to be stored 
in the chainback RAM. 

• 

• 

• 

start_chainback: Pulses· at the beginning of each process cycle to 
indicate that a chainback operation may commence. 

done_chainback: fulses at the end of the process cycle when 
the chainback operation is complete. 

enable_cache_read: Enables the small L+l bit RAM or register 
file to be used to obtain the output bit. The enable_cache_read 
signal pulses for 1 ~lock cycle simultaneous with the first cbread 
pulse of each proeess cycle~ 

• cbread: Pulses L times each process cycle to perform L reads 
from the chainback RAM. The first one occurs after 
start_chainback and the last occurs before done_chainback. If 
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th~J,~{is a m~tch, only the first rea,~}.v~JI ~ performed, and the 
remainder will be masked out by the c1rcwt. 

• cbwrite: Pulses each time a decision bit ·is ready to be stored in 
the chainback RAM. 

• 

• 

• 

chram_addr: The normal address that would be driving the 
chainback RAM. For additional power savings, these lines can 
be masked out and held static when the remaining L-1 
chainback RAM reads are skipped. 

do_compare: Internal signal indicating that the results of the 
comparator will be considered, i.e. the chainback block 
compares the current value of encstate to the last process cycle's 
beststate, saved as last_beststate, and makes the determination 
whether a match is made or not. · 

match: Internal signal that indicates that the current value of 
encstate matches last_beststate from the previous process cycle. 

• mismatch: Internal signal that indicates that after the first 
chainback RAM read, encstate did not match last_bestate 

• cbread_muxed: An internal signal resembling cbread except 
that it is masked out when a match is made. 

• 

.: 
• 

read_last_bit: An internal signal that is used to latch the 
output bit from the L+l bit RAM into a register. 

chram_dout: Internal signal that is the read bit from the 
chainback RAM. 

decoded output bit: The decoded output bit. It is identical to 
the final bit that would have been produced from performing 
the full chainback operation each process cyde, although its 
timing may differ. 

·FIGS. 6A and 6B illustrate an implementation similar to that of FIGS • 

.SA and SB but wherein a L bit shift register is employed instead of the 

30 combination of the L+l bit RAM and updown counter. More specifically, 

the chainback block of FIGS. 6A and 6B includes a chainback RAM 302, L bit 

shift register 305, and a shift register 308 interconnected along with various 

registers and logic gates as shown. After the first read in a process cycle, the 

read bit is shifted into shift register 308, the output of which is encstate. If 

35 encstate now matches last_bestate, the read bit is shifted into the upper bit of 

the L·bit shift register and the lowest bit of the· L bit shift register is the 

output bit that would result from the chainback operation. If encstate does 

not match last....:.beststate, then the ·read bit is shifted into the lowest bit of the 

L bit shift register and the remaining L-1 read bits are shifted into the lowest 

40 bit as well. 
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It should be not~d that the L bit shift register needs to be able to shift 
in both directions, i.e. the L bit shift register' of FIGS. 6A and 6B differs fi:om a 
standard shift register in that it includes an additional input left that 
determines the direction to shift. Also, for each bit read from the chainback 

5 RAM, all L bits need to be shifted at once which may increase power 
consumption ·over the implementation of FIGS. SA and SB. In yet another 
embodiment (hot shown), power usage is further reduced by adding 
decoding logic to select each bit sep~ately, with each bit of the shift register 
being separately loadable. Then when L bits are to be stored, storage is 

10 accomplished by loading each bit individually. Hence, the register only 
needs to shift when matches occur (once per process cycle) thereby reducing 
power consumption. In still other embodiments, circuitry is provided to 
check for matches after the first two or more reads of a process cycle to·. 
further increase the probability of a match thereby further reducing decode 

15 time and power usage.· Such !=ircuitry may be employed in the embodiments 
of FIGS. SA and SB or FIGS. 6A and 6B and in other embodiments as well. 

·.. In the implementations thus far· described, the chainback block 
·. circuitry operates in each process· cycle to perform one chainback read before. 

deciding whether to use · the cache or not to complete the chainback 
20 operation. FIG. 7 illustrates an alternative implementation>wherein m 

· · chainback reads are performed in each process cycle before deciding whether · 
to use the cache or not to complete the chainback operation. · More 
specifically, FIG. 7 illustrates the circuitry employed to generate the match · 
signal based on m reads. The circuitry of FIG. 7 may be employed within the 

25 cached chainback blocks of either FIGS. SA and SB or FIGS. 6A and 6B as a 
substitute for the corresponding match signal-generating circuitry shown 
therein. The match circuitry of FIG. 7 operates in a process cycle to perform 
m chainback reads, then to compare the current value of encstate vs. 
encstate saved after m-1 reads. during the previous process cycle. In this 

30 embodiment, the signal enable_cache_read is timed so it pulsed 
simultaneous with the ni'th chainback read. Also instead of saving the 
value of beststate at the beginning of each chainback operation, the value of 
encstate is saved after m-1 reads. The particular choice of m involves a 
tradeoff between the number of reads (m) required each process cycle vs. the 

35 probability of a.match. A larger value of m increases the chance of a match 
after m reads. It should be noted that the circuitry of FIG. 7 receives an 
additional signal save_state for use in latching encstate after m-1 reads. 
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Also, signal do_cp,,rnpare differs slightly from fu~ description above because 

it pulses after m ·:r~~ds .instead of after a single ;:~~~d and is used to also_ latch 

in the value of encstate latched in during the previous read so it is available 

for comparison during the next process cycle. 

5 In yet . another even more general implementation, instead of 

checking the value of encstate after 1 or m reads, in each process cycle, 

encstate is compared after a through b reads, i.e. after a chainback reads, 

encstate is compared with the value of encstate saved during the previous 

process cycle after a-1 reads were performed, then after the next read (a+l), 

· 10 encstate is compared with the value of encstate saved during the previous 

process cycle after a reads were done, etc. until b reads are performed in this 

process cycle. With this implementation, the values of encstate over b-a+l 

states are stored preferably using a shift register. Each successive value of 

encstate is simply a left shift of the previous value of encstate with a new 

15 LSB. The signal enable_cache_read asserts over a range of chainback reads, 

stopping after b reads or once a match was found. The choices of a and b 

allow tradeoffs in terms of complexity and power savings. The 

· implementations of FIGS~ SA and SB or FIGS. 6A and 6B correspond to the 

. ·case wherein a=l and b=l, wherein . one read is performed, hence the 

20 circuitry quickly makes a decision whether · a match occurs or not. The 

· implementation described just above wherein m reads are performed 

corresponds to the case where a=m, b=m, where it takes m reads to make the . 

comparison. 

The particular choice of values for a and b for any given system are 

25 based upon the type of system, the statistics of when convergence is likely to 

occur (i.e. how many reads are typically needed to converge to the path read 

the previous process cycle), the hardware complexity, and the desired power 

requirements. To reduce hardware complexity, b-a should be small. To 

reduce power requirements, a should be small, and the value of b will 

30 depend on the statistics of the system. In general, the larger the value of b, 

the more likely that a match will be found. 

In still other implementations, chainback operations are performed 

over multiple process cycles. In the previously described implementations, 

for clarity in describing. the invention, it was assumed 1 chainback operation 

35 is performed each process cycle. However, each implementation can be 
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modified to perform chainback operations over multiple process cycles. For 

e:icample, in an implementation where a chainback operation occurs e~ery 4 

process cycles, and where the result of such an operation is to produce 4 

decoded bits, enable_cache_read could be triggered to pulse only on the 4th 

5 chainback read. However there is no requirement that such a system 

necessarily be configured to have enable_cache_read pulse only on the 4th 

chainback read. Rather, even if the chain back operation occurred over 4 

process cycles, the determination of when to compare encstate can still be 

governed by the values of a and b. · In this regard, enable_cache_read could 

10 assert 4 times if a match was found resulting in 4 bits of decoded data being 

read from the cache. A slightly different implementation operates to process 

using 4 bit chunks (or any other appropriate chunk size). So that when a 

chain back operation is performed, the system checks after 4 reads if a match 

. occurs. If so, the system reads out the last 4 bits of the cache and outputs 

. 15 those, otherwise the system keeps chaining. back and stores the last 4 reads 

from the chainback RAM. 

Many of -the implementations thus far described relate to traffic .· 

·channel systems wherein packetized information . is processed, i.e. a block of 

· · . data is convolutionally encoded and trailing zeroes are added. at the end to 

20 . , reset the. encoder state between each packet. As a result, the system waits 

.L+K process cycles, :then starts chaining back and then, at the end, the system 

performs one final chain back operation producing L+K bits. Other·. 

implementations of the invention are appropriate for non-packetized traffic 

channels such as synch or paging channels defined under 1595. For non-

25. packetized traffic channels, data is framed but the encoder state .is not reset in 

. between each frame. So the decoder performs a chainback operation every 

process cycle. It should be understood that principles of the invention may 

be exploited in almost any serial Viterbi decoder, regardless of the channel 

type of the overall system. 

30 

The exemplary embodiments have been primarily described with 

refer~ce to diagrams illustrating apparatus elements. Depending upon the 

implementation, each apparatus element, or portions thereof, may be 

configured in hardware, software, firmware or combinations thereof. It 

35 should be appreciated that in some ~es not all components necessary for a 

complete implementation of a practical system are illustrated or described in 

detail. Rather, in those cases only those components necessary for a 
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thorough under~~~nding of the invention .J:~ave been illustrated and 
·.·~~' .. tL. .,.:,,.. ~--.t 

described. Finaiiy/the preceding description of'tfi~ preferred and exemplary 

embodiments is provided to enable any person skilled in the art to make or 

use the present invention. Various modifications to these embodiments 

5 will be readily apparent to those skilled in the art and the generic principles 

defined herein may be applied to other embodiments without the use of the 

inventive faculty. Thus, the present invention is not intended to be limited 

to the embodiments shown herein but is to be accorded the widest scope 

consistent with the principles and novel features disclosed herein. 

IO 

WHAT IS CLAIMED IS: 
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* C L M S * CLAIMS 

1. In a serial Viterbi decoder for decoding a convolutionally 
2 encoded stream of symbols using a chainback memory which stores a 

plurality of decision . bits for each of a plurality of process cycles, an 
4 improvement comprising: 

6 a chainback cache, connected to the chainback memory, for 
storing a sequence of decision bits determined during a previous 

8 process cycle. 

2. A serial Viterbi decoder comprising: 
2 

means for receiving a convolutionally encoded stream of 
4 symbols; 

6 means for generating a plurality of decision bits from the 

8 

10 

convolutionally encoded stream of symbols during each of plurality . 
of process cycles; 

a 'chainback memory means for storing said plurality of 
decision bits for each of said plurality of process cycles, wherein the ·· 

12 means for generating decision bits determines, during each new 
process cycle, a decision bit representative of a best state metric by . 

14 beginning with a current starting best state metric and then 
performing a sequential chainback operation through the plurality of 

16 stored decision bits in the chainback memory means for each of the 
plurality of process cycles; and 

18 

a chainback cache means, connected to the chainback memory 

20 means, for storing a sequence of decision bits accessed during a 
·previous chainback cycle and for outputting the decision bit that 

22 would otherwise have been generated. 
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3. The, ... serial Viterbi decoder of claim 2 wherein the chainback 
cadh~ .means· comprises: ''•' :,·:;. 

means for storing the best state metric for the previous process 

cycle; 

means for storing the sequence of decision bits accessed during 

the previous process cycle; 

IO means for receiving the best state metric for the current process 
cycle; and 

12 

means for comparing a shifted version of the best state metric 

14 for the current process cycle to the best state metric of the previous 
process cycle and, if there is a match, for outputting the earliest 

16 decision bit stored by the means for storing the sequence of decision 

bits accessed during the previous chainback operation. 

4. The serial Viterbi decoder of claim 3 wherein the chainback 
2 cache means operates to perform a through b reads during each 

process cycle, wherein after a reads, the cache means is checked for 
4 each subsequent read until b reads have been performed or untiJ . a 

match is obtained .. 

5. The serial Viterbi decoder of claim 4 wherein a is m and b is m. 

6. The serial Viterbi decoder of claim 4 wherein a is 1 and b is 1. 

7. The serial Viterbi decoder of claim 2 wherein the chainback 

2 cache means comprises: 

4 a latch for storing the best state metric for the previous process 
cycle; 

6 

a left shift register for receiving the best state metric for the 

8 current process cycle; 
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10 a comparator for comparing the best state metric for the 
previous process cycle to a shifted version of the best state metric of 

12 the current process cycle and, if there is a match, for outputting a 
match signal; and 

14 

16 

18 

an L+ 1 bit RAM .for storing the sequence of decision bits 

accessed during the previous chainback operation, wherein Lis the 
chainback length; 

an output circuit, connected to the L+ 1 bit RAM and to the 
20 comparator, for receiving the match signal from the comparator and 

for controlling the L+l bit RAM to output the earliest decision bit 
22 stored therein. 

8. The serial Viterbi decoder of claim 2 wherein the chainback 
2 cache means comprises: 

4 · a latch for storing the best state metric for the previous process 

cycle; 
6 

a left shifter register for receiving the best state metric for the 
8 current process cycle an<'.f. for shifting in decision bits; 

10 a comparator for comparing the best state metric for the 
previous process cycle to a shifted version of the best state metric of 

12 the current process cycle and, if there is a match, for outputting a 

match signal; and 
14 

an L bit shift register for storing the sequence of decision bits 
16 accessed during the previOus chainback operation, wherein Lis the 

chainback length; 

18 

an output circuit, connected to the L bit shift register and to the 

20 ·comparator, for receiving the match signal from the comparator and 
for controlling .the L bit shift register to output the earliest decision bit 

22 stored therein. 
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9. The serial Viterbi· decoder of claim 2 wherein the chainback 

2 cache mecltl~''· comprises: 

4 a left shift register for shifting in the best state metric for the 

6 

8 

current process cycle; 

a plurality of sequential registers for storing previously shifted 

versions of the best state metric; 

10 a comparator for comparing an output of the left shift register 

to an oti.tput of a last one of the plurality of sequential registers and, if 

12 there is a match, for outputting a match signal; and 

14 an L+l bit RAM for storing the sequence of decision bits 

accessed during the previous chainback operation, wherein L is the 

16 chainback length; 

18 an output circuit, connected to the L+ 1 bit RAM and to the 

comparator, for receiving the match signal from the comparator and 

20 for controlling the L+ 1 bit RAM to output the earliest decision bit 

stored therein. 

10. A method for performing serial Viterbi decoding comprising 

2 the steps of: 

4 receiving a convolutionally encoded stream of symbols; 

6 generating a plurality of decision bits from the convolutionally 

encoded stream of symbols during each of plurality of process cycles; 

8 

storing said plurality of decision bits in a chainback memory for 

10 each of said plurality of process cycles; 

12 determining, during each new process cycle, a decision bit 

representative of a best state metric by beginning with a current 

14 starting best state metric and then performing a sequential chainback 

operation through the plurality of stored decision bits in the 
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16 chainback memory means for each of the plurality of process cycles; 
and 

18 

storing a sequence of decision bits accessed during a previous 
20 chainback operation in a chainback cache and outputting the decision 

bit that would otherwise have been generated by the sequential 
22 chainback operation if a shifted version of the best state metric for the 

24 

new process cycle is the same as the best state metric of the last process 
cycle. 

11. The method of claim 10 wherein the step of storing a sequence 
2 of decision bits accessed during a previous chainback operation in a 

chainback cache and outputting the decision bit representative of the 
4 best state metric if. the current best state metric for the new process 

cycle points to the starting metric of the last process cycle comprises 
6 the steps of: 

8 storing the best state metric for the previous process cycle; 

10 storing the sequence of decision bits accessed during the 
previous chainback operation; 

12 

shifting in the best state metric for the current process cycle; and 
14 

comparing the best state metric for the previous process cycle to 
16 the shifted best state metric of the current process cycle and, if there is 

a match, for outputting the earliest decision bit stored by the means 
18 for storing the sequence of decision bits accessed during the previous 

chainback operation. 

12. The method of claim 11 wherein the step of storing a sequence 
2 of decision bits accessed during a previous chainback operation in a 

chainback cache and outputting the decision bit representative of the 
4 ·best state metric if the current best state metric for the new process 

cycle points to the starting metric of the last process cycle is controlled 

6 to perform a through breads during each process cycle, wherein after 

a reads, the cache means is checked for each subsequent read until b 

8 reads have been performed or until a match is obtained. 

.9 
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The method of claim 12 wherein a ism and bis m. 
';:i'.i\._ 

The method of claim 4 wherein a is 1 and b is 1. 
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