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‘devices. More particularly, the present invention provides a method and apparatus for a digital
wireless communications device to determine in real-time certain scalable channel coding scheme

15 parameters. In a preferred embodiment, a memory is arranged as a three-dimensional code book
which provides the appropriate scheme parameters in real-time without calculating the parameters
in real-time,

Di ion of Related Art

Fig. 1 is a simplificd block diagram of a transmission portion of a digital wireless

20 communications device 100. One such device is a digital cellular phone which may be used with
a TMS320C5x digital signal processor made by Texas Instruments, Dallas Texas or other suitable
processor. A preferred digital cellular phone may include a microphone 102, an: analog-to-digital
converter (ADC) 104, a speech coder 106, a channel coder 108, a modulator/transmitter 110, and
an antenna 120.

25 The transmission portion of the digital cellular device 100 of Fig. 1 may operate in the
following manner. A sound, such as a speaker’s voice, is detcctcd by the microphone 102 and
converted into an analog electrical signal. The analog electrical signal is converted into a digital
signal by the ADC 104. The digital signal is then speech coded by the speech coder 106 using,
for example, a vector sum excited linear prediction (V. SELP) code. This speech coding

30 compresses the digital signal.

' The compressed digital signal may then be channel encoded by the channel encoder 108.
The channel encoder’s main function is to protect the digital signal against noise and fading
inherent in a radio channel, such as is used for a cellular telephone system. The channel encoder
108 may perform several functions, such as convolution encoding, ¢yclic redundancy check (CRC)
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" exists in the received block of information bits, Interleaving is the division of the data from each
frame of information bits into two transmit slots. Thus, if one slot is lost, it is unlikely that the
sccond slot will also be lost. As a result, not all bits from a speech frame are likely to be lost.
10  Burst generation is the time compression of the signal into a burst format.

Once the signal has been channel encoded, it is modulated onto a carrier frequency by the
modulator 110 and trapsmitted via the transmitter and antenna 120. A preferred modulation
method is differential quaternary phase-shift keying (DQPSK).
| One method to improve the mhabmtyofatelecommumcationsnetworklstoaddmor

15 conn'olpmocssmgatthcuansmmandrecewmgendsofﬂwnehvoxk. Asdnswssedabove one
mahodofdomg&:suushguhamelemoduwhchaddsmmmcymmemmdsxgnﬂ
so that a receiving decoder may makcadecodmg decision based on more than a single bit.

. One common type of error control technigue used mdigimltcleconnnunicanons nctworks
is a convolutional code. A convolutional code is_acodewh:chprowdesnguq)utsymbolsforcach

20  group of k input symbols. The code rate is defined as R= &/r. For example, if two symbols are
output for every one input symbol, the code rate is %. To reduce the bit rate of the transmitter,
not all bits are coded in a convolutional code. Since the individual bits of information in a speech
frame have varying sensitivity to error, some bits may be coded while other bits may not. For
example, in a two class system, the sensitive bits may be grouped into one class called class 1 and

25  convolutionally coded while the less sensitive bits are grouped into another class called class 0 and
transmitted without coding. (Bit sensitivity is the loss of quality of the degpdedspeech;ignal due
to corruption of the particular bit.) While convolutional encoding provides adequate redundancy
for effective exror control, it also increases the bandwidth of the signal because it adds a mamber
of symbols to the transmitted signal. The inverse of the code rate is known as the bandwidth
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the information bits is a 1 or 0. Note the transition (branch 202) from state 10 to state 01.

One way to improve the bandwidth expansion of convolutional codes is to “puncturc® the
code. Puncturing a convolutional code means that periodically a certain number of bits in the
convolutional encoder are deleted at a fixed rate. This rate is called the puncture rate and results
in a higher code rate. Because the bandwidth expansion is the inverse of the code rate, the closer
the code rate is 1o 1, the lower the bandwidth expansion. By puncturing, error correction
properties may be nearly the same as for an unpunctured (or "mother”) code, but the higher code
rate provides significant bandwidth savings., |

Some mobile telephone systems, such as Europe'S GSM system, use rate compatible
punctured convolutional codes. In the GSM system, for example, a fixed rate of 456 information
bits per frame is used for the traffic channel, 78 bits per frame are used for the synchronization
charmel, and 36 bits per frame are used for the random access channel. These fixed configurations
permit coding parameters, such as number of information bits per frame, the code rate, and the
puncture rate, to-be stored in a memory for recall when needed.

Recently, the trend in digital cellular communications is toward scalable channel coders.
For example, ITU Recommendation, "Annex C to G.723.1 — Scalable channel coding scheme for
wireless applications to be used with dual-rate speech coder for multimedia communications
transmitting at 5.3 & 6.3 kbits/sec”, November 1996 (“G.723.1 Annex C"), recommends a scalable
channel coder. The contents of this document are incorporated herein by reference. Full
scalability introduces new variables. First, the output bit ratc adapts to changes in input
parameters and available capanit.y. Second, the protection requirement for different bit classes
varies. Third, the available channel capacity varies between minimum and maximum boundary
conditions. As a result, a new set of coding parameters is determined according to a defined
algorithm for each encoded (or decoded) frame.
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These variable coding conditions per bit class are commonly referred to as uncqual error
protection schemes.
10 Three input variables for the rate compatible punctured convolutional coding are:

1.  The number of bit classes the information bits have been partitioned into (this may

be a fixed mumber);

2. The mumber of bits per frame to be coded (i.e., the mumber of k bits in cach class

to be coded); and :
15 3. The available size of the output codeword based on available channel capacity.
That is, the total number of bits i the current channel can accept.
For each combination of thesc input variables, there are the following scalable coding parameters
to be determined: :
1. The number of bits for each coding class per frame (i.e., the number of bits to be
20 included in each class); and |
2. The puncture code per class.
The puncture codes are a string of 1s and Os mapping a periodic sequence of output bits from a
convolutional encoder 1o a punctured sequence of those bits. A "0" indicates that a particular bit
is "punctured®, i.e., not transmitted. Puncnnecodesmaybeqmtelargeanduseasmuch:s3x16
25 bit words of memory for each code.

These parameters may be determined by a rate control algorithm proprietary to the specific
channel coding specification. G.723.1 Annex C recommens that if the input variables change
from one frame to the next, the rate control algorithm should be performed. This is
disadvantageous because determining the coding parameters in real-time may be computationally
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It is a further object of the present invention to provide the scalable coding parameters
without computing the parameters in real-time and providing an economic advantage with regard
10 to computational requirements.
| It is yet a further object of the present invention to provide a method and device for storing
and recalling the scalable coding parameters.

SUMMARY OF THE INVENTION
15 Tnesemdmnerobjecuofmepresemmvenﬁonmpmvidedbyammmmmsiml'mde
book. Preferably, a digital cellular device, such as a digital cellular telephone, uSmg a sulable '
channel coding scheme includes a2 memory arranged as a three-dimensional code book. The three-
dimensional code book may receive the following input variables:
1.  The number of bit classes (this may be a fixed mumber); _
20 2. The number of bits per frame to be coded (i.e., the mumber of k bits in each frame
to be coded); and :
3. The available size of the output codeword based on available channel capacity (i.e.,
the number of 2 bits the channel can currently accept).
For cach of these input variables, the three-dimensional code book may output the following
25 scalable coding parameters: ]
1. The munber of k bits per frame partitioned into cach of the coding classess and
2. The puncture code per class.
Preferably, the memory is arranged in the t'ollowing manner. A number of mfonnation bits to
be coded is determined by a mode of the transmission signal. I%rcaﬂlnuﬂb.gpuusaue
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bits in the convol utiohal ‘encoder are delfeted at a fixed rate. This rate is

cal | ed t he invention provides the-scalable coding parameters in real-time. It does this, however, without
calculating the parameters in real-time.
5 In a preferred embodiment, thcscalablecodingpammewrsmmnmmdintlwcodebook
includes the number of bits per frame for each class and an index to the appropriate puncrure
‘codes, rather than the puncture code themselves. The puncture codes, which may be quite lengthy
are may be repeated many times in the three dimensional code book, may be stored in a scparate
table and linked to the code book via the index. As a result, each puncture code is only stored
10  once and may be accessed via the puncture code index stored in the code book. This results in a
very efficient use of memory space. '

BRIEF DESCRIFTION OF THE DRAWINGS
The present invention is described with reference to the following figures:
15 Fig. 1 is a simplified block diagram of the transmission portion of a conventional digital cellufar
device; |
Fig. 2 is a diagram illustrating the operation of a conventional convolutional code;
Fig. 3 is a graph illustrating a preferred embodiment of the three dimensional ratc control input
parameters and coding parameters; '
20 Fig. 4 is a block diagram of the transmission portion of a digital cellular device according toa
preferred embodiment of the present invention;
Fig. 5 illustrates a concatenated memory element according to a preferred embodiment of the
present invention; '
Fig. 6A illustrates a memory arranged as a three dimensional rate control code book according to
25 a preferred embodiment of the present inveation;
Fig. 6B illustrates a puncture code table according to a preferred embodiment of the present
invention; and ‘
Fig. 7 is a flowchart illustrating a preferred method according 10 a preferred embodiment of the

present invention.
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to G 723. 1mﬂemmmﬂﬂsr%whn§wmmy vary with time on a frame by frame
basis during a transmission. Associated with these varying values is a number of bit classes, seen
on a third axis 406. Typically, there are a finite number of bit classes, such as the five classes
. defined in G.723.1 Annex C. For each bit class there is associated a particular number of bits per
10 class (i.e, the mumber of bits per frame which are to be partitioned into that particular class) and
a punciure code for that particular class.

The invention is based on the property of the rate control algorithm that provides a discrete
mapping of parameters along the bit class axis 406 for each of the other axes 402, 404. The
appropriate coordinates of these three input variables lead to a memory location which provides

15 the correct variables for the current sumber of information bits to be encoded and the current
" number of encoded bits which the channel may accept.

Fig. 4 is a simplified block diagram of a transmission portion of a digital wireless
communications device 500 according to a preferred embodiment of the preseht invention. The
device 500 may be a digital cellular phone which may be used with a TMS320C5x digital signal

20 processor made by Texas Instruments or other suitable processor. The device 500 is similar to
the device 100 of Fig. 1. The device 500 according to the present invention, however, includes
a memory 502 which may include a memory space arranged as a three dimensional code book and
may also include a puncture code table, as discussed below,

As described in more detail below, the memory 502 is arranged in the following manner.

25 A first dimension of the code book is the number of information bits (i.e., & bits) in 2 frame (see
the first axis 402 of Fig. 3). The value of this first dimension is referred to as the *mode”. For
each mode, there is a range of possible redundant bits which the chammel can currently accept.
The mmber of redundant bits is derived from the channel capacity (see the second axis 404 of Fig.
3). The mumber of redundant bits is the parameter used as the second dimension in the code book.
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for each of a number of bit classes. The coding parameters include: (1) the number of bits to be

5 partitioned into that class; and (2) the puncture code for that class. The puncture code may be

stored in the code book in the form of an index which is used to retrieve the puncture code from

a second table. If the number of information bits to be coded, the number of codes bits the

channel can accept, and the number of bits classes used are known, the appropriate coding

parameters for each bit class may be obtained. These parameters are read out and supplied to the

10 channel coder to solve the channel rate equation. The channel rate equation solution is used to
channel code the transmission. '

'I'lwstruchneandopemhonofapmfmed embodnnentofthcpmemuwenuonmvolvethe
15 following definitions:
i = the mumber of source information bits from the speech coder in a frame to be
coded; .
I = the total number of bits to be coded by the convolutional coder; this includes all of
the i bits and the CRC bits;
20 t = the number of tail bits used to set the convolutional coder to the zero state
(convolutional codes use a number of tail bits at the end of the bit stream to set the
encoder to a zero state); .
= the number of availabie channel bits;
=  the number of redundant bits available in the channel.” Note that r = a - I; and
25 R = k/n, which is the convolutional coder rate where k is the number of information bits
(which may be any bit being convolutionally coded, including an information bit,
tail bit, or CRC bit) and » is the mmber of code bits output.
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5 following manner. The third dimension is arranged as follows. The puncture code and number
of bits in each class for a particular coding scheme using a particular number of bit classes (i.c.,
2 finite element along axis 406) for each r value for each mode are calculated according to a
particular rate control algorithm and saved. The puncture code may be identified according to an
index position in the puncture code table set. Becanse scalable channel coders typically rely on
10  using a range of puncture codes to provide the scaling to meet channel capacity (for example,
G.723.1 Annex C uses 24 puncture codes), it is inefficient to store the puncture code in the code
book for each coding condition. Rather, the present invention preferably provides a second
memory arranged as a puncture code table in which cach puncture code is stored and identified
by iis position in the table. The position in the table is referred to as the index. By storing the
15  puncture code index in the code book and linking the code book to the code table, the index may
be used to obtain and read the actual bits of a particular puncture code. By storing the puncture

codes once in a separate table results in a very efficient use of memory space. - __
As scen in Fig. 5, the puncture code index and number of bits per class values may be
stored in a single memory clement 600. For example, the puncture code index 602 and the
20  number of bits in the bit class 604 may be stored as a single entry. As described in detail below,
the puncture code index 602 may be linked to a puncture code table. In a preferred embodiment,
the memory element may contain a two byte value, with the puncture code index 602 as the most
significant byte and the number of bits in the bit class as the least significant byte 604.
Alternatively, larger coders and/or larger memory processors may concatenate the two parameters

25 from two 16 bit words into one 32 bit word.

Fig. 6A is a block diagram illustrating a preferred embodiment of the three dimensional
code book 700 found in memory 502. As seen in Fig. 6A, the second dimension is arranged as
follows. Each bit class entry 600 is combined into a table 702 for each possible r value 704a-704n
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may be obtained as follows, first the mode is determined (i.e., the aumber of bits to be coded).
After the mode is determined, the number of redundant bits available in the chaanel is determined,
Once these two values are determined, theapptopmhemmberofbitsandpmuuccode(or
punmurccodemdex)foreachclassmayusxlybcobtamed

10 As readily seen in Fig. 6A, agrwnumberofpuncturecodcindexenmesmaybefound _

in the three dimensional code book 502. Because the puncture codes typically use a large amount

of memory (such as 3x16 bit words each), storing the appropriate puncture code in each entry of

the three dimensional code book 700 is an inefficient use of memory. As a result, in the preferred

embodiment of the present invention, each of the puncture codes (for example, G.723.1 Amnex
15 C provides 24 puncture codes) is stored in a puncture code table.

Fig. 6B is a block diagram illustrating 2 preferred embodiment of a puncture code table 750
which may be found in the memory 502. The puncture code table 750 may be linked 10 the
puncture code index values 602 stored in the three dimensional code book 700. The puncture code
table 750 may store ¢ach of the puncture codes, such as the 24 puncture codes of G.723.1 Annex

20 C.

The position of a particular code in the table is referred to as the index. The thres
dimensional code book 700 preferably stores a puncmre code index in the memory elements 600.
The index jdentifies the appropriate puncture code to be retrieved from the puncture code table
750. The three dimensional code book 700 preferably is linked to the puncture code table 750 and

25 uses the puncture code index values to retrieve the appropriate puncture code,

. The inventors have written computer code in the C language which determines the
appropriate outputs for the G.723.1 Annex C rate control al'gorithm and generate the code book
in an assembly language format suitable for use with, for example, the TMS320C5x DSP. The
¢ode book is stored in memory 502. In the TMS320CSx, the memory 502 includes a file entitled

4748/39205-001 NYLIB1/891685 v1 ' 10 08/17/88 08:48 PM (11212)

ThlS Sheet Has Been Rer

TR

be



codi ng speci f ication. G 723.1 Annex C recomends t
vari abl es change fromone frame to the next, the rlate CBEPMQEDaI gorilt hm
shoul d be perforned. This is disadvantageous because determ ning the coding

N opt | PG Bl CPUREF Colh Comgtipes 38R nes 19 6 4 T (ATt S AaHBY!

o er e A S %Wﬁ%ﬁﬁwmmwé%wa@w

si ngl e tr anparamesens, and stores thcm in the bitpunin.asn file. AMChed as Appendix A is
abbreviated copy of this code with comments.

5 Fig. 7 is a flow chart 800 illustrating a prefirred method of channel coding a transmission
in a digital cellular device which uses a rate compatible punctured convolutional code and an
unegual error protection system. First, the mode is determined and the address for the block of
memory‘losnforthatmodelsrcn'wved(stepsoz) Next,thervahe:scalmﬂatedbasedonthc
given mode and available channel capacity (step 804). Then, the r value is multiplied by the

10 number of bit classes to get to the correct position on that table, i.c., the beginning of the correct
set of entries for that particular value of r in that mode. (step 806). The appropriate r value
memory address is obtained by adding the product of (r x bit class) to the mode block address (step
808). The concatepated memory entries 600 for one bit class may be read out of memory (step
810) and provided to the channel coder 108 to solve the channel rate equation. The puncture index

15 (high byte 602) is selected and added to the puncture code table address (step 812). The puncture
code is read, for example by using the puncture code index to retrieve the appropriate puncture
code from the puncture code table 750. The puncture code 750 may be stored in a temporary
memory for use by the convolutional coder. This temporary memory may be RAM located in the
memory 502 and may be reused each time new codes are decoded/extracted from the code book

20 or puncture code table (stzp 814). Next, the number of bits per class (low byte 604) is read and
stored in & temporary memory (step 815). -Next, it is detenmined if all of the bit classes have been
decoded (step 816). If no, the memory address is incremented by one (step 818) and steps 810 -
814 are repeated. If yes, the method ends. The decoded information may be used to solve the

. channel rate equation in order to channel code the transmission. The method may be perfom:ed

25 each time there is a change in thc input variables during a transmission.

The inventors have implemented this method using G.723.1 Annex C parameters. The
implementation is in assembly code for the TMS320CS5x DSP and stored in a file entitled

chan_ini.aswm. An edited coby of this code is attached as Appendix B.

25 [ RECEMYER B 1595 ANy { OFIIESNPASEA LT (PRENTER PASAT
dét er m ned a rate control algorithmproprietary S ' jhannel
i h A ;?Eg” l
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the rate control gorlthm5 I's prohibitive. Theretore 'S an obj ect
of the present invention to provide a nethod an Tm $$&J hde t he

scal abl e coding paranmeters in real-time. It ISE S Lég%f U df the
present invention to provide the scalable codin par wi_t hgut
conputing the paraneters in real-tinge and _prOV|d| an ecqnomi c vant age
with regard 101n shots, am RreYed MaRRer (& RHGRE Pgm%? ﬁ%gﬁalﬁﬂfé

(r)]:acglhlei ﬁg%s%% cg)%ﬂng par amwmm%: THE | NVEN IO\I 12‘[“&1

Tﬂese Sndm@%%@nmnmmﬁuﬂmrm&?mwmﬁ :
t r_ee_— I e on codae pnoo Prefer | {htrgé m‘g lg il ebooﬁ%othaf as
HpELp Waclingf f Sl ¢

a digital
S appropriate parameters may be quickly obtained. Moreover, the puncture codes may be stored

in a second table and accessed by a puncture code index. As a result, the lengthy puncture codes
are stored only once, rather than stored in connection with cach coding condition in which a
particular puncture code is used. This provides efficient use of memory.
The above described embodiments of the invention are intended to be illustrative only.
- 10 Many alternative embodiments may be devised by those skilled in the art without departing from
the spirit and scope of the following claims. For example, the present invention has been
described with reference to GSM G.723.1 Annex C. A person skilled in the art readily recognizes
that the present invention may be used in connection with scalable channel coding for any source
having unequal error protection and which adapts to channel and source conditions.
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cobde book
~vari abl es:

in each f
codewor d

2. The nuﬁber of
rame to be mﬂ Fm]l
i I

ieRCl UdBE - hBARB  §S APRINTAY BOFEadaR Il by coo- &ﬁ@ i anal
%}f :?%r ee- d| nmensi onal code book may re?gl ve the1 0\%‘% I nput
' The nunber of DIt classes th| s may be a fixed nunber); 20

be co g1 ber of k bits
I!‘[ufnm nl The a S EET é§ he out put
) nunbe

ecLchannel *capacit r of n bits

based on ava

t he channeWechimr,urrently accept). For each’ of these i nput variables, the
t hree-di sio may. ou the f W ng. 25 g
par anet e;ns?ln % M@#&%M%&%Mﬁm g‘r{'
the coding cl awﬂd & digital TBEm@BiEAHONE devide wixbig G @8- cdib®iled

menory is arranged in the follow ng manner. A nunber of information bits to

5

10

15

20

convolutional code and an unequal error protection sysnem the method comprising the

steps of :

a.  determining a number of bits to be encoded;

b. determining a number of encoded bits which may be accepted by a channel; and

c. obtaining from a2 memory the scalable channel coding parameters for the
determined number of bits to be encoded and determined number of encoded bits

which may be accepted.

2. The method of claim 1, wherein the step of determining the number of bits to be encoded
farther comprises the step of determining a mode of the tramsmission.

3. The method of claim 2, wherein for each mode there is a range of values of numbers of
encoded bits which may be accepted by the channel and for each value there are a
predetermined rumber of bit classes each having an associated puncture code and numnber
of bits to be encoded, the step of obtaining further comprising obtaining from the memory
the puncrure code and number of bits to be encoded for each of the bit classes for the
determined mode and determined number of encoded bits which may be accepted by the
channel.

4, The method of claim 3, wheremtheswpofobmmngﬁomthememorythepuncmecode

further comprises:

a. obtalmngapmmunecodeindexﬁ'oniaﬁrsttable;and

b. using the obtained puncture code index, obtaining the puncture code from a second
table.
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bel AEFAYED] S a 1983869 fPAGEN cl6t (PRINTEYI FOER QIS) Ji | node,
entries arné'égngG nargﬁg&%yned—f—er—a—r—&nge of redundarﬁa %sﬁ%{.}gggfggeﬁaq n the

channel for a particular node. For each channel availability entry, the
scal abl e codi ng par a‘mu WI e“' MII |t class are maintained.The invention
provi des the scal abl rs in real £ RS REER!IS

however, w thout cal cul atr ng he par aneters in J:BFA ¢

preferred Sbodieeméthod dfelandl afriher coddprizing pedviding. e sbidinediiaramedrsito aichamebde

book includes th rrbaﬁr of bits_per frarre for each cl ass and an index to
t he appropri at@“gﬁ"r#’f n t he puncture code thensel ves.

The puncture codes, which may be qui te | engthy
6. The method of claim 1, wherein the step of obtaining further comprises obtaining the
1 scalable parameters from a single memory entry.

7. - A method of channel coding onto a channel a transmission in a digital cellular device using
a rate compatible punctured convolutional code and an unequal error protection system,

the method comprising:
10 a.  determining a mode of the transmission;
"~ b. retrieving from a memory a memory block associated with the determined mode;
c. determining a number of redundant bits the channel may accept;
d.  multiplying the determined mumber of redundant bits by a number of bit classes;
e.

using a product of the multiplying step, obtaining a table of values in the retrieved
15 memory block; ' '

f. reading from the table scalable channel coding parameters;
g. usmgmereadscalablechannelmdmgparametemmsolveachannelmmequauon,
and
h.  using the channel rate equation to at least one of channel code and channel decode
20 | the transmission.

8.  The method of claim 7, wherein the step of reading from the table further comprises:
a. reading from the table a puncture code index; and
b. using the puncture code index, reading a puncture code from a second table.

9. A memory ina digital cellular commmunications device for storing scalable channei coding

parameters, comprising:
a. memory blocks corresponding to each of a pluralxty of ttansmnssnon modes

4748/39205-001 NYLIB1/B9168S v1 14 08/17/98 08:48 PM (11212)
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00K VI a elndex As a

stored in a Separate table and |inked to the code
result, edach puncture code is only stored 10
vi a the_puncture code index stored in the code bgok!
efficient use of menory space. BRI EF DESCRI PTI ON|ON OFRBM&UQ?MNP«}>The

present invention is described with reference to the ires: 15

Fig. 1is a sitolifdisidingcath mrmonyshioak intcha numbersofl tables reagho tableohavitig valucs

cperation of a Sony SoPRahHAl L of frape e cdmbducfpf n B, WP, 4 11 1"
i1 lustrating aepref eschasblecintisingatalible chatinel bodiny phramersss Forbone oflapleralify of!

i nput parameters ang codi ng paraneters; 20 Fig. 4 is.a block diagram of
the transm ssion po a digital cellular device according to a

3
10.  The memory device of claim 9, wherein the scalable coding parameters include a puncture
code index and a oumber of bits to be encoded in that bit class.
11.  The memory device of claim 10, wherein the puncture code index and number of bits to
10 be encoded are stored in a single memory element.

12.  The memory device of claim 11, wherein the puncture code index and number of bits to
be encoded are concatenated into a single memory element.

15 13.  The memory device of claim 9, further comprising a puncture code table linked 1o table
comprising scalable channel coding parameters. '

14.  The memory device of claim 13, wherein the puncture code table contains each of a
| plurality of puncture codes. |
20
15. The memory device of claim 14, wherein each entry of the table comprising scalable
channel coding parameters contains a puncture code index, each puncture code index
- corresponding to one of the plurality of puncture codes contained in the puncture code
table.

A
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pr &f RECEISED w:, B@f _{ he p5330e9M PABEV BN LRRINTED PABY. 15 pllustrat

concat enat ﬁ:?e’r’e nt according to a preferre %ﬁgt’ﬁe
present invention; Fig. 6Aillustrates a menory apranged as:a three
di mensi onal rate control code book according to 25THIS SHEET ®A8r BEEN
enbodi ment of the present invention; Fig. 6B illugtrat SFFEFLABEmICL UT € code
tabl e according to a preferred enbodi nent of the present—t+nrvent+eoer~ and

Fig. 7 is a flowchart illustrating a ABIIRACE nethod according to a
preferred enbodi ”Ef‘gi:aloceuhﬂ?nﬁép%%&”t nﬁ'%ﬁ”chamelwdingaohun:mhdcsamemory

arranged as a three-dimensional code book. The three-dimensional code book may receive the

* following three input variables:
5 1. The nnmber of bit classes;

2. The number of bits per frame to be coded; and
3. The available size of the output codeword based on available channel capacity.
For cach of these input variables, the three-dimensional code book may output the
following scalable coding parameters: |
10 1. Themnnberofbttsperframearepamnonedm:oeachoftbecodingclasscs,and
2. The puncture code per class.
‘The invention provides the scalable coding parameters in real-time. It docs this, however, without
calculating the parameters in real-time. Thememo:ymaybearrangedinthefollowing manner.
A number of information bits to be coded is determined by a mode of the transmission signal. For
15  each mode, entries are maintained for each channel availability from a minimum value to a
maximum values for a particular mode. For each channel availability entry, the scalable coding
parameters for each bit class is maintained.
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REC
7 @er&f"&%%%@%%@fﬂqﬁmn FiS33-8694 PaBEQ 2 (AMINTEO G@ed | syt r ati ng t he three
di mensi rate control input and output coding par@mu@@@é’h%n

Fig. .3, fa2 first axis 402 represents t WEETROREN &ieE of 0 be 5
encoded i'n a frame. A second axis 404 represents tHelIGHEET HAS BEER |t he
channel can currently accept. The val ugspsp@ltherl or bREPLACED! hese t wo

axes may vary with tinme on a_ frame_ by frame_ basis durim oSS sion.
Associ at ed Wlth "thése varying values is a nunber of bit classes, seen on a

third &xis 406. Typi cal loppastrimwre: are a fi m8de nunber of bit classes, such

as the fiveicl asses def iﬂ%n G 723.1 Ange%g Lgprugq& Qh;m;l(m %ere I S
nu .

associ ated g particul ar er. of bits per class . the nu

bits per frame which ar eUsTIOENPE it i ONeBITHIRIDEN AL part [ cuI ar cl ass) and
a puncture cjode for thatco%Fé gec il ar class.yglhe invention is based on the
property of ;the rate contr al gorlthmthat provides a discrete

P T T Y L TR X PO R R N R SR Y YTl e e Y R LD L LD Rl bl X R 4

.global BitPunIndexs3

.global BitPunlndex53

.global BitPunIndexsID

L] “ta .

BitPunIndex63 is used in ChannelCodecInit routine. It gets the index
vhich is rbits., Based on the ipdex, it obtained the bit_class

i

e % W w

Ditfunindex63d ;: <=« this is the memory address label for the
1°6.3kxbps "mode” e.g., the start of “706a" -

> .word 00000k, 00000h, 00000k, 00000k, 00O0cER <-
- each line represents one ¥ value 704a,b,e,ete

~word Q0000h, 000G0h, 00000h, 00000h, 000c6h
.word 00000n, 00000h, 00000h, 000QOh, 0DOCSh
-word 00000n, 00000k, 00000hL, 00000h, O00OcEh
.word 00000h, 00000h, 00000h, 00000k, 000c6h
-word 00000k, 00000R, 00000h, GOO0OR, 000cCh
vord 00000k, 00000h, 00000h, 00000k, 00Dc6h
.word 00000h, 00000k, 00000h, 0000Ch, 000cSh
word 000Q0h, 00000h, 00000h, 00000h, 000e6h

[ X ~n ~ ] ~ »n

g, ; these are the five table entries, 702
; each ;umber represents the concatenated high/low byfe
l

\/
woxd 0013bh, 00026h, 0002eh, 0002fh, 000Cch
.word 00147n, 0001lah, 0002¢h, 0002fh, 0000ch
woxd 00153k, 0000eh, 0002«h, 0002fh, 0000ch
word 0015f%, 00002h, 0002eh, 0002fh, 0000ch

etc :
.word 00c31n, 00%2¢h, 0q72¢h, 0060fh, 00030h
Tward 00c3lh, 0092ch, 0072eh, 00611lh, 0002eh
.wozd 00c31lh, 0092ch, 0072ek, 00613h, 0002ch
word 00c3lh, 0092¢ch, 0082e¢h, 0060eh, 0003%ih
-word 01831h, 01682ch, 0l82dh, 0l43ch, 00004n
.word 01831nh, 0l1l82ch, 0182e¢h, 0143bh, 00004h
.word 01831h, 0182¢h, 0182eh, 0143ch, 00003h
word 01831h, 0162ch, 0l1l82eh, 0143dh, 00002h

ete

-ward 01831h, 0192e¢h, 01824k, 0153fh, 00001h
-word 01831h, 0182ch, 01682eh, 0153eh, 00001h
-word 01831h, 0182ch, 0182dh, 01540h, 0000O0h

; BitPunIndexS3 is used in ChannelCodecInit routine. It gets the index
; which is rbits. Based on the index, it obtained the bit_class

3
BitPunIndex53 ¢ <== this is the memory address label forxr the

-
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TR REGEINED @b/1p BOFIBBW 6 4l 0Ng 58318691 IFOEEC |22 IBRINFED PAGED (22 t her
axes, 402 FE0¥ %&dﬂﬂomm%q (4
lead t & a menory | ocation which provides 1% the correct vari abI es for’
the current nunber of information bits P-be Efcoded oy o number
of encoded bits which the channel may accept. Fig. 4 g § Eﬁfl HASGBEENl ock
di agram of a transm ssion portion of aapPEmDEX BM rel dss corﬂfﬁmm i ons
devi ce 500 agcordipg.tq.a.prefarcad. anbadinent. of..t he_presenti-Fim ,
The devi ce 5P0 may_be a digital -cellular phone which may be used W|th a
TMB320C5x di gital si gnal PPER™MBT ny ocessor ¥fde by Texas Instrunents or
other suitab] e processorppedit@ device 500 i 793.01 Lowr nrirOnairl peersi OBrE)E) Of
Fig. 1. The device 500 actordin o the present invention, however,

i ncl udes a nenory 502 \Mﬂ"ﬁ'ﬁ"ﬂ'é)?gﬁcl ude a FreM§PASTREe arranged as a three
di nensi onal tode book angbevmaygreni SO i ncl uderm puncture code table, as

di scussed bel bw. As described in nore detail bel ow, the menory 502 is.

AR2 -> punctur
" AR3 > punetur_index .
AR4 -> bit_class

ChannelCodeInit: Determine the parametera of tlie channel encoder given
the channel b:i.trate

.include *cat_dhan_ h"

tp .dfeet *.tmplg*,.8,1
rbits . set tmp '
chits .set tmp+l
NInfoBits .set tmp+2
addx . o6t tunp+3
bitpundat .set tmp+3 :5 words
punctur_index .set tup+d ;8 words
def ChannelCodecInit
-text
.amregs
channelCodecInit

;-Detem.i.ne the number of available channel bhits per frame (multiply by 0.03)

H

it sysChannelBitrate
npy #31456 _
sph tmp .
lace tmp scbita = 1_shx(L_tmp,31)
bsar s _
sacl abits - :
lacc G723_mode ) ;if G723_mode = C
bend r53,neq _
; 6.3 kbpa

: >> DEFAULT MODE IS §.3 KBPS MODE
splk $#BirPunindex63,addr

: >> THE ABOVE CODE WRITES THE ADDRESS "BitPunIndexf3® (see bitpunin.txt) into
; tempory memory “addr"

ba new_bita
aplk #NInfoBits6_3, NIntoBits

xr53
sub #1
bend sid, frame, neq
asplk #B8itPunIndex53,addr
ba nev_bits
splk $NInfoBitsS_3,NInfoBits
sid_frame
splk #BitPunIndexSID,addr
splk $NInfobitsSID,NInfoBits
‘nev_bits
#*k TOTAL PAGE.27 %k
oThlslTIhIeitI Has Been Rer
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thls flrst ‘dimension is referred to as_the "node". For each node, there is

a range of possible redundant bits WhiﬂTﬁgl_'; T currently accept.
The nunber.of redundant bits is derivef P e ﬁaﬁﬂﬂl capacity (see the
second axis 404 of Fig. 3). The nunberk hAGED bitstis the paraneter
used as the second dinmension in the code book. ~ third axis 406

defines the integral number of bit classes used_for_ig.conjunction with the
paraneters defined by the first and second axe us,@f or each nunber of

I nformati on and redundant bits within the range, thereﬂhre associ at ed

scal abl e codi ng paraneters

by
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f QroeRAGdD ai)159000kd 006 49T DI U GhaBsece THE ¢aAdkd BheBapdnEt ers include: (1) the
nunmber of AYG 18 '8 B&1HFR  partitioned into that cl Hs55S4BWPLIESEIIHB-PBunct ure

code for that class. The puncture code nay be stored i-n the code book in
the formof an index which is used to retrievd g . -eode froma
second table. If the nunmber of information biffs to BEEMg nunber of
codes bits the channel can accept, and the nu BLACEDC| ass¢s used are
known, the appropriate coding paraneters for each bit class may be
obt ai ned. These paraneters are read out and supplied to the 10 channel
-coder to solve the channel rate equation. The channel rate equation
solution is used to channel code the transm ssion. Structure and Operation:
of a Preferred Enbodi ment The structure and operation of a preferred
enbodi nent of the present invention involve the 15 - follow ng
definitions: i = the nunber of source information bits fromthe speech
coder in a frane to be

Sk Gbﬁuf
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coder ; thIS |ncIu of the i bits and the-

t he nunber of tail bits used to set the convol utlonal coder to the zero
state (convol utional codes use a nunber of ta|I at t he end of the bit
streamto set the encoder to a zero state); a E?f@r abl e
channel bits; r = the nunber of redundant bItS a alla @ Eeﬂi [{‘annel.
Note that r = a - |; and 25 R = k/n, ’1 nvoI i onal
coder rate where k is the nunber qgf igggrnatlon b|ts (mhlch may be any bit

bei ng convol utional ly coded, inclJdgn n information bit, tail bit, or CRC
bit) and n is the nunber Qf code bi¥s output.
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r for onvolution is 0, i.e.,
redundant bits other than CRC bits are avail ab
convol utional coding to occur, r >1t. The menor
arranged as a three dinensional code book in th REFIGICEDW Ng; franner .

The third dinension is arranged as foll ows. The nunber of
bits in each class for a particular coding schene using a particul ar nunber
of bit classes (i.e., a finite elenent along axis 406) for each r value for
each node are cal cul ated according to a partlcu(}r rate control algorithm
and saved. The puncture code may be identified cdidlng to an index
position in the puncture code table set. Becaus¢ scal gl e channel coders
typically rely on e
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10 RECEIYRD)] g uNCtS33-@634 (e 230(PRINTEP| RABE { %ﬁ?ﬂﬁz .?5515930
channel E‘% i% %?Flg%zgarml e, G723.1 Annex C use%sge pun(Ei]' are g%‘?'tés) , 0t

is inefficient to store the puncture code in the code book for each coding
conditi.on. Rather, the present invention preferab rOV|des a second
menory arranged as a puncture code l e | i ch :

stored and identified by its positi ' é;lr?abl
table is referred to as the index. By(Jstoring thell5
in the code book and linking the co O he code Tabre—Tte—Hndex may
be used to obtain and read the actu bits of a particular puncture code.

By storing the puncture codes once in a separate table results in a very

efficient use of nenoryMeptice. As seend hg puncture code i ndex
and nunber of blggrber cl ass values” n (8 POBGKEe nMenory
el ement 600. Foroexanp[E::IEE:thcture code {nd 0% and the 20 nunber
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The present invention relates to channel coders for digital wireless communications.
devices. More particularly, the present invention provides a method and-apparatus for a digital
) wi.rel&ss communications device to determine in real-time certain scalable channel coding scheme

15 parameters. In a preferred embodiment, a memory is arranged as a three-dimensional code book
which provides the appropriate scheme parameters in real-time without calculating the parameters
in real-time |

Di ion of Related Art
Fig. 1 is a simplified block diagram of a transrhission portion of a digital wireless

20  communications device 100. One such device is a digital cellular phone which may be used with
a TMS320C5x digital signal processor made by Texas Instruments, Dallas Texas or other suitable
processor. A preferred digital cellular phone may include a microphone 102, an analog-to-digital
converter (ADC) 104, a speech coder 106, a channel.coder 108, a modulator/transmitter 110, and
an antenna 120.

25 The transmission portion of the digital cellular device 100 of Fig. 1 may operate in the
following manner. A sound, such as a speaker’s voice, is detected by the microphone 102 and
converted into an analog electrical signal. The analog electrical signal is converted into a digital
signal by the ADC 104. The digital signal is then speech coded by the speech coder 106 using,
for example, a vector sum excited linear prediction (VSELP) .code. This speech coding

30 compresses the digital signal. |

R The compressed digital signal may then be channel encoded by the channel encoder 108.
The channel encoder’s main function is to protect the digital signal against noise and fading
mtmerent in a radio channel, such as is used for a cellular telephone system. The channel encoder
108 may perform several functions, such as convolution encoding, cyclic redundancy check (CRC)
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signal. Convolutional encoding is described below in more detail. CRC is the addition of several
5 . bits (such as five or seven) to a block of important information bits in the transmitted signal. The

value of the CRC code bits is used by a receiving decoder to determine whether or not an error

exists in the received block of information bits. Interleaving is the division of the data from each

frame of information bits into two transmit slots. Thus, if one slot is lost, it is unlikely that the

second slot will also be lost. As a result, not all bits from a speech frame are likely to be lost.
10 - Burst generation is the time compression ot'.the signal into a burst format.

Once the signal has been channel encoded, it is modulated onto a carrier frequency by the
modulator 110 and transmitted via the transmitter and antenna 120. A preferred moduiation
method is differential quaternary phase-shift keying (DQPSK).

One method to improve the reliability of a telecommunications network is to add error

15 . control processing at the transmitting and receiving ends of the network. As discussed above, one
method of doing this is using a channel encoder which adds redundancy to the transmitted signal
. so that a receiving decoder may make a decoding decision based on more than a single bit.
One common type of error control technique used in digital telwommﬁom networks
is a convolutional code. A convolutional code is a code which provides 7 output symbols for each
20 group of k input symbols. The code rate is defined as R= k/n. For example, if two symbols are
output for every one input symbol, the code rate is ¥2. To reduce the bit rate of the transmitter,
not all bits are coded in a convolutional code. Since the individual bits of information in a speech
frame have varying sensitivity to error, some bits may be coded while other bits may not. For
example, in a two class system, the sensitive bits may be grouped into one class called class 1 and
25 convolutionally coded while the Iess sensitive bits are grouped into another class called class 0 and
transmitted without coding. (Bit sensmvzty is the loss of quality of the decoded speech signal due
to corruption of the particular bit.) While convolutional encoding provides adequate redundancy
for effective error control, it also mcreases the bandwidth of the signal because it adds a number

of symbols to the transmitted signal. The inverse of the code rate is known as the bandwidth
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code. Puncturing a convolutional code means that periodically a certain number of bits in the
convolutional encoder are deleted at a fixed rate. This rate is called the puncture rate and results
in a higher code rate. Because the bandwidth expansion is the inverse of the code rate, the closer

10 - the code rate is to 1, the lower the bandwidth expansion. By puncturing, error correction
properties may be nearly the same as for an unpunctured (or "mother") code, but the higher_code
rate provides sxgmﬁcant bandwidth savings.
Some mobile telephone systems, such as Eur0pe s GSM system, use rate compatible
punctured convolutional codes. In the GSM system, for example, a fixed rate of 456 information
15 bits per frame is used for the traffic channel, 78 bits per frame are used for the synchronization
channel, and 36 bits per frame are used for the random access channel. These fixed configurations
permit coding parameters, such as immber of information bits per frame, the code rate, and the |

puncture rate, to be stored in a memory for recall when needed.
Recently, the tr'en& in digital cellular communications is toward scalable channel coders.
20 For example, ITU Recommendation, “Annex C to G.723.1 - Scalable channel coding scheme for
wireless applications to be used with dual-rate speech coder for multimedia communications
transmitting at 5.3 & 6.3 kbits/sec”, November 1996 (“G.723.1 Annex C”), recommends a scalable
channel coder. The contents of this document are incorporated herein by reference. Full
scalability introduces new variables. First, the output bit rate adapts to changes in input
25 parameters and available capacit'y. Second, the protection requirement for different bit classes
varies. Third, the available channel capacity varies between minimum and maximum boundary
conditions. As a result, a new set of coding parameters is determined accordmg to a defined

algonthm for each encoded (or decoded) frame.
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2. Coding each bit to be coded using a convolutional code having a rate k/n; and
3. Puncturing the output bit stream according to a predetermined rate compatible
punctured convolutional code for the partmular class.

» These variable coding condmons per bit class are commonly referred 1o as unequal error

protection schemes. .
’ Three input variables for the rate compatiblé punctured convolutional coding are:
1. The number of bit classes the information bits have been partitioned into (this may
be a fixed number).
2. - The number of bits per frame to be coded (i.e., the number of & bits in each class
to be coded); and :
3. The available size of the output codeword based on available channel Capacity.
That is, the total mumber of bits n the current channel can accept.
For each combination of these input variables, there are the following scalable coding parameters
to be determined:
1. Themlmberofbltsforeachcodmgclassperframc(xe the number of bits to be
included in each class); and
2.~ The puncture code per class.
The puncture codes are a string of 1s and Os mapping a periodic sequence of output bits from a

- convolutional encoder to a punctured sequence of those bits. A "0" indicates that a particular bit

is "punctured”, i.e., not transmitted. Puncture codes may be quite large and use as much as 3x16
bit words of memory for each code.

. These parameters may be determined by a rate control algorithm proprietary to the specific
channel coding specification. G.723.1 Annex C recommends that if the input variables change
from one frame to the next, the rate control algorithm should be performed. This is

disadvantageous because determining the coding parameters in real-time may be computationally
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Therefore, it is an object of the presém'imrention to provide a method and device to
provide the scalable coding parameters in real-time.
It is a further object of the present invention to provide the scalable coding parameters
without computing the parameters in real-time and providing an economic advantage with regard
10 " to 'compumional requirements. _
It is yet a further object of the present invention to provide a method and device for sgqring
and recalling the scalable coding parameters.

SUMMARY OF THE INVENTION
15 | These and other objects of the present invention are provided by a three-dimensional code
book. Preferably, a digital cellular deficé, such as a digital cellular telephone, using a scalable
channel coding scheme includes a memory arranged as a three-dimensional code book. The three-
dimensional code book may receive the following input variables: '
1.  The number of bit classes (this may be a fixed number);
20 2. The number of bits per frame to be coded (i.e., the number of £ bits in each frame
to be coded); and _
3. . The available size of the output codeword based on available channel capacity (i.e.,
the number of 7 bits the channel can currently accept). |
For each of these input variables, the three-dimensional code book may output the following
‘25 scalable coding parameters: | '
1. - The number of £ bits per frame partitioned into each of the coding classes; and
2. The puncture code per class.
Preferably, the memory is arranged in the following manner. A number of information bits to

be coded is determined by a mode of the transmission signal. For each mode, entries are
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channel availability entry, the scalable coding paraméters for each bit class are maintained. The
invention provides the scalable coding parameters in real-time. It does this, however, without
calculating the parameters in real-time. |
In a preferred embodiment, the scalable coding parameters maintained in the code book
includes the number of bits per frame for each class and an index to the appropriate puncture
codes, rather than the puncture code themselves. The puncture codes, which may be quite lengthy
are may be repeated many times in the three dimensional code book, may be stored in a separate
table and linked to the code book via the index. As a result, each puncture code is only stored

" once and may be accessed via the puncture code index stored in the code book. This results in a

very efficient use of memory space.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described with reference to the following figures:
Fig. 1 is a simplified block diagram of the transmission portion of a conventional digital cellular
device; .
Fig. 2 is a diagram illustrating the operation of a conventional convolutional code;
Fig.3isa gra_ph illustrating a preferred embodiment of the three dimensional rate control input
parameters and coding parameters; |
Fig. 4 is a block diagram of the transmission portion of a digital cellular device according to a
preferred emb_odiment of the present invention;
Fig. 5 illustrates a concatenated memorj( elément according to a preferred embodiment of the
present invention; '
Fig. 6A illustrates a memory arranged as a three dimensional rate control code book according to
a preferred embodiment of the present invention; |
Fig. 6B illustrates a puncture code table according to a preferred embodiment of the present
invention; and
Fig. 7 is a flowchart illustrating a preferred method according to a preferred embodiment of the

present invention.



FUNCTI ON NAME : Bl TPUNI NDEX COPYRI GHT

Bi t Punl ndex63 . gl obal BitPunl ndex53 . gl obal BitPunl ndexSI
Bi t Punl ndex63 is used in Channel Codeclnit routine. It get$
is rbits.
this is the nenory address | abel for the ; 6.3kbps "
start of
l'ine reprggs

<

10

15

20

25

Based on the index, .it obtained the bit_class

*706a" . word 00000, OOOOO.h,__QOOOOh 00000h, $OCc6h <- each

Fig. 3 is a graph 400 illustrating the three dimensional rate control input and output coding
parameters. As seen in Fig. 3, a first axis 402 represents the number of information bits to be
encoded ixi a frame. A second axis 404 represents the number of bits the channel can currently
accept. The values of either or both of these two axes may vary With time on a frame by frame

-basis during a transmission. Associated with these varying values is a number of bit classes, seen

on a third axis 406. Typicaily, there are 2 finite number of bit classes, such as the five classes

" defined in G.723.1 Annex C. For each bit class there is associated a particular noumber of bits per
" class (i.e, the oumber of bits per frame which are to be partitioned into that particular class) and

a puncture code for that particular class. ' -

The invention is based on the property of the rate control algorithm that provides a discrete
mapping of parameters along the bit class axis 406 for each of the other axes 402, 404. The
appropriate coordinates of these three input variables lead to a memory location which providés
the correct variables for the current number of information bits to be encoded and the current
number of encoded bits which the channel may accept.

Fig. 4 is a simplified block diagram of a transmission portion of a digital wireless
communications device 500 according to a preferred embodiment of the present invention. The
device 500 may be a digiﬁl cellular phone which may be used with a TMS320C5x digital signal
processor made by Texas Instruments or other suitable processor. “The device 500 is similar to
the device 100 of Fig. 1. The device 500 according to the present invention, however, includes
a memory 502 which may include a memory space arranged as a three dimensional code book and
may also include a puncture code table, as discussed below.

As described in more detail below, the memory 502 is arranged in the following manner.
A first dimension of the code book is the number of information bits (i.e., & bits) in a frame (see
the first axis 402 of Fig. 3). The value of this first dimension is referred to as'the “mode”. For
each mode, there is a range of possible redundant bits which the channel can currently accept.
The number of redundant bits is derived from the channel capacity (see the second axis 404 of Fig.
3). The number of redundant bits is the parameter used as the second dimension in the code book.
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in conjunction with the parameters defined by the first and second axes. Thus, for each number
of information and redundant bits w1thm the range, there are associated scalable coding parameters

for each of a number of bit.classes. The coding parameters include: (1) the number of bits to be

5 partitioned into that class; and (2) the puncture code for that class. The puncture code may be
stored in the code book in the form of an index vihiéh is used to retrieve the puncture code from

a second table. If the number of information bits to be coded,' the number of codes bits the
channel can accept, and the number of bits classes used are known, the appropriate coﬁing
parameters for each bit class may be obtained. These parameters are read out and supplied to the

10 ° channel coder to solve the channel rate equation. The channel rate equation solution is used to
channel code the transmission. |

Struct 10 tion of a Preferred Embodiment
The structure and operation of a preferred embodiment of the present invention involve the
15 following definitions: ' |
i = the number of source information bits from the speech coder in a frame to be
coded, '
I = 'the total number of bits to be coded by the convolutional coder; this includes all of
the i bits and the CRC bits;
20 t= the mumber of tail bits used to set the convolutional coder to the zero state
| (convolutional codes use a number of tail bits at the end of the bit stream to set the
encoder to a zero state);
a = the number of available channel bits; _
r = the number of redundant bits available in the channel. Note thatr = a - I; and
25 R = kin, which is the convolutional coder rate where k is the number of information bits
(which may be any bit being convolutionally coded, including an information bit,
tail bit, or CRC bit) and # is the number of code bits output. |
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without convolution is 0, i.e., when a = I, that is, no redundant bits other than CRC bits are
available in the channel. For convolutional coding to occur, r > t. _

The memory 502 may include memory arranged as a three dimensional code book in the
following manner. The third dimension is arranged as follows. The puncture code and number
of bits in each class for a particular coding scheme using a particular number of bit classes (i.e.,
a finite element along axis 406) for each r value for each mode are calculated according to 2
particular rate control algorithm and saved. The puncture code may be identified according to an
index position in the puncture code table set. Because scalable channel coders typically rely on

" using a range of puncture codes to provide the scaling to ﬁ:eet channel capacity (for example,
- G.723.1 Annex C uses 24 puncture codes), it is inefficient to store the puncture code in the_c_ode

book for each coding condition. Rather, the present invention preferably provides a second
mexhory arranged as a puhcmre code table in which each puncture code is stored and identified
by its position in the table. The position in the table is referred to as the index. By storing the
puncture code index in the code book and linking the code book to the code table, the index may
be used to obtain and read the actual bits of a particular puncture code. By storing the puncture
codes once in a separate table results in a vefy efficient use of memory space.

As seen in Fig. 5, the puncture code index and number of bits per class values may be
stored in a single memory element 600. For example, the puncture code index 602 and the

* number of bits in the bit class 604 may be stored as a single entry. As described in detail below,

the puncture code index 602 may be linked to a puncture code table. In a preferred embodiment,
the memory element may contain a two byte value, with the puncture code index 602 as the most
significant byte and the mumber of bits in the bit class as the least significant byte 604.
Alternatively, larger coders and/or larger memory processors may concatenate the two parameters
from two 16 bit words into one 32 bit word.

Fig. 6A is a block diagram illustrating a preferred embodiment of the three dimensional
code book 700 found in memory S02. As seen in Fig; 6A, the second dimension is arranged as
follows. Each bit class entry 600 is combined into a table 702 for each possible r value 7042-704n
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 The first dimension is arranged as follows. Tables 702 for each r value are provided for

.

each mode 706a-706n. The appropriate number of bits per class and puncture code (or puncture
code index) for each class at a particular time while channel coding a digital cellular transmission

may be obtained as follows, first the mode is determined (i.e., the number of bits to be coded).

After the mode is determined, the number of redundant bits available in the channel is determined.
Once these two values are determined, the appropriate number of bits and puncture code (or
puncmre code index) for each class may easily be obtained.

As readily seen in Fig. 6A, a great number of purcture code index entries may be found
in the three dimensional code book 502. Because the puncture codes typically use a large amount
of memory (such as 3x16 bit words each), storing the appropriate puncture code in each entry of

the three dimensional code book 700 is an inefficient use of memory. As a result, in the preferred

embodiment of the present invention, each of the puncture codes (for example, G.723.1 Annex
C provides 24 puncture codes) is stored in a puncture code table.

Fig. 6B is a block diagram illustrating a preferred embodiment of a puncture code table 750
which may be found in the memory 502. The puncture code table 750 may be linked to the

- puncture code index values 602 stored in the three dimensional code book 700. The puncture code

20

table 750 may store each of the puncture codes, such as the 24 puncture codes of G.723.1 Annex
C. | '

The position of a particular code in the table is referred to as the index. The three
dimensional code book 700 preferably stores a puncture code index in the memory elements 600.
The index identifies the appropriate puncfure code to be retrieved from the puncture code table
750. The three dimensional code book 700 preferably is linked to the puncture code table 750 and
uses the puncture code index values to retrieve the appropriate puncture code.

The inventors have written computer code in the C language which deteimines the
appropriate outputs for the G.723.1 Annex C rate control algorithm and generate the code book

in an assembly language format suitable for use with, for example, the TMS320C5x DSP. The

code book is stored in memory 502. In the TMS320C5x, the memory 502 includes a file entitled
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bitpunin.asm. This computer code comprises added lines to the G.723.1 AntE Fecend
algorithm which cycles through all combinations in the 3D space, calculates the coding
parameters, and stores them in the bitpunin.asm file. Attached as Appendix A is an
abbreviated copy of this code with comments. '

Fig. 71 isa flow chart 800 illustrating a preferred method of channel coding a transmission
in a digital cellular device which uses a rate companble punctured convolutional code and an
unequal error protection system. First, the mode is determined and the address for the block of
memory 706n for that mode is retrieved (step 802)'. Next, the r value is calculated based on the
giw_/en mode and available channel caphcity (step 804). Then, the r value is muitiplied by the

" number of bit classes to get to the correct position on that table, i.e., the beginning of the correct

set of entries for that particular value of r in that mode. (step 806). The appropriate r value
memory address is obtained by adding the product of (t x bit class) to the mode block address (step
808). The concatenated memory entries 600 for one bit class may be read out of memory (step
810) and provided to the channel coder 108 to solve the channel rate equation. The puncture index
(high byte 602) is selected and added to the puncture code table address (step 812). The puncture
code is read, for example by using the puncture code index to retrieve the appropriate puncture
code from the puncture code table 750. The puncture code 750 may be stored in a temporary
memory for use by the convolutional coder. This temporary memory may be RAM located in the
memory 502 and may be reused each time new codes are decoded/extracted from the code book
or puncture code table (step 814). Next, the number of bits per class (low byte 604) is read and
stored in a temporary memory (step 815). Next, it is determined if all of the bit classes have been
decoded (step 816). If no, the memory address is incremented by one (step 818) and steps 810 -
814 are repeated. If yes, the method ends. The decoded information may be used to solve the
channel rate equation in order to channel code the transmission. The method may be performed
each time there is a change in the input variables during a transmission.

The inventors have implemented this method using G.723.1 Annex C parameters. The
implementation is in assembly code for the TMS320C5x DSP and stored in a file entitled
chan_ini.asm. An edited eopy of this code is attached as Appendlx B.



trrp'- . .. usect ".tnpl8",8,1 rbits : RE@EACEMEN%SHEET

. set tmp+l NInfoBits - . set t rrp+2 addr T Sel t fp+3
bi t pundat . set t mp+3 ;'S words pundt up = B ef]
t mp+3 ' ;5 words . def Channel Codecl ni t ' .Jt Qé Jﬂﬁ@%

flr ame

*Channel Codecl nit ; Determine the nunber of avail able i
(mul'tiply by 0.03) 12

In short, an improved manner for obtaining coding parameters for a scalable channel

_coding scheme is provided. Rather than repeatedly performing a channel rate algorithm, which
may require many millions of instructions per second, the appropﬁate values are predetermined
and stored in a memory. The memory is arranged as a three dimensional code book so that the

5 apptopriate-parameters may be quickly obtained. Moreover, the puncture codes may be stored
in a second table and accessed by a puncture code 'index. As a result, the lengthy puncture codes
are stored only once, rather than stored in connection with each coding condition in which a
particular puncture code is used. This provides efficient use of memory.

The above described embodiments of the invention are intended to be illustrative only.
10 Many alternative embodiments may be devised by those skilled in the art without departing from
the spirit and scope of the following claims. For example, the present invention has been
described with reference to GSM G.723.1 Annex C. A person skilled in the art readily recognizes
that the present invention ﬁxay be used in connection with scalable channel coding for any source

having unequal error protection and which adapts to channel and source conditions.



It SysChannel Bitrate npy

;Cbhits =1 _shr(L_tnp,Z1) bsar 5
;i f Gr23-node = 0 bend r53, neq ;
MODE spl k *Bi t Punl ndex63, addr ;

"Bi t Punl ndex63" (see bitpunin.txt) intal3

DEPARTMENT : -
PROJECT
FUNCTION NAME :

COPYRIGHT :

*31458 sph -tnP | acc tnp

sacl chits | acc
6.3 kbps ; >> DEFH
>> THE ABOVE CODE

KBPS

BITPUNIN. txt

APPENDIX A

MSA
G.723.1 LOW BIT RATE SPEECH (ANNEX C)

BITPUNINDEX

.global BitPunIndex63
.global BitPunlIndexS3
.global BitPunIndexsSID

.data

’

.. e

; BitPunIndex63 is used in ChannelCodecInit routine. It gets the index
which is rbits. Based on the index, it obtained the bit_class

;:<== this is the memory address label for the
;°6.3kbps "mode" e.g., the start of *706a°

BitPunIndex63

-> .woxrd 00000k, 00000h,

-> each line represents one
.word 00000h, 00000h,
.word 00000h, 00000h,
word 004600k, 000Q0hH,
.word 00000h,. 0000Q0H,"
.word 00000h, 00000hL,
.word . 00000k, 00000h,
.word 00000k, 00000k,
.word

¢

00000h, 00000h,

~ -~

; each number represents

.word
.word
.woxrd
.word

ete
.word
.word
.word
.word
.word
.word
.word
.word

etc
.word
.worad
.word

’

; which is rbits.

BitPunIndex53

l
\/
0013bk, 00026h,
00147h, 000lah,
00153k, 0000eh,
0015fh, 00002h,

00c31lh, 0092ch,
Q0c31h, 0092ch,
00c31h, 0092ch,
00c31lh, Q092ch,
G1831h, 0182ch,
01831h, 0182ch,
01831h, 0182ch,
01831h, 0182ch,

01831h, 0182c¢h,
01831h, 0182ch,
01831h, 0182ch,

00600h, 00000h, 000c6h <-
r value 704a,b,c,etc

00000h, 00000h, 000c6h
00000k, 00000h, 000cSh

Q0000h, QCOQ0h, 000c6h

00000h, 00000h, 000cSh
0Q000h, 00000h, 000c6h
00000h, 0Q000Ch, 000csh
00000h, 00000h, 000c6h
Q000Ch, 0Q0000h, 000c6h

~ ~ ~

; these are the five table entries, 702

the concatenated high/low byte

0002eh, 0002fh, 0000ch
0002eh, 0002£fh, 0000ch
0002eh, 0002fhR, 0000ch
0002eh, 0002f£h, 0000ch

0072eh, 0060fh, 00030h
Q072eh, 00611h, 0002eh
0072eh, 00613h, 0002ch
0082eh, 0060eh, 00031h
01828h, 0l43ch, Q0004h
0182eh, 01l43bh, 00004h
0182eh, 0l43ch, 00003h
0182eh, 0143dh, 00002h

0182dh, 0153fh, 00001lh
0182eh, 0153eh, 00001lh
0182dh, 01540h, 00000h

BitPunlIndex53 is used in ChannelCodecInit routine. It gets the index
Based on the index, it obtained the bit_class

; <== this is the memory address label for the



tenpory nenory "addr" bd new bits splk #NI nf o

sub #| bend sid _frameneq splk *Bi t Punl ndex5§;
new _bits splk #NI nfoBits5_3, NlnfoBits sid_franme splfk

#Bi t Punt ndexSI D, addr  spl k #NI nf.oBif“sSI D,NInfoBits 23 JAN 1999

CHAN_INI.txt .

APPENDIX B
: = DEPARTMENT : _° MSA
; PROJECT . G.723.1 LOW BIT RATE SPEECH (ANNEX C).
; FUNCTION NAME : ChannelCodelInit
; COPYRIGHT : ) IME
; Input paramter
; ARP = APl
: AR2 -> punctur )
: AR3 -> punctur_index . .
; AR4 -> bit_class : . *

ChannelCodeInit: Determine the parameters of the channel encoder given
the channel bitrate -

-----------------------------------------------------------------------------

.include “cst_c¢han.h”

tmp .usect ".tmpl8",8,1
rbits _ .set tmp’
cbits . get tmp+l
NInfoBits .set tmp+2
addr .set tmp+3
bitpundat . set tup+3 ;S words
puanctur_index . set tmp+3 ;5 words
.def ChannelCodeclait’
. text -
.mmregs

ChannelCodecInit
;Determine the number of available channel bits per frame (multiply by 0.03)

1t SysChannelBitrate
npy #31458
sph Lmp
lace tmp ;cbits = 1_shr(L_tmp,21)
bsar S
sacl cbhits
lace G723 _mode ;if G723_mecde = 0
bend r53,neq :
: 6.3 kbps

; >> DEFAULT MODE IS 6.3 KBPS MODE
splk #BitPunIndex63, addr

>> THE ABOVE CODE WRITES THE ADDRESS "BitPunIndex63" (see bitpunin.txt) into
: tempory memory “addr”

hd néw_bits

splk ¢NInfoBits6_3,NInfoBits
rs3

. sub 1 .

bend sid_frame,neq

splk $BitPunindexS3, addr

bd new_bits

splk $NInfoBits5_3,NInfoBits
sid_frame

splk ¥BitPunIndexSID,addr
splk #NInfoBitsSID,NInfoBits

new_bits
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L.

A method for determining scalable channel coding parametet;s for transmitting and

receiving in a digital communications device using a rate controlled punctured

convolutional code and an unequal error protection system, the method comprising the

steps of : ' | '

a. determining a number of bits to be encoded;

b.  determining a number of encoded bits which may be accepted by a channel; and

c. obtaining from a memory the scalable channel coding parameters for the
determined number of bits to be encoded and determined number of encoded bits
which may be accepted.

The method of claim 1, wherein the step of determining the number of bits to be em-:oded

further comprises the step of determining a mode of the transmission.

The method of claim 2, wherein for each mode there is a range of values of numbers of
encoded bits which may be accepted by the channel and for each value there are a
predetermined number of bit classes each having an associated puncture code and number
of bits to be encoded, the step of obtaining further comprising obtaining from the memory
the puncture code and number of bits to be encoded for each of the bit classes for the
determined mode and determined number of encoded bits which may be accepted by the
channel.

The method of claim 3, wherein the step of obtaining from the memory the puncture code

further comprises: _ '

a. obtaining a puncture code index from a first table; and

b. using the obtained puncture code index, obtaining the puncture code from a second
table.
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7. A method of channel coding onto a channel a transmission in a digital cellular device using
a rate compatible punctured convolutional code and an unequal error protection system,
the method comprising:
0 a determining a mode of the transmission;
b.  retrieving from a memory a memory block associated with the determined mode;
c.  determining a number of redundant bits the channel may accept;
d.  multiplying the determined number of redundant bits by a number of bit classes;
e.  using a product of the multiplying step, obtaining a table of values in the retrieved
15 memory block; | '
f. reading from the table scalable channel coding parameters;
g. using the read scalable channel coding parameters to solve a channel rate equation;
ad | |
h.  using the channel rate equation to at least one of channel code and channel decode
20 the transmission. '

8. The method of claim 7, wherein the step of reading from the table further comprises:
a. reading from the table a puncture code index; and
b. using the puncture code index, reading a puncture code from a second table.

9. A memory in a digital cellular com_municaﬁons device for storing scalable channel coding
parameters, comprising: '

a.  memory blocks corresponding to each of a plurality of transmission modes;
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parameters froma s4iidlng e Memory blotk into a number of tables; okt . :

éorresponding to one of a range of redundant bit availability values; and

c. each table comprising scalable channel coding parameters for one of a plurality of

bit classes.
) 5 | :
10. The memory device of claim 9, wherein the scalable coding parameters include a puncture
code index and a number of bits to be encoded in that bit class.
11. The mefnory device of claim 10, wherein the puncture code index and number of bits to
10 ' be encoded are stored in a single rhemory element.

12.  The memory device of claim 11, wherein the puncture code index and oumber of bits to
be encoded are concatenated into a single memory element.

15 13.  The memory device of claim 9, further comprising a puncture code table linked to table
comprising scalable channel coding parameters.

14.  The memory device of claim 13, wherein the puncture code table contains each of a

plurality of puhcﬁlre codes. ' | | |
20 : : . -

15. The memory device of claim 14, wherein each entry of the table comprising scalable
channel coding parameters contains a puncture code index, each puncture code index
corresponding to one of the plurality of puncture codes contained in the puncture code
table.
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: ABSTRACT
A digital cellular telephone using a scalable channel coding scheme includes a memory

arranged as a three-dimensional code book. The three-dimensional code book may receive the
following three input variables:

1. The number of bit classes; :

2. The oumber of bits per frame to be coded; and

3. The available size of the output codeword based on available channel capacity.

For each of these input variables, the three-dimensional code book may output the
followxng scalable coding parameters

L. Thenumberofbusperﬁ'amcarepamnonedmtoeachofthecodmgclasses and

2. The puncture code per class. - R
The invention provides the scalable coding parameters in real-time. It does this, however, without
calculating'the parameters in real-time. "The memory may be arranged in the following manner.
A number of information bits to be coded is determined by a mode of the transmission signal. For
each mode, entries are maintained for each channel availability from a mm;mum value to a
maximum values for a particular mode. For each channel availability entry, the scalable coding
para.meters for each bit class is maintained.

Fig. 3
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