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METHODS AND APPARATUS FOR WIRELESS TRANSMISSION
USING MULTIPLE DESCRIPTION CODING

Abstract

A multiple description coder generates a number of different descriptions of a given
portion of a signal in a wireless communication system, using multiple description scalar
quantization (MDSQ) or another type of multiple description coding. The different
descriptions of the given portion of the signal are then arranged into packets such that at
least a first description of the given portion is placed in a first packet and a second
description is placed in a second packet. Each of the packets are then transmitted using a
frequency hopping modulator, and the hopping rate of the modulator is selected or
otherwise configured based at least in part on the number of descriptions generated for the
different portions of the signal. For example, in an embodiment in which two descriptions

are generated for each portion of the signal, a first description for a current one of the

modulator is doubled relative to a hopping rate used for single description transmission.
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METHODS AND APPARATUS FOR WIRELESS TRANSMISSION
USING MULTIPLE DESCRIPTION CODING

Field of the Invention

The present invention relates generally to multiple description (MD) coding of data,
speech, audio, images, video and other types of signals, and more particularly to wireless
transmission techniques for use in conjunction with MD coding of signals.

Background of the Invention

Multiple description (MD) coding is a source coding technique in which multiple bit
streams are used to describe a given source signal. Each of these bit streams represents a
different description of the signal, and the bit streams can be decoded separately or in any
combination. Each bit stream may be viewed as corresponding to a different transmission
channel subject to different loss probabilities. The goal of MD coding 1s generally to
provide a signal reconstruction quality that improves as the number of received descriptions
increases, without introducing excessive redundancy between the descriptions.

By way of example, two-description MD coding is characterized by two descriptions
having rates R; and R, and corresponding single-description reconstruction distortions D
and D, respectively. The single-description distortions D, and D, are also referred to as
side distortions. The distortion resulting from reconstruction of the original signal from
both of the descriptions is designated D, and referred to as the central distortion. Similarly,
the corresponding single-description and two-description decoders are called side and
central decoders, respectively. A balanced two-description MD coding technique refers to
a technique in which the rates R; and R, are equal and the expected values of the side
distortions D; and D, are equal.

A well-known MD coding approach known as MD scalar quantization (MDSQ) is
described in V.A. Vaishampayan, “Design of multiple description scalar quantizers,” IEEE

Iransactions on Information Theory, Vol. 39, No. 3, pp. 821-834, May 1993, which is

incorporated by reference herein. In an example of two-description MDSQ), a given signal
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sample 1s quantized using two different scalar quantizers, and each quantizer output 1s
transmitted on a corresponding one of two different channels. If either channel is
received by itself, the original signal sample value 1s known within a given quantization
cell of that channel. If both channels are received, the original value 1s known within the
intersection of 1ts quantization cell in one channel and its quantization cell in the other. In
this manner, an MDSQ system provides coarse information to side decoders and finer
information to a central decoder.

Although these and other MD coding techniques are well known in the art, a need
nonetheless exists for improvements in the implementation of MD coding in practical
applications, particularly in wireless communication system applications such as
frequency hopping wireless systems.

In accordance with one aspect of the present invention there is provided a method
of processing a signal for transmission in a wireless communication system, the method
comprising the steps of: encoding the signal in a multiple description coder which
generates a plurality of different descriptions of a given portion of the signal; arranging
the different descriptions of the given portion of the signal into packets such that at least a
first description of the given portion is placed in a first packet and a second description of
the given portion is placed in a second packet; and transmitting each of the packets using
a frequency hopping modulator, wherein a hopping rate of the modulator is configured
based at least in part on a number of descriptions generated for each of a plurality of
different portions of the signal.

In accordance with another aspect of the present invention there is provided an
apparatus for processing a signal for transmission in a wireless communication system,
the apparatus comprising: a multiple description coder operative to generate a plurality of
different descriptions of a given portion of the signal, the different descriptions of the
given portion of the signal being arranged into packets such that at least a first description
of the given portion is placed in a first packet and a second description of the given

portion 1s placed in a second packet; and a frequency hopping modulator having an input
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coupled to an output of the multiple description coder and operative to configure the
packets for transmission, wherein a hopping rate of the modulator 1s configured based at
least in part on 2 number of descriptions generated for each of a plurality of different

portions of the signal.

Summary of the Invention

The present invention provides improved wireless transmission techniques for use
in conjunction with multiple description (MD) coding.

In accordance with one aspect of the invention, a multiple description coder
generates a number of different descriptions of a given portion of a signal in a wireless
communication system, using multiple description scalar quantization (MDSQ) or another
type of multiple description coding. The different descriptions of the given portion of the
signal are then arranged into packets such that at least a first description of the given
portion is placed in a first packet and a second description of the given portion is placed
in a second packet. Each of the packets are then transmitted using a frequency hopping
modulator, and the hopping rate of the modulator is selected or otherwise configured
based at least in part on the number of descriptions generated for the different portions of
the signal.

By way of example, in an illustrative embodiment of the invention in which
two descriptions are generated for each portion of the signal, a first description
for a current one of the portions of the signal is placed in a current packet along
with a second one of the descriptions for a previous portion of the signal. The
packet size for the first and second packets is selected as one-half a packet

s1ze used for transmission of a single description of
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the given portion of the signal, and the frequency hopping rate of the modulator is doubled

relative to a hopping rate used for single description transmission.

Advantageously, the present invention in the illustrative embodiment does not
increase the transmission delay of the system, due to the doubling of the frequency hopping
rate. In addition, sending the descriptions for a given portion of the signal in two different
packets prevents the loss of both descriptions if only a single packet is lost.

The techniques of the invention are particularly well-suited for use in applications
such as cordless teléphones, but can also be used in other types of wireless systems. In
addition, the techniques of the invention are suitable for use in conjunction with signal
transmission over many different types of channels, including lossy packet networks such

as the Internet as well as broadband ATM networks, and may be used with data, speech,
audio, images, video and other types of signals.
Brief Description of the Drawings

FIG. 1 shows an exemplary wireless communication system in accordance with an
illustrative embodiment of the invention.

FIG. 2 shows a more detailed example of a transmitter portion of the system of FIG.
1 1n one application of the present invention.

FIGS. 3A, 3B and 3C illustrate operating parameters of a first example
implementation of a multiple description (MD) coder in accordance with the invention.

FIGS. 4A, 4B and 4C illustrate operating parameters of a second example
implementation of an MD coder in accordance with the invention.

FIG. 5 illustrates an interleaving process implemented in the transmitter of FIG. 2

in accordance with the present invention.

Detailed Description of the Invention

The 1vention will be illustrated below in conjunction with exemplary
communication systems which incorporate multiple description (MD) coding. It should be
understood that the techniques described may be applied to transmission of a wide variety

of different types of signals, including data signals, speech signals, audio signals, image
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signals, and video signals, in either compressed or uncompressed formats. The term
“channel” as used herein refers generally to any type of communication medium for
conveying at least a portion of an encoded signal, and is intended to include a packet or a
group of packets. The term “packet” is intended to include any portion of an encoded signal
suitable for transmission as a unit over a network or other type of communication medium.

FIG. 1 shows a wireless communication system 100 configured in accordance with

an ilustrative embodiment of the invention. The system 100 includes a transmitter 102 and

~arecerver 104 which communicate over one or more wireless channels 106. The transmitter

102 1n thus illustrative embodiment includes a multiple description-adaptive differential puise
code modulation (MD-ADPCM) coder 110, a Reed-Solomon (RS) coder 112, and a cyclie
redundancy check (CRC) coder 114. The receiver 104 includes a CRC decoder 1 16, an RS
decoder 118, and an MD-ADPCM decoder 120, which elements perform operations
complementary to those performed by the corresponding elements of the transmitter 102.

In operation, an analog signal to be transmitted through system 100 is sampled and
the resulting samples are applied to an input of the MD-ADPCM coder 110. It may be
assumed without limitation that the input signal is an audio signal, such as a speech signal
generated 1n a cordless telephone application of the system 100. As noted previously, the
invention s applicable to a wide variety of other types of signals. The MD-ADPCM coder
110 generates multiple description bit streams from the signal samples in a manner to be
described in greater detail below. The multiple description bit streams are then encoded in
coders 112 and 114 for transmission through the wireless channel(s) 106 to the receiver
104. The receiver 104 performs CRC and RS decoding of the received bit streams, and
applies the resulting outputs to the MD-ADPCM decoder 120 to reconstruct the original
signal samples.

The system 100 is simplified for purposes of clarity of llustration, and may include
elements not shown in FIG. 1, such as modulators, demodulators. filters, signal converters,
etc. It should also be understood that the arrangement of elements shown in FIG. 1 is by

way of example only. The MD coding techniques of the invention may be implemented
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using many other types and arrangements of elements, as will be apparent to those skilled

in the art. For example, it will be appreciated that the invention does not require use of

ADPCM.

FIG. 2 shows a more detailed example of a transmitter 102’ suitable for use in the
system 100. In this example, the transmitter 102’ includes the MD-ADPCM coder 110, a

(15,11) RS coder 112’ and a 16-bit CRC coder 114’. A given packet of audio information
applied to the input of the MD-ADPCM coder 110 in this example includes 5 milliseconds

of speech, sampled at a rate of 8 kHz, for a total of 40 consecutive samples. The transmitter

102° turther adds a number of command bits 122 to the output of the MD-ADPCM coder
110, and a number of framing bits 124 to the output of the 16-bit CRC coder 114’. The

particular numbers of command and framing bits per packet are dependent upon the specific
implementation of the system, and may be determined in a straightforward manner.

In the illustrative embodiment as shown in FIGS. 1 and 2. it is assumed without
limitation that the MD-ADPCM coder 110 is implemented as a modification of an otherwise

conventional single description G.726 coder as described in International Telegraph and

Telephone Consultative Committee (CCITT) Recommendation G.726, “40, 32, 24. 16 kbit/s

~ Adaptive Differential Pulse Code Modulation (ADPCM),” December 1990, which is

incorporated by reference herein. An unmodified conventional single description G.726
coder in the FIG. 2 example would encode each of the 40 consecutive samples of a given
5 millisecond speech segment using 4 bits, and thus operates at a bit rate of 32 kbit/s. The
operation of the single description G.726 ADPCM coder is well understood in the art, and
described in detail in the above-cited reference, and will therefore not be further described
herein.

The operation of the conventional single description ADPCM coder is modified in
the rllustrative embodiment so as to produce multiple descriptions of each input sample. As

a result, the coder uses additional bits and operates with a higher coding rate. In the

particular implementations to be described in conjunction with FIGS. 3 and 4 below, the
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resulting MD-ADPCM coder bit rates are 48 kbit/s and 40 kbit/s, respectively. The multiple
descriptions in these implementations of the illustrative embodiment are generated using MD
scalar quantization (MDSQ) techniques of a type similar to that described in the above-cited

V.A. Vaishampayan reference.

The transmitter 102’ of FIG. 2 further includes a frequency hopping modulator 125.

The modulator 125 modulates the coded bit streams from CRC coder 114’ onto a carrier

frequency for transmission over the wireless channel(s) 106. The frequency hopping is used
to introduce diversity into the transmission, and is preferably periodic. For example,
consecutive packets may be sent on one of 25 different frequencies {f,}, wheren=1, 2. .
.. 25. More particularly, a given packet » + 25 - p may be sent on the #th frequency 7,
where p 2 0 1s an index denoting a particular frequency hopping period.

An aspect of the present invention involves selection of a frequency hopping rate for
the modulator 125 so as to support the transmission of the multiple descriptions generated
by the MD-ADPCM coder. This aspect of the invention will be described in greater detail
in conjunction with FIG. 5.

FIGS. 3A, 3B and 3C illustrate operating parameters of the MD-ADPCM coder and
decoder in a 48 kbit/s implementation of the illustrative embodiment. In the above-noted
32 kbit/s conventional single description ADPCM coder, a 15-level quantizer is used to

quantize a prediction error d(k) for each input sample, as described in the above-cited G.726

Recommendation, and a 4-bit index is used to specify each of the resulting quantization

levels. The multiple descriptions of the present invention are generated using the output of
the 15-level quantizer and an index assignment table. In this implementation, two
descriptions of 3 bits each are generated for every input sample, such that a total of 6 bits
are generated for each sample, rather than the 4 bits used in the single description case. This

increases the bit rate of the coder from the single description baseline of 32 kbit/s to a

multiple description rate of 48 kbit/s.
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FIG. 3A shows an index assignment table for the 48 kbit/s implementation. In the
table, 7; 1s the index of the first description, and /; is the index of the second description.
The values in the cells of the table are the indices of the 15 different levels of the above-
noted 15-level quantizer. The levels are arranged in the table using 3-bit two’s complement
notation, suchthat § <9< .. . <14<15<1<2<,..<6<7.

In operation, the above-noted 15-level quantizer generates a particular 4-bit index
corresponding to a level associated with the current input sample. That value is used in the
MD-ADPCM decoder 110 to determine the index values for the first and second
descriptions using an index assignment table, such as the index assignment table of FIG. 3A.

For example, 1f the 15-level quantizer generates as an output the 4-bit index for level 15,
the first and second descriptions will be 5 and 4, respectively, as determined from the FIG.
3A table. In the receiver 104, if both descriptions 5 and 4 are correctly received, the MD-
ADPCM decoder uses the index assignment table of FIG. 3A to determine that the quantizer
level for the sample is level 15. Therefore, when both descriptions are received, the
performance is the same as that resulting in the single description case with correct receipt
of the single description. If only one of the descriptions 5 and 4 are received the MD-
ADPCM decoder 1n the receiver can output a coarse approximation of the input sample.

More particularly, if the first description 5 is lost and only the second description 4 is
correctly recerved, the decoder can output a midpoint of the levels 14 and 15. Additional
details fegarding the operation of MDSQ techniques of this type can be found in the above-
cited V.A. Vaishampayan reference.

FIGS. 3B and 3C show quantization and inverse quantization of the prediction error
for the first and second descriptions, respectively. In the tables, /; and i, again denote the
indices of the respective first and second descriptiqns, [I(k) | is the bin index of the single
description 15-level quantizer, DS is the sign of the prediction error, DLN is the inner value
of log; | d(k) | - y(k) in 12-bit two’s complement notation, DQS 1s the sign of the output of
a corresponding inverse quantizer, and DQLN is the normalized output in 12-bit two’s

complement notation. DQS and DQLN represent the output of the inverse quantizer when
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only the first or second description are received in the MD-ADPCM decoder. W and F

denote the values used 1n quantization scale factor adaptation and adaptation speed control
blocks, respectively, of the MD-ADPCM coder and decoder. Finally, *i is the value used
in synchronous coding adjustment in the MD-ADPCM decoder. It should be noted that the

values shown in 1talics in the tables are selected for the particular implementation, while all
other values are specified in the above-cited G.726 Recommendation.

For each description, considered separately, reconstructed values in the inverse
quantization were determined for every index of the description. It was determined
experimentally that a suitable approach for determining the inverse quantization was to take
for a given description an average of the corresponding two reconstructed values of the
single description or “fine” quantization. For example, from FIG. 3A it can be seen that for
index 7 of the first description, the corresponding two reconstructed values of the fine
quantization are 4 and 5. Other parameters in the tables of FIGS. 3B and 3C were
determined as follows;

24 |[(k) | | = min (fine quantization) + (1/5) - (max - min),

A | I(k) !] = max (fine quantization), but 6 instead of 7 if the cell of the table
corresponds to the two cells in the fine quantization, and

*i = closest index to the center.

FIGS. 4A, 4B and 4C illustrate operating parameters of the MD-ADPCM coder and
decoder in a 40 kbit/s implementation of the illustrative embodiment. In this
implementation, first and second descriptions of 2 and 3 bits, respectively, are generated for
every input sample. As a result, a total of 5 bits are generated for each sample, rather than
the 4 bits used in the single description case. This increases the bit rate of the coder from
the single description baseline of 32 kbit/s to a multiple description rate of 40 kbit/s. In
order to have a balance in rate and distortion between the descriptions, the index assignment
1s configured to alternate on a sample-by-sample basis. -

FIG. 4A shows an index assignment table for the 40 kbit/s implementation, and

F1GS. 4B and 4C show the quantization and inverse quantization of the prediction error for
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the respective first and second descriptions. The notation in these tables is the same as that
previously described in conjunction with FIGS. 3A, 3B and 3C.

For the first description, the inverse quantization is again determined as the average
of the two values of the fine quantization. Other parameters shown in the table of FIG. 4B
for the first description are determined in the same manner as that previously described in
conjunction with FIG. 3B for the first description of the 48 kbit/s implementation.

For the second description, the inverse quantization is cietemﬁned as the average of
the three or four values of the fine reconstruction. By way of example, with reference to
the index assignment table of FIG. 4A, if the first description is lost and the received seconnd
description is 4, the inverse quantization is determined as an average of the fine quantization
levels 3, 5 and 7 associated with the 15-level quantizer. Other parameters for the second
description as shown in the table of FIG. 4C are determined as follows:

74 ] (k) | | = second (fine quantization) + (1/5) - (third - second), where the three
or tour values of the fine quantization are ordered from smallest to largest.

Id| b (k) | | = average (fine qﬁantization), and

*i = second closest index to the center.

As noted previously, in the illustrative embodiment as shown in FIG. 2, the
frequency hopping modulator 125 periodically hops in frequency. One possible single
description implementation of the modulator 125 in a cordless telephone application hops

among 25 different frequencies {f,}, wheren=1,2, . .. 25, using a hopping period of 125

nulliseconds. Each 5 millisecond speech segment in such an application 1s thus sent in a
difterent packet on a different frequency. The modulator 125 thus cycles through the 25
hopping frequencies in each 125 millisecond hopping period in the single description case.

The present invention provides a multiple description interleaving strategy that
involves configuring the frequency hopping rate of the modulator 125 for transmission of

the previously-described multiple descriptions. In order to avoid an increase in the
transmission del‘ay, the frequency hopping rate used for transmission of the multiple

descriptions in the illustrative embodiment is doubled relative to the hopping rate used for
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the above-noted single description implementation. Consecutive input samples are
separated into groups of 20 samples. A given packet is generated using the samples
assoclated with a first description of a current 20-sample group and the samples associated

with a second description of the previous 20-sample group. Each packet is still transmitted

5 using a particular one of the 25 frequencies, but the packet is configured in the manner
described above to include a first description of a current group of samples and a second
description of a previous group of samples. In other words, the first description of the
current 20-sample group is sent in the current packet, and the second description is delayed

and sent with the next packet. The frequency hopping rate is doubled, such that the

10 frequency hopping period for the illustrative embodiment is reduced to 62.5 milliseconds.

The terms “selecting” or “configuring” as used herein with regard to the
configuration of the hopping rate of the frequency hopping modulator should not be
construed as requiring the use of a modulator with a selectable hopping rate. These terms
are intended more generally to encompass any mechanism or technique for establishing a

15 particular hopping rate for a frequency hopping modulator. For example, although the
invention can be used in embodiments in which a frequency hopping modulator has
selectable hopping frequencies, it may also be used in embodiments in which the hopping
rate 1s configured during design of the system, based at least in part on the number of
descriptions generated in the particular system design, and remains fixed thereafter. The

20 mvention thus does not require that a frequency hopping modulator be operable 1n both a
single description and multiple description mode.

FIG. 5 illustrates the above-described interleaving strategy as implemented using the
MD-ADPCM coder 110 and the frequency hopping modulator 125 of FIG. 2. A number
of 20-sample groups are shown in the figure and are denoted A, B, C, D, etc. As previously

25 noted, each of the 20-sample groups in the illustrative embodiment corresponds to 2.5
milliseconds of speech. For each of the 20-sample groups, two descriptions are generated
using the techniques described previously. These two descriptions are denoted for group

Aas A.l and A 2, for group B as B.1 and B.2, and so on. A given 2.5 millisecond packet
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is generated for a current 20-sample group as a combination of the first description for that
group and the second description for the previous 20-sample group. For example, the first
description B.1 is grouped with the second description A.2 to form a packet, the first
description C.1 is grouped with the second description B.2 to form a packet, the first
5 description D.1 is grouped with the second description C.2, and so on.

Advantageously, the interleaving strategy of the present invention as illustrated in
FI1G. 5 does not increase the transmission delay of the system, due to the doubling of the
frequency hopping rate. In addition, sending the descriptions for a given group of samples
In two different packets prevents the loss of both descriptions if only a single packet is lost.

10 More particularly, a single packet loss results in the loss of the first description of the

current 20-sample group, and the second description of the previous 20-sample group. The
decoder 1n this situation can use the received descriptions from another packet to generate
a coarse approximation of the input samples.
It should be noted that the system operating parameters described in conjunction
15 with FIGS. 3, 4 and 5 above are provided by way of example only, and should not be
construed as limiting the scope of the invention in any way. For example, the invention can
be implemented using more than two descriptions for a given group of samples, and
different frequency hopping arrangements.
The MD coding and interleaving operations described above can be implemented in
20 the 1llustrative embodiment through appropriate modification of one or more functions of
the above-noted conventional single description G.726 ADPCM coder. More particularly,
conventional G.726 coder functions as described in the above-cited G 726 recommendation

can be modified in the following manner:

L. Function g726_quant. This function performs the quantization of log, | a(k) |

- 25 - (k). It can be modified in order to output the two descriptions computed using the index

assignment table.

2. Function g726_reconst. This function computes the inverse quantization. It can

be modified to implement the following processes:

B e e e e T v O O
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(a) If both descriptions are input, the index assignment table is used to find
the index of the fine quantizer, and this index is used to output the inverse quantization
value (DQS and DQLN).

(b) If only one description is input, this description is used to output the
corresponding reconstructed values DQS and DQLN given in FIGS. 3B and 3C for the 48
kbit/s implementation or in FIGS. 4B and 4C for the 40 kbit/s implementation.

(¢) If no description is input, a zero is output.

3. Function g726_functw. This function implements the function W, and is
modified to handle the same three cases described above for the function g726 reconst.

4. Function g726_functf. This function implements the function £ and is modified
to handle the same three cases described above for the function g726_‘_reco"nst.

5. Function g726_sync. This function implements the synchronous coding
adjustment. Since it makes use of the transmitted quantization index *. it is modified to
handle the case when only one description is received.

6. Functions g726_tone and g726_trans. These functions implement a tone and
transition detector. The detector is disabled in the illustrative embodiment, since only
speech signals are considered. Moreover, disabling the detector tends to lead to better
decoding quality.

The 1llustrative embodiment can be implemented using otherwise conventional
processing and memory elements in the multiple description coder 110 and decoder 120

Such elements may include, e.g., a microprocessor, an application spectfic integrated circuit
(ASIC) or another type of digital data processor operating in conjunction with one or more
software programs stored in an electronic memory or other storage device. For example,
the index assignment tables described above can be stored in this manner and utilized by a

digital data processor to implement the corresponding processing functions.

It should again be emphasized that the above-described embodiment of the invention
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invention does not require the use of ADPCM or any particular type of frequency hopping.
Moreover, the invention may be used for a wide variety of different types of input signals,

and i numerous multiple description coding applications other than those described herein.
These and numerous other alternative embodiments within the scope of the following claims

5 will be apparent to those skilled in the art.
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Claims

1. A method of processing a signal for transmission in a wireless communication
system, the method comprising the steps of:

encoding the signal in a multiple description coder which generates a plurality of
different descriptions of a given portion of the signal;

arranging the different descriptions of the given portion of the signal into packets
such that at least a first description of the given portion is placed in a first packet and a
second description of the given portion 1s placed in a second packet; and

transmitting each of the packets using a frequency hopping modulator, wherein a
hopping rate of the modulator is configured based at least in part on a number of

descriptions generated for each of a plurality of different portions of the signal.

2. The method of claim 1 wherein the multiple description coder comprises a

multiple description coder configured to 1mplement multiple description scalar

quantization (MDSQ).

3. The method of claim 1 wherein the multiple description coder comprises a

multiple description adaptive differential pulse code modulation (ADPCM) coder.

4. The method of claim 1 wherein each of the portions of the signal corresponds to a

designated segment of the signal having a particular time duration.
5. The method of claim 1 wherein the signal comprises a speech signal.

6. The method of claim 1 wherein the wireless communication system comprises a

cordless telephone system.

7. The method of claim 1 wherein the frequency hopping modulator is configured

such that each of the packets is transmitted using a different frequency:.

3. The method of claam 1 wherein the hopping rate of the frequency hopping
modulator i1s selected as twice a frequency hopping rate of the modulator used for

transmission of a single description of the given portion of the signal.
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9. The method of claim 1 wherein a packet size for the first and second packets is

selected as one-half a packet size used for transmission of a single description of the

given portion of the signal.

10.  The method of claim 1 wherein the encoding step generates two descriptions for
each of a plurality of different portions of the signal, with a first one of the descriptions
for a current one of the portions of the signal being placed in a current packet along with a

second one of the descriptions for a previous portion of the signal.

11. The method of claim 1 wherein the hopping rate of the frequency hopping
modulator 1s selected such that a transmission delay of the system 1s not increased as a
result of the transmission of the plurality of descriptions relative to a transmission delay

of the system for single description transmission.

12. An apparatus for processing a signal for transmission in a wireless communication
system, the apparatus comprising:

a multiple description coder operative to generate a plurality of different
descriptions of a given portion of the signal, the different descriptions of the given portion
of the signal being arranged into packets such that at least a first description of the given
portion 1s placed 1n a first packet and a second description of the given portion is placed
in a second packet; and

a frequency hopping modulator having an input coupled to an output of the
multiple description coder and operative to configure the packets for transmission,
wherein a hopping rate of the modulator 1s configured based at least in part on a number

of descriptions generated for each of a plurality of different portions of the signal.

13. The apparatus of claim 12 wherein the multiple description coder comprises a
multiple description coder configured to 1mplement multiple description scalar

quantization (MDSQ).

14.  The apparatus of claim 12 wherein the multiple description coder comprises a

multiple description adaptive differential pulse code modulation (ADPCM) coder.
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15. The apparatus of claim 12 wherein each of the portions of the signal corresponds

to a designated segment of the signal having a particular time duration.
16.  The apparatus of claim 12 wherein the signal comprises a speech signal.

17.  The apparatus of claim 12 wherein the wireless communication system comprises

a cordless telephone system.

18.  The apparatus of claim 12 wherein the frequency hopping modulator is configured

such that each of the packets is transmitted using a difterent frequency.

19.  The apparatus of claim 12 wherein the hopping rate of the frequency hopping
modulator is selected as twice a frequency hopping rate of the modulator used for

transmission of a single description of the given portion of the signal.

20.  The apparatus of claim 12 wherein a packet size for the first and second packets 1s
selected as one-halt a packet size used for transmission of a single description of the

given portion of the signal.

21.  The apparatus of claim 12 wherein the multiple description coder generates two
descriptions for each of a plurality of different portions of the signal, with a first one of
the descriptions for a current one of the portions of the signal being placed in a current

packet along with a second one of the descriptions for a previous portion of the signal.

22.  The apparatus of claim 12 wherein the hopping rate of the frequency hopping
modulator 1s selected such that a transmission delay of the system is not increased as a
result of the transmission of the plurality of descriptions relative to a transmission delay

of the system for single description transmission.
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