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Description

Related Applications

[0001] Related subject matter is disclosed in the fol-
lowing application assigned to the same assignee here-
of: U.S. Patent Application entitled "Efficient Comfort
Noise Transmission", Serial No. 09/635739, filed Au-
gust 11, 2000.

Background of the Invention

1. Field of the Invention

[0002] The present invention relates to communica-
tion; more particularly, wireless communications.

2. Description of the Related Art

[0003] Mobile communication systems typically trans-
mit a sequence of frames or messages that are repre-
sentative of the voice or data information being commu-
nicated. The frames or messages are passed between
a mobile station and a base station over air links. The
communications then continue between a base station
and a mobile switching center over a communication link
that is typically leased by the mobile communication
services provider. This leased link is a source of signif-
icant cost to the mobile communication services provid-
er. Communications then continue from the Mobile
Switching Center (MSC) to the public switched tele-
phone network (PSTN) and from there to a final desti-
nation.

[0004] During a typical communication session there
are periods of silence, near silence or no voice either
coming to a mobile or leaving a mobile. During these
periods of silence, a user at either end of the communi-
cation link may feel uncomfortable and falsely believe
that the communication path has been disrupted. In or-
der to make users at both ends of the communication
path feel more comfortable, comfort noise is injected in-
to the communication link when periods of silence, near
silence or no voice are detected. Comfort noise is simply
a static-like sound or a sound representative of back-
ground noise that allows a user to hear something indi-
cating that the communication link is still active during
periods of silence in a conversation. When a user at a
mobile is not speaking, the mobile generates comfort
noise which is passed over the communication links
composing the mobile communication system for deliv-
ery to a destination station via the PSTN. Similarly, when
a user at a destination station does not speak, the si-
lence or no voice condition is detected at the MSC. The
MSC injects comfort noise into the communication path
and thereby passes the comfort noise over the commu-
nication links within the mobile communication system
for delivery to the mobile.

[0005] Voice communications typically include nu-
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merous periods of silence which result in numerous
transmissions of messages containing comfort noise. It
is wasteful to transmit comfort noise over a costly link
such as the leased link between the base station and
MSC.

Summary of the Invention

[0006] The presentinvention provides a more efficient
use of communication links between elements of a com-
munication system. When periods of silence or messag-
es containing comfort noise are detected, a single com-
fort noise message is transmitted rather than a long se-
quence of comfort noise messages. As a result, the
bandwidth of communication links composing the mo-
bile communication system is not wasted by sending
large numbers of messages containing comfort noise.
The comfort noise is reconstructed at a communication
element receiving the reduced number of messages by
generating new comfort noise messages to replace the
missing comfort noise messages. One method of regen-
erating comfort noise messages is to simply repeat the
most recently received comfort noise message until a
new comfort noise message is received.

Brief Description of the Drawings

[0007]

FIG. 1 illustrates a communication system using a
reduced number of comfort noise messages;

FIG. 2 illustrates a simplified block diagram of a
base station;

FIG. 3illustrates a simplified block diagram of a mo-
bile switching center;

FIG. 4 illustrates a processor reducing the number
of comfort noise messages transmitted;

FIG. 5 illustrates a processor replacing missing
comfort noise messages;

FIG. 6 illustrates a comfort noise message used by
a QCELP vocoder; and

FIG. 7 is a set of tables used to replace comfort
noise used by QCELP vocoders.

Detailed Description

[0008] FIG. 1 illustrates a communication system em-
bodying the present invention. Mobile communication
system element 50 communicates with base station
communication system element 52 using an air link
comprising upward path 54 and downward path 56.
Communications from mobile 50 pass through base sta-
tion 52 over paths 58 and 60, and are passed to and
from MSC communication system element 62 over com-
munication paths 64 and 66 of link 68. Communications
to and from mobile 50 then pass from MSC 62 to public
switched telephone network communication system el-
ement 70 and destination communication system ele-
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ment 72 via communication link 74.

[0009] When a user of mobile 50 is not speaking or
there is near silence, mobile 50 generates a message
containing comfort noise which is transmitted over up-
ward path 54 to base station 52. Base station 52 detects
the comfort noise message in communication path 58
and transmits one out of every N consecutive comfort
noise messages to the next communication system el-
ement, which in this case is MSC 62. N may be any in-
teger, for example N may equal 16. When the MSC 62
receives a comfort noise message, it uses the received
message to replace the missing comfort noise messag-
es that were not transmitted by the base station. This is
illustrated in FIG. 1 where communication path 58 con-
sists of inward section 90 which carries a complete set
of messages containing comfort noise, and outward
section 92 which carries only a portion of the total
number of comfort noise messages received by base
station 52. The reduced number of comfort noise mes-
sages are passed over communication path 64 of link
68 to MSC 62. Inward section 110 of communication
path 112 of MSC 62 carries the reduced number of com-
fort noise messages. In response to receiving the re-
duced number of comfort noise messages, MSC 62 re-
places the missing comfort noise messages using cop-
ies of the most recently received comfort noise mes-
sage, and passes a complete set or sequence of mes-
sages along section 114 of communication path 112,
across link 74 and eventually to destination 72 via PSTN
70.

[0010] In asimilar fashion, when a user at destination
72 does not speak, a period of silence is detected by
MSC 62 by examining the data in a message or packet
received along inward section 116 of communication
path 118. In response to detecting a period of silence or
near silence, MSC 62 creates a comfort noise message
that is transmitted to a receiving communication system
element, which in this case is base station 52. In order
to minimize the amount of bandwidth used to transmit
comfort noise to base station 52, MSC 62 transmits one
comfort noise message for each N consecutive messag-
es or packets that it receives which correspond to si-
lence or near silence. MSC 62 sends the reduced
number of comfort noise messages along outward sec-
tion 120 of communication path 118 and over commu-
nication path 66 of link 68 to base station 52. Base sta-
tion 52 then receives the reduced number of comfort
noise messages on inward section 106 of communica-
tion path 60. In response to receiving the reduced
number of messages, base station 52 uses the most re-
cently received comfort noise message to replace the
missing comfort noise messages that were not transmit-
ted by MSC 62. The complete sequence of comfort
noise messages is sent along outward section 108 of
communication path 60 and then over downward path
56 to mobile 50.

[0011] Asaresultof sending less than a complete se-
quence or set of comfort noise messages between base
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station 52 and MSC 62, communication link 68 is used
more efficiently. It is also possible to use the bandwidth
of the communication links between base station 52 and
mobile station 50 more efficiently by sending less than
a complete set of comfort noise messages during peri-
ods of silence or near silence. In this case, it is helpful
transmit the headers of the comfort noise messages that
are not being transmitted. Transmitting the headers pre-
vent the mobile and base station from mistakenly as-
suming that the air link has been lost.

[0012] FIG. 2 illustrates a simplified block diagram of
base station 52. Base station 52 sends and receives sig-
nals on antenna 121. Signals to and from antenna 121
are passed through modulator/demodulator 122 and
then through multiplexer/demultiplexer 124 which sup-
plies signals to and receives signals from processors
126 and 128. Typically, a processor is provided for each
communication channel handled by the base station. To
simplify the figure, only two processors are shown. A
processor, such as processor 126, receives messages
that were transmitted by mobile 50 and received via
modulator/demodulator 122 and multiplexer/demulti-
plexer 124. Processor 126 performs functions such as
encryption and decryption, encoding and error correc-
tion. In addition to these functions, processor 126 deter-
mines whether a message contains comfort noise. This
can be detected, for example, by a relatively low ampli-
tude associated with the data in the message. In re-
sponse to receiving a message containing comfort
noise, processor 126 outputs one out of N consecutive
comfort noise messages. It is also possible for proces-
sor 126 to output any subset of the received comfort
noise messages. In this example, processor 126 out-
puts the reduced number of comfort noise messages
and passes them to multiplexer/demultiplexer 130. Mul-
tiplexer/demultiplexer 130 then passes the message
through communication link 68 to MSC communication
system element 62.

[0013] FIG. 3 illustrates a simplified block diagram of
MSC 62. A comfort noise message is received over link
68 by multiplexer/demultiplexer 150. Multiplexer/demul-
tiplexer 150 then provides an output to vocoders and/or
processors 152 through 154. A vocoder/processor is
typically assigned to each communication channel or
mobile user being serviced by MSC 62. Vocoder/ proc-
essors 152 through 154 are typically used to encode and
decode speech to minimize the amount of data required
torepresent the speech. In order to simplify the diagram,
only two vocoder/processors are shown. When vocod-
er/processor 152 receives the reduced set of comfort
noise messages, it uses the most recently received
comfort noise message to replace the missing comfort
noise messages. Vocoder/processor 152 then sends a
complete set of messages or packets indicative of si-
lence or near silence, or representative of comfort noise
to switch 160. Switch 160 then passes the complete set
of messages or packets to PSTN 70 for eventual deliv-
ery to destination communication system element 72.
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[0014] When a period of silence or near silence is de-
tected in a message or packet coming from PSTN 70 to
vocoder/processor 152 via switch 160, vocoder/proces-
sor 152 generates one comfort noise message for N
consecutive messages or packets that it receives which
correspond to silence or near silence. It is also possible
for vocoder/processor 152 to generate a larger number
of comfort noise messages where the number of comfort
noise messages is less than the number of silence or
near silence messages received. Vocoder/processor
152 detects periods of silence or near silence, for ex-
ample, by detecting a message or packet with data rep-
resenting voice or sound where the amplitude associat-
ed with that voice or sound is below a threshold. The
threshold may be,

for example, 5% of the maximum available amplitude
associated with the data representing the voice or
sound. The reduced set of comfort noise messages is
then passed through multiplexer/demultiplexer 150 and
over link 68 to multiplexer/demultiplexer 130 of base sta-
tion 52. The reduced set of comfort noise messages is
then received by processor 126 which uses the most
recently received comfort noise message to replace the
missing comfort noise messages. The complete set of
messages containing comfort noise are then passed
through multiplexer/demultiplexer 124 and modulator/
demodulator 122 for transmission over antenna 121 to
mobile 50.

[0015] FIG. 4 illustrates a processor reducing the
number of comfort noise messages transmitted. Proc-
essor 180 receives comfort noise messages 182, or in
the case of transmissions from a PSTN, messages or
packets indicative of silence or near silence. A typical
comfort noise message includes header portion 184 and
comfort noise section 186. After receiving a set of one
or more comfort noise messages, processor 180 trans-
mits one of N comfort noise messages received. Trans-
mitted comfort noise messages 188 illustrates the com-
fort noise messages transmitted by processors 180 in
response to receiving comfort noise messages 182. It
should be noted that the sequence of comfort noise
messages transmitted by the processor includes peri-
ods 190 that do not contain comfort noise messages. It
should also be noted that processor 180 transmitted the
first two received comfort noise messages before enter-
ing period 190 where comfort noise messages are not
transmitted. Processor 180 may receive any number of
comfort noise messages before entering period 190;
however, transmitting the first two comfort noise mes-
sages provides a more stable response by a receiving
vocoder.

[0016] FIG.5illustrates a processor replacing missing
comfort noise messages. Processor 200 receives a re-
duced sequence or set of comfort noise messages 202.
Upon receiving a comfort noise message, processor
200 transmits the received message. After receiving the
initial comfort noise message processor 200 generates
and transmits a comfort noise message for each missing
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comfort noise message until another comfort noise mes-
sage or until a message containing voice or data is re-
ceived. When processor 200 receives comfort noise
message 204 it simply repeats the message by trans-
mitting it as comfort noise message 206. During period
208 when processor 200 is not receiving comfort noise
messages, or messages containing voice or data, proc-
essor 200 simply repeats transmitting comfort noise
message 206 which may be identical to comfort noise
message 204. When processor 200 receives comfort
noise message 210 it transmits comfort noise message
212 which is a copy of message 210. During period 214
when processor 200 is not receiving messages, proces-
sor 200 continues to transmit comfort noise message
212. This process continues until communication mes-
sages containing voice or data are received.

[0017] In the case where a QCELP (Quantized Code
Excited Linear Productive coding) vocoder receives the
output from processor 200, processor 200 does not sim-
ply repeat the most recently received comfort noise
message until the next comfort noise message is re-
ceived. FIG. 6 illustrates a comfort noise message used
by a QCELP vocoder. The message includes header
section 220, LSP (linear spectrum pair) section 222,
GAIN (quantized energy difference) section 224 and
SEED (random number seed) section 226. In the
QCELP case, processor 200 retransmits received com-
fort noise messages and generates missing comfort
noise messages in accordance with the tables of FIG.
7 until a new comfort noise message is received, or until
a message containing voice or data is received. Table
230 is used to replace the bits in LSP section 222. Top
row 232 indicates which replacement comfort noise
message is to be generated. For example, the values
under column 1 are used to generate the first replace-
ment comfort noise message and the values under col-
umn 2 are used to replace the second replacement com-
fort noise message. Table 230 provides the values for
the ten bits composing LSP section 222 for 16 replace-
ment comfort noise messages. If additional comfort
noise messages are required the table is simply reused
beginning at column 1. Each time a new comfort noise
message is received and transmitted by processor 200,
replacement comfort noise messages are generated
beginning with column 1 of table 230. Remaining sec-
tions 224 and 226 are similarly populated with bits using
tables 234 and 236, respectively. Table 234 provides the
values used for the two bits composing GAIN section
224 and table 236 provides the values of the four bits
composing SEED section 226. In the case of table 236,
it should be noted that the columns may also be used
in any order as long as the same SEED value is not
transmitted in consecutive comfort noise messages.

Claims

1. A method, characterized by the steps of:
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receiving a first plurality of messages indicative

of at least near silence; and

transmitting a second plurality of messages
representative of comfort noise, the second
plurality having at least one message and hav- 5
ing less messages than the first plurality.

The method of claim 1, characterized in that the
first plurality of messages are messages represent-
ative of comfort noise. 10

The method of claim 1, characterized in that the
step of transmitting comprises transmitting at least
one message representative of comfort noise for a
plurality of consecutive received messages indica- 15
tive of at least near silence.

A method characterized by the steps of:

receiving a first plurality of messages repre- 20
sentative of comfort noise; and

transmitting a second plurality of messages in-
dicative of at least near silence, the second plu-
rality having more messages than the first plu-
rality. 25

The method of claim 4,characterized in that the
second plurality of messages are messages repre-
sentative of comfort noise.

30
The method of claim 4, characterized in that the
step of transmitting characterized by transmitting
copies of received messages.

35

40

45

50

55



EP 1 204 093 A1

FIG. 1
50 52 62
$ S S
s 190 89 | (110112114
T . W Y8 s 6;.1 P S Y
BASE | )--S=
MOBILE 4/5}5_/ oy [ e -MSC
Y 68 |TST S
108 60 106 120118 116
NV FIG. 2
121
12 124 126 130
< < ¢ S
] PROCESSOR J=
68
<= HOD/DEMOD =1 MUX/DEMUX f+—r <= WUX/DEMUX A»T%EEOM
] PROCESSOR }=
S

128



EP 1 204 093 A1

FIG. 3
150 152 | 160
§ < K
« | VOCODER/ |,
| PROCESSOR
T0/FROM
BASE <S->MUX/DEMUX<—> L <—s| SWITCH ._.TOP/SF&OM
STATION
VOCODER/ |,
PROCESSOR
)
154
18 FIG. 4
\
184185 ,
XO IXOIXIT XTI IX - XO_IXITIX
PROCESSOR |~ 180
188 l
XD X o XX XD

190 190



EP 1 204 093 A1

FIG. 5
202 |

\

204 210

XX xR’ xaoTx-
|

PROCESSOR |~ 200

225 226 1
X XL X+ - X i X1 < DX--- X IXIL _IX
212 212
FIG. 6

20w w1
S \ ) A\
W] e Jean] s [ X




EP 1 204 093 A1

FIG. 7
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