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FIG. 10 PRIOR ART
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FIG. 11 PRIOR ART
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FIG. 12 PRIOR ART
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APPARATUS AND METHOD FOR HEADER
DECOMPRESSION

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

The present U.S. application Serv. No. 11/976,453, filed Oct.
24, 2007 is a reissue of U.S. application Ser. No. 09/948,765,
filed Sep. 10, 2001, now U.S. Pat. No. 6,959,410, issued Oct.
25, 2005.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to methods for header com-
pression/decompression 1n packet transmission and, more
specifically, to a method for header compression/decompres-
s10n, where reference information 1s requested to be updated
when an error occurs 1n packet transmission.

2. Description of the Background Art

Typical protocols recently known for data transmission
over the Internet include TCP/IP (Transmission Control Pro-
tocol/Internet Protocol) and UDP/IP (User Datagram Proto-
col/Internet Protocol). In data transmission under such trans-
mission protocol over a low and midrange bit rate

transmission path, the header specified by TCP, UDP, IP, or
other protocols 1s larger 1n size, disadvantageously causing
overhead associated with communication. For example, to
transmit 10-byte data under UDP/IP, the transmitting side has
to add a 28-byte header to the original data, resultantly form-
ing a 38-byte packet, which 1s approximately four times
larger 1n size than the original data. I such increase 1n size
happens quite often, the transmission path 1s substantially
decreased 1n effective speed.

In order to reduce communication overhead caused by the
header, a header compression scheme developed by V. Jacob-
son and defined 1n RFC 1144 and RFC23508 has been known.
In this scheme, among the fields of the header included 1n the
packet, transmitted are only any field changed 1n value from
the one included 1n the previous packet. Such field changed in
value are not so many 1n the header, and therefore, 1n this
scheme, header compression 1s successtully carried out. This
header compression scheme, however, 1s a standard for wired
communication with a low transmission error rate, as shown
in FIG. 5, and 1s not efficient for a transmission path with a
high transmission error rate.

FIG. 6 shows a communication network for wireless ter-
minals over a cellular phone network such as W-CDMA. In
recent vears, the number of users of such communication

network 1s rapidly growing. The communication network of

FIG. 6 includes a wireless transmission section where errors
frequently occur. To reduce overhead caused by the header 1n
a wireless section, one header compression scheme 1s known
as ROHC (RObust Header Compression) studied by IETF
(Internet Engineering Task Force). The detaill of ROHC 1s
described 1n “draft-ietf-rohc-rtp-00.txt (Jun. 29, 2000)”.

In ROHC, for data compression at the transmitting side
(compressing side) and data decompression at the receiving
side (decompressing side), reference information 1s shared by
both sides for reterence. That 1s, the reference information
referred to for data compression at the transmaitting side 1s also
referred to for data decompression at the recerving side. By
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2

sharing the reference information, data decompression can be
correctly achueved. FIG. 7 shows one example of data trans-
mission adopting ROHC.

In FIG 7, at the start of data transmission, the transmitting,
side and the receiving side each have held correct reference
information .. Consider first a case where the transmitting
side transmuits a header H1 and data D1 to the recerving side.
Belore transmission, the transmitting side carries out data
compression on the header H1 by referring to the reference

information . Here, the header H1 and a compressed header
H'1 for transmission to the recerving side have such a relation

as represented by the following equation (1).

H'1=H1*a (1)

In the above equation (1), an operation represented by *
varies for each field of the header to be compressed. For
example, the operation 1s so carried out as follows: the field
does not vary i representing a UDP port number; the field 1s
generally increased in value by 1 1if representing an RTP
sequence number; and the field 1s increased 1n value by 50 11
representing an RTP timestamp.

As such, the reference information o includes all informa-
tion required for compression ol each field as described
above. Therefore, 11 the receiving side holds the correct ret-
erence information o having the same contents as that held 1n
the transmitting side, the receiving side can correctly decom-
press the received compressed header H'1 into the original
header H1, thereby obtaining the correct header H1 and data
D1. Similarly, headers and data H2 and D2, H3 and D3, and
H4 and D4 are transmitted after each header 1s compressed by
referring to the reference information c.

Next, consider a case where the reference information 1s
changed. FIG. 8 shows an example of data transmission
where the reference information 1s changed during the trans-
mission. In FIG. 8, after the header H2 and the data D2 are
transmitted, the reference information is changed from a to 3,
and the header H3 1s compressed by referring to the changed
reference information 3.

For example, assume that the RTP timestamp of the header
to be transmitted 1s increased by 50, but, at the time of trans-
mission of the data D3, such increase 1s changed to by 100.
Under this assumption, the transmitting side changes the
reference information o held so far containing that ““The RTP
timestamp 1s increased by 507 1nto the reference information
3 containing that “The RTP timestamp 1s increased by 1007,
To update the reference information, as shown in FIG. 8, the
receiving side refers to update information further provided to
the compressed header to be transmitted (here, a header H'3).

In some cases, the reference information may be updated
even 1f the update information 1s not explicitly transmitted.
One example header compression scheme taken 1n such cases
1s briefly described below. In the compressed header, the
sequence number 1s assigned 4 bits capable of representing,
integers from O to 15, but not 16 or more. Therefore, any
integer N equal to 16 or more 1s represented by Nmodl16.
Thus, the recetving side finds the sequence number by using
an equation L*16+ (received sequence number), where L 1s
incremented by 1 whenever the received sequence number 1s
changed from the maximum value (here, 15) to the minimum
value (here, 0). Here, the update information 1s not explicitly
transmitted. Instead, when the sequence number becomes
larger than the maximum value, the reference information 1s
updated on both sides.

FIG. 9 1s a block diagram showing the structure of a header
decompression apparatus that achieves the header decom-
pression as described above.
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In FIG. 9, a header decompression apparatus 1007 includes
a packet output unit 1001, an error detector 1002, a header
decompressor 1003, a packet recerver 1004, a reference infor-
mation manager 1005, and an update request unit 1006.

The packet receiver 1004 receives a header-compressed
packet from a transmitting side, and outputs the packet to the
header decompressor 1003. The header decompressor 1003
refers to reference mformation managed by the reference
information manager 1005 to decompress the compressed
header, and outputs the header-decompressed packet to the
error detector 1002. If the compressed header 1s provided
with update information, the header decompressor 1003
updates the reference information managed by the reference
information manager 1005 with the update mnformation pro-
vided to the compressed header. The error detector 1002
detects any error 1n the header-decompressed packet. If not
detecting an error, the error detector 1002 outputs the cor-
rectly-decompressed packet to the packet output umit 1001. I
detecting an error, the error detector 1002 discards the packet
as not having been correctly decompressed. The update
request umt 1006 recerves a notification that an error 1s
detected by the error detector 1002, and transmaits an update
request to the transmitting side. Specifically, according to the
above document, “draft-ieti-rohc-rtp-00.txt (Jun. 29, 2000)”,
the update request unit 1006 transmits a NACK packet. The
reference information manager 1005 manages the reference
information for header decompression. The packet output
unit 1001 outputs the header-decompressed packet.

As such, the header decompression apparatus 1007 detects
any error 1n the compressed header. Here, typically, the com-
pressed header 1s provided with a CRC (Cyclic Redundancy
Code) for determiming whether the header-decompressed
packet has any error or not. Therefore, any error that occurred
in the compressed header or a payload due to noise during
wireless transmission can be detected, and the erroneous
packet can be discarded.

FI1G. 10 shows one example of data transmission where an
error occurs due to noise during wireless transmission. In
FIG. 10, a header H2 1s compressed to be a header H'2, and the
header H'2 and data D2 are wirelessly transmitted. During the
wireless transmission, noise or other factors altect the com-
pressed header H'2, causing an error, which 1s denoted by a
dotted cross 1n FIG. 10. As aresult, as denoted by a solid cross
in FIG. 10, the header cannot be correctly decompressed at
the receiving side, and therefore the entire packet 1s dis-
carded.

Such error as described above may occur also 1n the com-
pressed header with the update information provided thereto.
FIG. 11 exemplarily shows a case where an error occurs in the
header with the update information provided thereto, and the
reference information 1s erroneously updated. In FIG. 11, a
header H3 1s compressed to be a header H'3, and the header
H'3 and data D3 1s wirelessly transmitted. During the wireless
transmission, noise or other factors affect the update infor-
mation provided to the compressed header H'3, causing a
change in the update information, which i1s denoted by a
dotted cross 1n FIG. 11. Therefore, at the recerving side, the
reference information 1s erroneously updated to reference
information p', based on the changed update information, and
the header H3 decompressed by referring to the erroneous
reference mformation 1s not the same as the original header
H3 belfore compression at the transmitting side. This also
applies to the following headers H4 and thereafter. As a resullt,
as denoted by a solid cross 1 FIG. 11, the header cannot
correctly decompressed at the receiving side, and 1s generally
regarded as having an error. Therefore, the entire packet 1s

discarded.
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In some cases, however, the header 1s not regarded as
having an error even 1f 1t has not been correctly decom-

pressed, and therefore the packet 1s not discarded. FIG. 12
exemplarily shows a case where a packet 1s not regarded as
having an error even 1i the reference information 1s errone-
ously updated. In FIG. 12, the reference information 1s erro-
neously updated at the recerving side to become receiving-
side reference information o', which 1s different from the
reference information ¢ at the transmitting side. As a result,
headers H1 to H4 are erroneously decompressed at the rece1v-
ing side. Therefore, 1n general, CRC errors occur and the
entire packet are discarded. However, according to principles
of CRC, not all errors cannot be detected, and any errone-
ously-decompressed header may be accidentally determined
as being correct. In FIG. 12, a packet containing the header
H3 and the data D3 1s accidentally determined as being cor-
rect, and 1s not discarded.

As stated above, even if no error 1s detected, there may be
a decompression error caused by noise or erroneous reference
information. Also, even 1 one decompression error 1s
detected, 1t 1s 1impossible to tell the cause of the decompres-
sion error, that 1s, either noise or erroneous reference infor-
mation. Therefore, according to the above background art, an
update request typified by NACK 1s transmitted whenever an
error occurs. Such update request, however, 1s unnecessary
when the reference information 1s correct and the error 1s
caused only by noise. Thus, according to the background art,
the more errors caused by noise, the more unnecessary update
requests are transmitted, and therefore the lower header com-
pression elficiency becomes.

SUMMARY OF THE INVENTION

Therelfore, an object of the present invention 1s to provide a
header decompression method in which only a necessary
request for updating reference information 1s made based on
the state of an error 1n a header-decompressed packet.

The present invention has the following features to attain
the object above.

A first aspect of the present invention 1s directed to a header
decompression apparatus for decompressing a compressed
header of a packet for transmission by referring to reference
information being the same as reference information referred
to for header compression by a transmitting side. In the appa-
ratus, a packet receiver receives the packet from the transmit-
ting side. A reference information manager stores and man-
ages the reference information. A header decompressor 1s
provided with the received packet, and carries out header
decompression by referring to the reference information
stored in the reference information manager. An error detec-
tor detects an error 1n the packet including the decompressed
header. A counter/storage counts [and stores the number of
errors detected by the error detector] the number of errors
detected by the error detector and stores a relationship
between the number of error packets and the number of ervor

free packets. An update request unit transmits, to the trans-

mitting side, update information for updating the reference
information, when determining, based on the number counted
by the counter/storage, that the reference information stored
in the reference information manager should be updated.
When the update information 1s transmitted from the trans-
mitting side, the reference information manager updates the
reference information stored in the reference information
manager based on the transmitted update information.

As described above, 1n the first aspect, based on the error
detection results 1n the counter/storage, the update request
unit determines whether the reference mnformation should be
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updated. Thus, the number of packets to be discarded due to
error 1n the reference information can be reduced, and effi-
cient packet transmission can be achieved.

According to a second aspect, 1n the first aspect,

the counter/storage includes a successive error counter and

a successive decompression success counter. The suc-
cessive error counter counts and stores the number of
times X the packet having the error detected by the error
detector successively appeared. The successive decom-
pression success counter counts and stores the number
of times Y the packet having no error successively
appeared after the error detector detects the error.

Moreover, the update request unit determines, based on
values of X andY counted by the counter/storage, whether the
reference information stored in the reference information
manager should be updated.

As described above, 1n the second aspect, based on the
number of decompression errors and decompression suc-
cesses that successively appeared in the recerving side, an
update request 1s transmitted to the transmitting side. Thus,
the number of packets to be discarded due to error in the
reference mformation can be reduced, and efficient packet
transmission can be achieved.

According to a third aspect, 1n the second aspect,

when X=2Y, the update request unit determines that the

reference information stored in the reference informa-
tion manager should be updated.

As described above, 1n the third aspect, when X=Y, a large
number of successive decompression errors have occurred,
and therefore there 1s a high possibility that the reference
information has an error. Thus, the number of packets to be
discarded due to error in the reference information can be
reduced, and efficient packet transmission can be achieved.

According to a fourth aspect, 1n the first aspect,

the counter/storage counts and stores the number of pack-

cts W previously recerved and the number of packets R
having the error detected by the error detector.

The update request unit determines, based on W and R
counted by the counter/storage, that the reference informa-
tion stored in the reference information manager should be
updated when R 1s larger than a predetermined value.

As described above, 1n the fourth aspect, 11 the number of
ecompression errors 1n the packets previously received at
ne recerving side becomes large, an update request 1s sent to
ne transmitting side. Thus, the number of packets to be
1scarded due to error in the reference information can be
reduced, and efficient packet transmission can be achieved.

Fifth to eighth aspects are directed to header decompres-
s1ion methods respectively corresponding to the above header
decompression apparatuses. Ninth to eleventh aspects are
directed to computer-readable recording media with pro-
grams respectively corresponding the above header decom-
pression methods. Twellth to fourteenth aspects are directed
to programs respectively corresponding to the above header
decompression methods.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the

tollowing detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

C
t
t
C

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the structure of a data
compression apparatus 607 according to a first embodiment
of the present invention;
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FIG. 2 1s a block diagram showing the structure of a data
decompression apparatus 709 according to the first embodi-

ment of the present invention;

FIG. 3 1s a diagram exemplarnly showing the state of
decompression and values of X andY when a packet P1 to a
packet P11 are recerved;

FIG. 4 1s a block diagram showing the structure of a data
decompression apparatus 908 according to a second embodi-
ment of the present invention;

FIG. § 1s a diagram showing a header compression section
in wired communication;

FIG. 6 1s a diagram showing a header compression section
1n wireless communication;

FIG. 7 1s a diagram exemplarily showing data transmission
under a conventional header compression scheme of ROHC;

FIG. 8 1s a diagram showing an example of data transmis-
s1on where reference information 1s changed during the trans-
mission in conventional header compression;

FIG. 9 1s a block diagram showing the structure of a header
decompression apparatus that achieves the header decom-
pression in conventional art;

FIG. 10 1s a diagram showing one example of data trans-
mission where an error occurs due to noise during wireless
transmission 1n the conventional header compression;

FIG. 11 1s a diagram exemplarily showing a case where, 1n
the conventional header compression, an error occurs 1n the
header with reference update information provided thereto,
and the reference information is erroneously updated; and

FIG. 12 1s a diagram exemplarily showing a case where, 1n
the conventional header compression, a packet1s notregarded
as having an error even if the reference information 1s erro-
neously updated.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(First Embodiment)

A method for header compression/decompression accord-
ing to a first embodiment of the present invention 1s realized
by a header compression apparatus and a header decompres-
s1on apparatus as shown i FIGS. 1 and 2, respectively. With
reference to the drawings, the structure of each apparatus 1s
described below.

FIG. 1 1s a block diagram showing the structure of a header
compression apparatus 607. In FIG. 1, the header compres-
sion apparatus 607 includes a packet input unit 601, a CRC
provider 602, a header compressor 603, a packet transmitter
604, a reference information manager 605, and an update
request receiver 606.

The packet mput unit 601 outputs a recerved packet to the
CRC provider 602. The CRC provider 602 provides the
received packet with a CRC for output to the header compres-
sor 603. The header compressor 603 refers to reference infor-
mation managed by the reference information manager 605 to
compress the header of the received packet, and outputs the
resultant packet to the packet transmitter 604. How to com-
press the header will be described later. The packet transmit-
ter 604 transmits the received header-compressed packet to
the recetving side. The reference information manager 605
manages the reference information referred to by the header
compressor 603. The update request recerver 606 recerves an
update request from the transmitting side, and notifies the
reference information manager 605 of the update request. The
notified reference information manager 605 outputs the man-
aged reference information to the header compressor 603, and
istructs 1t to provide update information corresponding to
the reference mformation to the compressed header.
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FIG. 2 1s a block diagram showing the structure of a header
decompression apparatus 709. In FIG. 2, the header decom-
pression apparatus 709 includes a packet output unit 701, an
error detector 702, a header decompressor 703, a packet
receiver 704, a successive decompression error counter (here-
inafter, successive error counter) 705, a successive decoms-
pression success counter 706, a reference information man-
ager 707, and an update request unit 708.

The packet receiver 704 receives, from the transmitting
side, the header-compressed packet, and outputs 1t to the
header decompressor 703. The header decompressor 703
refers to the reference information managed by the reference
information manager 707 to decompress the compressed
header, and outputs the resultant packet to the error detector
702. The error detector 702 detects a CRC error 1n the header-
decompressed packet, and outputs, to the packet output unit
701, only any packet whose header has been correctly decom-
pressed. The successive error counter 705 counts the number
of successive decompression errors detected by the error
detector 702. The successive decompression success counter
706 counts the number of successive decompression suc-
cesses detected by the error detector 702. The update request
unit 708 refers to the numbers counted by the successive error
counter 705 and the successive decompression success
counter 706 to determine whether an update request 1is
required or not 1n a manner described later, and transmits the
update request as required to the transmitting side. The ret-
erence 1nformation manager 707 manages the reference
information for header decompression.

Note that, 1n the present invention, “successive” decom-
pression errors mean that successive two or more error states
are observed 1n a header, or that only one error state is
observed therein, although the latter 1s not generally appli-
cable to the meaning of the word “successive”. Similarly,
“successive” decompression successes means that successive
two or more error-iree states are observed 1n a header, or that
only one error-free state 1s observed therein. How to deter-
mine “successive” states in the present invention will be
described later.

Described specifically below are the operation of each of
the above structured header compression apparatus and
header decompression apparatus according to the present
embodiment. Note that a packet supplied to the apparatuses
contains data, such as video and audio, with an RTP/UDP/IP
header.

First, the operation of the header compression apparatus
shown 1 FIG. 1 1s specifically described. The packet input
part 601 outputs an externally-inputted RTP/UDP/IP packet
to the CRC provider 602. The CRC provider 602 computes a
CRC for the entire packet, and provides the CRC to the
packet.

The header compressor 603 refers to the reference-infor-
mation managed by the reference information manager 605
for header compression. In this header compression, if the
header can be decompressed with 1ts sequence number, the
reference information 1s not updated, and only the sequence
number 1s included in the header. If the header cannot be
decompressed with its sequence number, update information
of the reference information and the sequence number are
included 1n the header. The packet transmitter 604 transmaits
the header-compressed packet to the recerving side.

The reference information manager 605 stores and man-
ages the reference information referred to by the header com-
pressor 603. Notified by the header compressor 603 of
update, the reference information manager 603 updates the
stored reference information. Notified by the update request
receiver 606 that an update request has been received, the
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8

reference information manager 605 instructs the header com-
pressor 603 to provide the update information to the header.

The update request recerver 606 recerves an update request
from the recetving side. On recerving the update request, the
update requestrecerver 606 notifies the reference information
manager 605 that the update request has been received.

Next, the operation of the header decompression apparatus
709 shown i FIG. 2 1s specifically described. The packet
receiver 704 recerves the header-compressed packet transmit-
ted from the packet transmitter 604 shown in FIG. 1, and
outputs the packet to the header decompressor 703.

The header decompressor 703 refers to the reference infor-
mation stored in the reference information manager 707 to
decompress the compressed-header of the packet. The header
decompressed packet 1s outputted to the error detector 702. If
the header 1s provided with update information, the header
decompressor 703 notifies the reference information manager
707 of the update information.

The error detector 702 checks whether any error occurs or
not 1n the header-decompressed packet by using the CRC.
Also, the error detector 702 notifies the successive error
counter 705 and the successive decompression success
counter 706 of the presence or absence of an error. If detecting
any error, the error detector 702 discards the packet. If not
detecting, the error detector 702 outputs, to the packet output
umt 701, the packet with the CRC removed therefrom. The
packet output unit 701 externally outputs the error-undetected
RTP/UDP/IP packet.

The reference information manager 707 stores and man-
ages the reference mnformation required for header decom-
pression. If the compressed header includes the update infor-
mation, the reference information manager 707 updates the
stored reference information with the update information

coming from the header decompressor 703.

The successive error counter 705 counts the number of
successive errors X based on the error detection results 1n the
error detector 702. For example, 1f an error 1s detected 1n a
packet, X 1s 1. Then, if an error 1s detected also 1n the next
packet, X becomes 2. Then, 11 an error 1s detected still 1n the
following packet, X 1s further incremented by 1 to become 3.
If no error 1s detected, successiveness 1s mterrupted, and the
error counter 705 stops counting.

The successive decompression success counter 706 counts
the number of decompression successes Y based on the error
detection results 1n the error detector 702. For example, 1f no
error 1s detected in apacket, Y 1s 1. Then, 1f no error 1s detected
also 1n the next packet, Y becomes 2. Then, if no error is
detected still 1n the following packet, Y 1s further incremented
by 1 to become 3. If any error 1s detected, successiveness 1s
interrupted, and the successive decompression success
counter 706 stops counting.

The update request unit 708 determines whether to request
update based on a set of X outputted from the successive error
counter 705 and Y outputted from the successive decompres-
sion success counter 706. This determination operation 1s
further described 1n detail with reference to FIG. 3.

FIG. 3 1s a diagram exemplarily showing decompression
operation and values of X andY when packets P1 to P11 are
received. In FIG. 3, assume that an error occurred 1n a packet
P12 not shown.

In FIG. 3, an error 1s detected 1n the packet P1, and there-

fore X=1. In the packet P2, no error 1s detected, and therefore
X 1s held as 1 and Y=1. Then, no error 1s detected from the

packets P3 and P4, and therefore X=1 and Y=3. Then, when
an error 1s detected 1n the packet P35, the values of X and Y for
the packets P1 to P4 are regarded as a set representing the
presence or absence of an error, and determined as X=1, Y=3.
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The values of X and Y for the packet P5 and thereatiter are
regarded as a new set. An error 1s detected 1n the packets P5 to
P8, and therefore X=4. No error 1s detected in the packets P9
to P11, and therefore Y=3. Thereafter, when an error 1s
detected 1n the packet P12, the values of X and Y for the

packets P5 to P11 are regarded as a set, and determined as
X=4 and Y=3.

As such, the update request unit 708 regards the values of
X andY as asetrepresenting successive decompression errors
and subsequent decompression successes, and compares
these values with predetermined values. By way of example,
when X 1s larger than 10 and smaller than 2, it 1s determined
that an error occurs 1n the reference information, and requests
the transmitting side of updating the reference information.
These predetermined values are example only, and not restric-
tive. If X=Y a large number of successive decompression
errors have occurred, and therefore there 1s a high possibility
that the reference information has an error.

As such, the header decompression apparatus 709 accord-
ing to the present embodiment requests the transmitting side
of updating the reference information based on the number of
successive decompression errors and successes at the recerv-
ing side. Thus, the number of packets discarded due to error 1n
the reference information can be reduced, and efficient packet
transmission can be achieved. Such capability of the header
decompression apparatus 709 can be achieved 1n a general-
purpose computer system. In this case, this capability 1s real-
1zed by a program executed in the computer system. The
program 1s typically stored in a recoding medium such as
CD-ROM, or transmitted through a communication medium.

(Second Embodiment)

A method for header compression/decompression accord-
ing to a second embodiment of the present invention 1s real-
1zed by a header compression apparatus and a header decom-
pression apparatus as shown 1n FIGS. 1 and 4, respectively.
Therefore, the header compression apparatus according to the
second embodiment 1s the same 1n structure as the header
compression apparatus 607 shown i FIG. 1, and not
described herein. Described below 1s the structure of the
header decompression apparatus according to the present
embodiment with reference to FIG. 4.

FIG. 4 1s a block diagram showing the structure of a header
decompression apparatus 908. In FIG. 4, the header decom-
pression apparatus 908 includes a packet output unit 901, an
error detector 902, a header decompressor 903, a packet
receiver 904, a decompression error detection result storage
905, a reference information manager 906, and an update
request unit 907.

The packet recerver 904 outputs a header-compressed
packet supplied from the transmitting side to the header
decompressor 903. The header decompressor 903 refers to
the reference information 1n the reference information man-
ager 906 to decompress the compressed header, and outputs
the resultant packet to the error detector 902. The error detec-
tor 902 detects any error in the header-decompressed packet,
and outputs, to the packet output unit 901, any packet whose
header has been correctly decompressed. The decompression
error detection result storage 905 counts the number of errors
or successes detected 1n the packet by the error detector 902
for storage. The update request unit 907 1s supplied with the
number counted by the decompression error detection result
storage 905, determining whether an update request 1s
required or not and transmitting the update request as
required to the transmitting side. The reference information
manager 906 manages the reference information for header
decompression.

10

15

20

25

30

35

40

45

50

55

60

65

10

Described specifically below 1s the operation of the above
structured header decompression apparatus according to the
present embodiment. Note that the operation of the header
compression apparatus 607, that 1s, the transmitting side, 1s
similar to that according to the first embodiment. Also assume
that a packet supplied to the apparatuses contains data such as

video and audio with an RTP/UDP/IP header.

In a header decompression apparatus 908 of FIG. 4, a
packet receiwver 904 receives a header-compressed packet
transmitted from the packet transmitter 604 of FIG. 1, and
outputs the packet to the header decompressor 903.

The header decompressor 903 refers to the reference infor-
mation stored in the reference mformation manager 906 to
decompress the compressed-header of the packet. The
header-decompressed packet 1s outputted to the error detector
902. If the header 1s provided with update information of the
reference information, the header decompressor 903 outputs

the update information to the reference information manager
906.

The error detector 902 checks the presence or absence of an
error 1n the header-decompressed packet by using the CRC.
Also, the error detector 902 notifies the detection result to the
decompression error detection result storage 905. If detecting
any error, the error detector 902 discards the packet. If not
detecting, the error detector 902 outputs, to the packet output
unmt 901, the packet with the CRC removed therefrom. The
packet output unit 901 externally outputs the error-undetected
RTP/UDP/IP packet.

The reference mformation manager 906 stores and man-
ages the reference mnformation required for header decom-
pression. If the compressed header includes the update infor-
mation, the reference information manager 906 updates the
stored reference information with the update information
coming from the header decompressor 903.

The decompression error detection result storage 905
stores the detection results of the error detector 902, that is,
the number of errors R for preceding W packets. Instead of W
or R, the number of decompression successes may be stored.

The update request unit 907 determines whether to request
update by comparing the values of W and R outputted from
the decompression error detection result storage 905 with
predetermined values. For example, 11, among receitved 50
packets, 45 packets have errors, that 1s, W=50 and R=435, the
update request unit 907 determines that the reference infor-
mation has errors equal to or more than a predetermined
value, and requests the transmitting side to update the refer-
ence nformation. Note that the above values are example
only, and not restrictive.

As described above, the header decompression apparatus
908 according to the present embodiment requests updating
ol the reference information when the number of decompres-
sion errors becomes relatively or substantially large 1n the
packets previously received by the receiving side. Thus, the
number of packets discarded due to error in the reference
information can be reduced, and efficient packet transmission
can be achieved. Such capability of the header decompression
apparatus 908 can be achieved 1n a general-purpose computer
system. In this case, this capability 1s realized by a program
executed 1n the computer system. The program 1s typically
stored 1in a recoding medium such as CD-ROM, or transmitted
through a communication medium.

While the invention has been described 1n detail, the fore-
going description 1s in all aspects illustrative and not restric-
tive. It 1s understood that numerous other modifications and
variations can be devised without departing from the scope of
the mvention.
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What 1s claimed 1s:

[1. A header decompression apparatus for decompressing a
compressed header of a packet for transmission by referring
to reference information being the same as reference infor-
mation referred to for header compression by a transmitting
side, said apparatus comprising;:

a packet receiver operable to receive the packet from the

transmitting side;

a reference information manager operable to store and
manage the reference information;

a header decompressor, operable to carry out header
decompression on the recerved packet by referring to the
reference information stored 1n said reference informa-
tion manager;

an error detector operable to detect an error in the packet
including the decompressed header;

a counter/storage the number operable to count the number
of errors detected by said error detector and to store a
relationship between the number of error packets and the
number of error free packets; and

an update request unit operable to transmit, to the trans-
mitting side, and update request for requesting update
information for updating the reference information,
when determining, based on the relationship of the
packet number stored by said counter/storage, that the
reference information stored 1n said reference informa-
tion manager should be updated,

wherein when the update information 1s transmitted from
the transmitting side, said reference information man-
ager updates the reference information stored 1n said
reference information manager based on the transmitted
update information.}

[2. The header decompression apparatus according to
claim 1, wherein counter/storage includes a successive error
counter operable to count and store the number of times X a
packet having an error detected by said error detector succes-
stvely appeared and a successive decompression success
counter operable to count and store the number of times Y a
packet not having an error detected by said error detector
successively appeared after counting by said successive error
counter 1s stopped, and

wherein said update request unit 1s further operable to
determine, based on values of X and Y counted by said
counter/storage, whether the reference information
stored 1n said reference information manager should be
updated.]

[3. The header decompression apparatus according to
claim 2, wherein when X=Y, said update request unit deter-
mines that the reference information stored 1n said reference
information manager should be updated.]

[4. The header decompression method for decompressing a
compressed header of a packet for transmission by referring
to stored reference information that 1s the same as reference
information referred to for header compression by a transmiut-
ting side, said method comprising:

receiving the packet from the transmitting side;

carrying out header decompression on the received packet
by referring to the stored reference information;

detecting an error 1n the packet including the decom-
pressed header;

counting the number of errors detected 1n said detecting an
error and storing a relationship between the number of
error packets and the number of error free packets; and

transmitting, to the transmitting side, an update request for
requesting update mformation for updating the refer-
ence information, when determining, based on the
stored relationship between the number of error packets
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and the number of error free packets, that the stored
reference information should be updated.}
[5. The header decompression method according to claim
4, wherein said counting the number of errors detected 1n said
detecting an error and storing a relationship between the
number of error packets and the number of error free packets
includes counting and storing the number of times X a packet
having an error detected in said detecting an error succes-
stvely appeared, and counting and storing the number of times
Y a packet not having an error detected in said detecting an
error successively appeared after counting and storing the
number of times X 1s stopped, and
wherein 1n said transmitting an update request, based on
values of X andY counted in said counting the number of
errors detected 1n said detecting an error and storing a
relationship between the number of error free packets, 1t
1s determined whether the stored reference information

should be updated.}

[6. The header decompression method according to claim
5, wherein 1n said transmitting an update request, when X=Y,
it 1s determined that the stored reference information should

be updated.}

[7. A computer-readable recording medium with a program
recorded therein, the program being executrd 1n a computer
system for carrying out header decompression of decom-
pressing a compressed header of a packet for transmission by
referring to stored reference information that 1s the same as
reference information referred to for header compression by
a transmuitting side, said program including computer system
readable instructions capable of instructing the computer sys-
tem to implement a method comprising:

recerving the packet from the transmitting side;

carrying out header decompression on the received packet

by referring to the stored reference information;
detecting an error in the packet including the decom-
pressed header;
counting the number of errors detected 1n said detecting
error and storing a relationship between the number of
error packets and the number of error free packets; and

transmitting, to the transmitting side, an update request for
requesting update information for updating the refer-
ence information, when determining, based on the
stored relationship between the number of error packets
and the number and the number of error free packets,
that the stored reference information should be
updated.]
[8. The computer-readable recording medium including
computer system readable instructions capable of instructing
the computer system to implement the method according to
claim 7,
wherein said counting the number of errors detected 1n said
detecting an error and storing a relationship between the
number of error packets and the number of error iree
packets includes counting and storing the number of
times X a packet having an error detected 1n said detect-
ing an error successively appeared, and counting and
storing the number of times Y a packet not having an
error detected 1n said detecting an error successively
appeared after counting and storing the number of times
X 1s stopped, and

wherein 1n said transmitting an update request, based on
values of X andY counted in said counting the number of
errors detected in said detecting an error and storing a
relationship between the number of error packets and the
number of error free packets, 1t 1s determined whether
the stored reference information should be updated.]
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[9. A program executed in a computer system for carrying
out header decompression of decompressing a compressed
header of a packet for transmission by referrring to reference
information the same as reference information referred to for
header compression by a transmitting side, said program
including computer system readable instructions capable of
instructing the computer system to implement the method
comprising;

receiving the packet from the transmitting side;

carrying out header decompression on the recerved packet
by referring to the stored reference information;

detecting an error 1n the packet including the decom-
pressed header;

counting the number of errors detected 1n said detecting an
error and storing a relationship between the number of
error packets and the number of error free packets; and

transmitting, to the transmitting side, an update request for
requesting update mformation for updating the refer-
ence information, when determining, based on the
stored relationship between the number of error packets
and the number of error free packets, that the stored
reference information should be updated.}

[10. The program including computer system readable
instructions capable of instructing the computer system to
implement the method according to claim 9,

wherein said counting the number of errors detected in said
detecting an error and storing a relationship between the
number of error packets and the number of error free
packets includes counting and storing the number of
times X a packet having an error detected 1n said detect-
ing an error successively appeared, and packet not hav-
ing an error detected in said detecting an error succes-
stvely appeared after counting and storing the number of
times X 1s stopped, and

wherein 1n said transmitting an update request, based on
values of X andY counted in said counting the number of
errors detected 1n said detecting an error and storing a
relationship between the number of error packets and the
number of error free packets, it 1s determined whether
the stored reference information should be updated.]

11. A header decompression apparatus for decompressing
a compressed header of a packet by referring to reference
information, the apparatus comprising.

a reference information manager for storving and managing

the reference information,

a header decompressor for carrving out header decom-
pression by veferring to the rveference information stoved
in the rveference information manager;

an error detector for detecting an ervvor in the packet
including the header decompressed by the header
decompressor;

a counter for counting a number R of packets having an
error detected by the evvor detector from among a last W
packets decompressed by the header decompressor, and
storing a relationship between the number R of packets
having an error and a number of error free packets,
wherein (i) the stoved relationship is the number R, (ii) W
is an integer, and (iii) R is an integer; and

an update vequest unit for determining that the veference
information stoved in the rveference information man-
ager has an evvor based on the number R stoved by the
counier.

12. The header decompression apparatus accovding to
claim 11, wherein the update vequest unit detevmines that the
reference information stoved in the rveference information
manager has an ervorv when R is equal to or more than a
threshold value.
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13. The header decompression apparatus according to
claim 12, wherein the threshold value is determined based on
/4

14. The header decompression apparatus according to
claim 11, wherein the error detector utilizes CRC to detect an
error in a packet including a header decompressed by the
header decompressor.

15. The header decompression apparatus accovding to
claim 11, wherein when the update request unit determines
that the reference information has an ervoy, the update request
unit transmits an update request for requesting update of the
reference information stoved in the reference information
manager.

16. The header decompression apparatus according to
claim 11, wherein when the update request unit determines
that the reference information has an ervrov, the update request
unit transmits a NACK for requesting update of the reference
information stored in the veference information manager.

17. A header decompression method for decompressing a
compressed header of a packet by veferving to rveference infor-
mation, the method comprising.

carrving out header decompression by rveferving to the

reference information;

detecting an ervor in the packet including the header

decompressed in the carryving out header decompres-
sion;

counting a number R of packets having an evror detected in

the detecting from among a last W packets decompressed
in the carryving out of header decompression, and stor-
ing a relationship between the number R of packets
having an errvor and a number of ervor free packets,
whevrein (i) the storved relationship is the number R, (ii)) W
is an integer, and (iii) R is an integer; and

determining that the reference information has an ervor

based on the stoved number R.

18. The header decompression method according to claim
17, wherein the determining determines that the rveference
information has an evrvor when R is equal to or movre than a
threshold value.

19. The header decompression method according to claim
18, wherein the threshold value is determined based on W.

20. The header decompression method according to claim
17, wherein the detecting utilizes CRC to detect an error in a

packet including a header decompressed in the carrying out
header decompression.

21. The header decompression method according to claim
17, wherein transmitting an update request for rvequesting

update of the reference information, when it is determined
that the reference information has an errvor in the determin-
Ing.

22. The header decompression method according to claim
17, wherein transmitting a NACK for requesting update of the
reference information, when it is determined that the rvefer-
ence information has an error in the determining.

23. A header decompression apparatus for decompressing
a compressed header of a packet by referring to reference
information, the apparatus comprising.:

a reference information manager for storing and managing

the reference information;

a header decompressor for carrving out header decom-
pression by veferring to the veference information stoved
in the reference information manager;

an ervor detector for detecting an errvor in the packet
including the header decompressed by the header
decompressor;

a counter for counting a number R of packets having an
error detected by the evvor detector from among a last W
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packets decompressed by the header decompressor, and detecting an errvor in the packet including the header
storing a relationship between the number R of packets decompressed in the carrying out header decompres-
having an errvor and a number of error free packets, sion;
wherein (i) the stored relationship is the number R, (i) W counting a number R of packets having an error detected in
is an integer, and (iii) R is an integer; and 5 the detecting from among a last W packets decompressed
an update request unit for transmitting an update request in the carrving out of header decompression, and stor-
for requesting update of the reference information ing a relationship between the number R of packets
stored in the rveference information manager based on having an error and a number of ervor free packets,
the number R stored by the counter. wherein (i) the stored velationship is the number R, (il ) W
24. The header decompression apparatus according to ., is an integer, and (iii) R is an integer; and
claim 23, wherein the update vequest unit transmits an update transmitting an update request for requesting update of the
request when R is equal to or more than a threshold value. reference information based on the stored number R.
23. The header decompression apparatus according to 27. A header decompression method according to claim 26,
claim 24, wherein the threshold value is determined based on wherein the transmitting transmits the update request when R
4 | _ 15 is equal to ov movre than a threshold value.
26. A header decompression method for decompressing a 28. A header decompression method according to claim 27,
compressed header of a packet by referring to reference infor- wherein the threshold value is determined based on W.

mation, the method comprising.
carrying out header decompression by referring to the
reference information; £ % k% %
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