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ABSTRACT OF THE DISCLOSURE

A packet compressor 12 operates under a reliable mode
or an optimistic mode. A mode determination unit 31 counts the
number of ACK packets or NACK packets received by a unit time X
by an ACK/NACK packet receiver 14. When the counted number of
NACK packets 1s larger than a predetermined value Y, the mode
determination unit 31 switches the operation mode of the packet
compressor 12 to the reliable mode. When the counted number of
ACK packets 1s larger than a predetermined value Z, the mode
determination unit 31 switches the operation mode of the packet

compressor 12 to the optimistic mode.
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TITLE OF THE INVENTION

METHOD AND APPARATUS FOR HEADER COMPRESSION

BACKGROUND OF THE INVENTION
Field of the Invention
The present 1nvention relates to methods and apparatuses
for data compression and, more specifically, to a method and
apparatus for header compression/decompression used in a data
transmission system where a packet is compressed in a transmitting

side and decompressed 1n a recelving side.

Description of the Background Art
Typical protocols recently known for data transmlission over
the Internet include TCP/1IP (Transmission Control
Protocol/Internet Protocol) and UDP/IP (User Datagram
Protocol/Internet Protocol). One protocol known for real-time
transmission of data such as audio and images under TCP/IP or

UDP/IP is RTP (Realtime Transport Protocol), which is described

in detail 1n “RTP: A Transport Protocol for Real-Time
Applications”, H. Schulzrinne, S. Casner, R. Frederik, and V.
Jacobson, RFC1889, 199e6.

When data is transmitted by unit of a packet in compliance

with the protocols such as TCP/IP, the transmitting side adds a
header to each packet. In data transmission over a low and

midrange bit rate transmission path, however, the added header
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specified by TCP, UDP, IP, or other protocols increases the packet
size, thereby 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, resultingly forming a 38-byte packet, which 1is

approximately four times larger 1n size than the original data.

If such 1ncrease happens quite often, the effective speed of the
transmission path 1s substantially decreased.

In order to reduce communication overhead caused by the
added header, a header compression scheme developed by V. Jacobson

and defined 1In RFC 1144 and RFC2508 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 1n value are not so many in
the header, and therefore, 1n this scheme, header compression

poses no special problem.

The Jacobson’s header compression scheme 1s a standard for
wlred communilication with a low transmissilion error rate, and 1s
not suitable for wireless communication with a high transmission
error rate. For example, consider a case where polnt-to-point

communication 1s carried out under a protocol such as PPP (Polint

to Point Protocol) over a network shown 1in FIG. 6A or 6B between
a gateway server 72 and a terminal 74 or a portable wireless
terminal 77. As shown 1n FIG. 6A, when the gateway server 72 and

the terminal 74 are connected to each other wvia a wired

AN
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communlcation network 73 constructed by a modem, ISDN, or LAN,

the Jacobson’s header compression scheme works quite effectively.

On the other hand, as shown 1n FIG. 6B, the gateway server 72 and
the portable wireless terminal 77 are coupled to each other via
a cellular phone network 75 by W-CDMA (Wideband Code Division
Multiple Access), for example. Such network structure as shown
in FIG. 6B has been widely adopted, with a recent 1ncrease 1n
cellular phone users. In this network, however, transmission

errors are prone to occur 1n a wilreless transmission section 76,

and therefore the Jacobson’s header compression scheme does not

effectively work.
One example of the header compression scheme for wireless

communilcation where transmilission errors frequently occur 1s known

as ROHC (Robust Header Compression) studied by IETF (Internet

Engineering Task Force). The detail of ROHC 1s described 1in
“draft-1etf-rohc-rtp-00.txt 29 June 2000".
FIG. 7 1s a block diagram showling the structure of a data

transmitting apparatus and a data receilving apparatus using ROHC.

In FIG. 7, a data transmitting apparatus 80 compresses the header

of each packet by referring to reference 1nformation stored 1n
a reference 1nformation manager 85, and transmits the compressed
packet. A data receilving apparatus 90 decompresses the header
of each received packet by referring to reference i1nformation
stored 1n a reference 1nformation manager 95.

Here, the reference information 1s information indicating
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#

how each field included 1n the header of the packet 1s changed

from the one included 1n the header of the previous packet. For
example, the header i1ncludes a UDP port number, an RTP sequence
number, and an RTP timestamp. Assume hereiln that, compared with

ﬁ

the header of the previous packet, the UDP port number 1s not

changed, the RTP sequence number 1s i1ncreased by 1, and the RTP

timestamp 1s 1ncreased by 50. In this case, the reference

information indicates the states of the UDP port number, the RTP

sequence number, and the RTP tTimestamp as assumed above.

FIGS. 8 to 11 are seguence charts of ROHC. In FIG. 8, the

data transmitting apparatus 80 and the data receilving apparatus

90 both hold the same reference information « . When transmitting

a header HI and data D1, the data transmitting apparatus 80 refers

to the reference 1nformation o stored 1n the reference

information manager 85 to find a compressed header PI by the

following equation (1), and transmits a packet composed of the

compressed header PI and the data DIl.

!

Pl H1*¥ « .. (1)

where *¥ represents an operation applied to the header and the

reference information. The operation ¥ varies for each field of

the header.
On receiving the packet composed of the compressed header

Pl and the data DI, the data recelving apparatus Y0 refers to the

reference information « stored 1n the reference 1nformation

manager 95, and carries out an inverse operation of the operation
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represented by the above equation (1) to decompress the compressed

header Pl to the header HI.
Similarly, the data transmitting apparatus 80 then

transmits a packet composed of a compressed header P1 and data

Di, and the data receiving apparatus 90 decompresses the
compressed header Pi 1included 1n the received packet to the

origilnal header Hi.

Also 1n data transmission under ROHC, the manner of changes

in the field included 1n the header may be varied during data
transmission. For example, the RTP timestamp has been 1ncreased

so far by 50, but by 100 at some point in time and thereafter.

In this case, the data transmitting apparatus 80 and the data
recelving apparatus 90 both have to correctly update the
respective reference information.

The data transmitting apparatus 80 detects that the manner
of changes 1in the field of the packet to be transmitted becomes

varied and, based on the detection, updates the reference

information stored 1in the reference i1nformation manager 85. In

the above example, the data transmitting apparatus 80 updates the

reference 1nformation a« from “the RTP timestamp 1s 1ncreased by

50” to “the RTP timestamp 1s 1ncreased by 100”. The updated

reference 1information 1s hereinafter referred to as reference

information f3.

The data receiving apparatus 90 also has to update 1ts own

reference information to correctly decompress the header even
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after the data transmitting apparatus 80 updates 1ts own reference

information. Therefore, the data transmitting apparatus 80

transmits a packet together with 1Information for updating the

reference information at the receiving side (such information 1s

hereinafter referred to as “update information”). With the

recelved update information, the data receiliving apparatus 90

updates the reference 1nformation stored 1n the reference

information manager 95, and notifies the data transmitting

apparatus 80 that the reference information has been correctly

updated. The update i1nformation may be the updated reference

information 1tself, or 1nformation 1ndicating the difference

between the reference 1nformation « and the reference

information £ .

In order for the data transmitting apparatus 80 to confirm

that the reference information of the data recelving apparatus

90 has been correctly updated, two modes are known, that 1is, a

“reliable mode" that ensures the reliability and an “optimistic
mode” 1n consideration of compression efficiency. These modes
are described in the above document (“draft-ietf-rohc-rtp-00.txt
29 June 2000”). FIG. 9 1s a seguence chart for the reliable mode.
The data transmitting apparatus 80 operating 1n the reliable mode

updates the reference information from a to , and then transmits

a packet with the update information added thereto until recelving

a packet indicating that the reference i1nformation of the data

receiving apparatus 90 has been correctly updated. Such packet



10

15

2.0

2D

CA 02355016 2001-08-14

1s hereinafter referred to as “ACK packet”. At this time, the

data transmitting apparatus 80 refers to the updated reference

information  to compress the header of the packet with the update

information first added thereto and the headers of the packets

coming thereafter. In FIG. 9, the updated reference information

f is used as the update information Pi, represents a header

compressed by referring to the reference information a, and Qi

represents a header compressed by referring to the updated

reference information f3.

FIGS. 10 and 11 are sequence charts for the optimistic mode.

The data transmitting apparatus 80 operating in the optimistic

mode updates the reference information from a« to [, and then adds

the update 1nformation to only one packet for transmission.

Thereafter, assuming that the reference information of the data
recelving apparatus 90 has been correctly updated even without

receilving the ACK packet, the data transmitting apparatus 80

transmits packets without the update 1nformation added thereto.

At this time, the data transmitting apparatus 80 refers to the

updated reference information [3 to compress the header of the

packet with the update 1nformation added thereto and the headers
of the packets coming thereafter. In this case, as shown in FIG.

10, 1f the data receiving apparatus 90 correctly receives the

update information and updates the reference information from w

to [ by referring to the update information, no problem occurs

1n data transmission thereafter.



10

15

20

N
N

CA 02355016 2001-08-14

However, 1f failing to receive the update information as

shown i1n FIG. 11, the data receiving apparatus 90 continues to

decompress the header by referring to the original reference

information a«. The data receilving apparatus 90 carries out CRC

(Cyclic Redundancy Check), for example, to detect any header

*

decompression error. It detecting any header decompression

error, the data recelving apparatus 90 transmits a packet for

requesting transmission of the update 1information. Such packet
1S herelnafter referred to as “"NACK packet”. On recelving the

NACK packet, the data transmitting apparatus 80 adds again the

update information to one packet for transmission. Therefore,

the data receiving apparatus 90 cannot correctly decompress the

header from the time when falling to receive the packet with the

update 1nformation added thereto to the time when receiving

another packet with the update information added thereto.

h

Described below are the characteristics and drawbacks of

the above described two modes for header compression, that 1s,
the reliable mode and the optimistic mode.

In the reliable mode, the reference 1nformation 1s always
correctly updated at the transmitting and recelving sides,
thereby suppressing the occurrence of header decompression error
at the receiving side. However, the transmitting side continues
to transmit the packets with the update information added thereto
untill recelving the ACK packet, thereby degrading header

compression efficliency and entire data transmission efficiency.
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In the optimistic mode, the transmitting side adds the
update information to only one packet for transmission and, even
wlthout receiving the ACK packet, compresses the headers of the
packets coming thereafter by referring to the updated reference
information. Therefore, 1f the data receiving apparatus 90 has
correctly received the update 1nformation, high header
compression efficiency can be achieved. However, 1f the data

receiving apparatus 90 has not correctly received the update

information due to transmission error, header decompression

errors continuocusly occur until receiving the update 1nformation,

thereby considerably degrading the data transmission efficlency.
To solve the above problem, the header compression scheme

is switched between the reliable mode and the optimistic mode,

thereby improving the header compression efficiency and the data
transmission efficiency. However, how to switch the header

compression scheme has been unclear so far.

SUMMARY OF THE INVENTION

L+

Therefore, an object of the present i1invention 1s to present
how to switch the header compression scheme between the reliable
mode and the optimistic mode, and provide a method and apparatus

for header compression/decompression for improving the header

compression efficiency and the data transmission efficiency
durlng wireless transmission.

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

A first aspect of the present invention 1s directed to a

header compression apparatus for compressing a header of a packet

to be transmitted by referring to reference information that 1s

also i1included 1n a receiving side, and the apparatus i1ncludes:

a reference 1nformation manager for storing and managing the

reference 1nformation,; a packet compressor for compressing the

header of the packet 1n a specified operation mode by referring

to the reference 1nformation, and selectively adding, to the
compressed packet, update information for updating the reference
information at the receiving silide; a packet transmitter for

transmitting the packet compressed by the packet compressor; a

packet receiver for receiving an ACK packet i1ndicating that the

reference i1nformation at the recelving side has been correctly

updated or a NACK packet for requesting transmission of the update

information due to a header decompression error that occurred at

the receiving side; and a mode determination unilit for switching

the operation mode of the packet compressor to a reliable mode

where, after the reference 1nformation of the header compression
apparatus 1s updated, the packet compressor continuously adds the
update information until the ACK packet 1s received, and to an
optimistic mode where the packet compressor adds the update
information when the reference 1information of the header
compression apparatus 1s updated and whenever receiving the NACK

packet. When the operation mode is the optimistic mode and the

10
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number of NACK packets received by a unit time X 1s larger than

a predetermined value Y, the mode determination unit switches the

operation mode to the reliable mode, and when the operation mode

Ph

1s the reliable mode and the number of ACK packets received by

the unit time X 1s larger than a predetermined value Z, the mode
determination unit switches the operation mode to the optimistic

mode .

According to the first aspect, the transmitting side

gro—

determines the transmission quality based on the state of update

of the reference i1nformation at the receiving side. When the
transmission quality 1s degraded, the transmitting side switches
the header compression scheme to the reliable mode. When the
transmission quality 1s improved, the transmitting side switches
the header compression scheme to the optimistic mode. As such,
by switching the header compression scheme at the transmitting
side, the header compression efficiency and the transmission
quality during wireless transmission can be improved. In other

gr—

words, 1t 1s possible to reduce time and cost required for

transmission of a packet that cannot be decompressed, and also

improve compression efficlency and greatly reduce cost required
for packet transmission.

In this case, the mode determination unit may calculate a
rate of change 1n the number of NACK packets or ACK packets received

by the unit time X, and increase the unit time X when the rate

of change is smaller than a predetermined value A, and decrease

L1
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the unit time X when the rate of change 1is larger than a
predetermined value B.

Thus, when determining that the transmission quality 1is
stable since NACK packets or ACK packets are received with roughly
regular frequency, the transmitting side extends the time
interval between possible changes of the header compression
scheme and, otherwlse, shortens the time internal. As such,
highly responsive to the change in transmission quality during
wlreless transmission, the transmitting side switches the header

compresslion scheme, thereby 1mproving the compression efficiency

and the transmission quality during wireless transmission. In
other words, header decompression errors are suppressed for high
compression efficiency, and therefore transmission cost can be
reduced.

A second aspect of the present i1nvention is directed to a

header decompression apparatus for decompressing a header of a

recelved packet by referring to reference information that is also
included 1n a transmitting side, and the apparatus includes: a

reference information manager for storing and managing the

reference 1nformation,; a packet receiver for receiving the packet

with update information selectively added thereto for updating

the reference 1nformation,; a packet decompressor, provided with
the packet received by the packet receiver, for updating the
update 1nformation by using the update information and

decompressing the header of the packet by referring to the

12
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reference 1information; a packet transmitter for transmitting an
ACK packet 1ndicating that the reference information has been
correctly updated or a NACK packet for requesting transmission

of the update information when a header decompression error OCCuUurs

1in the packet decompressor; mode determination unit for switching

the operation mode of the transmitting side to a reliable mode

where, after updating the reference 1information of the
transmitting side, the transmitting side continuously adds the
update 1nformation until receiving the ACK packet, and to an

optimistic mode where the transmitting side adds the update

information when the reference information of the transmitting

side 1s updated and whenever recelving the NACK packet; and a mode

notification unit for notifying the transmitting side of the
operation mode selected by the mode determination unit. The mode
determination unit counts the number of header decompression
errors that occurred by a unit time X 1n the packet decompressor.
When the operation mode 1s the optimistic mode and the number 1s
larger than a predetermined value Y, the mode determination unit
switches the operation mode to the reliable mode. When the
operation mode 1s the reliable mode and the number 1s smaller than
a predetermined value Z, the mode determination unit switches the
operation mode to the optimistic mode.

According to the second aspect, the recelving side
determines the transmission quality based on the state of

occurrence o0of header decompression errors. When  the

13
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transmlssion quality is degraded, the receiving side switches the
header compression scheme at the transmitting side to the reliable
mode. When the transmission quality is improved, the receiving
side switches the header compression scheme to the optimistic mode.

5 As such, by switching the header compression scheme at the

recelving side, the header compression efficiency and the
transmissionquality duringwireless transmission can be improved.
In other words, 1t 1s possible to reduce time and cost required

F

for transmission of a packet that cannot be decompressed, and also

10 lmprove compression efficiency and greatly reduce cost required

for packet transmission.

In this case, the mode determination unit may calculate a
rate of change 1n the number by the unit time X, and increase the
unit time X when the rate of change 1s smaller than a predetermined

15 value A, and decrease the unit time X when the rate of change 1is
larger than a predetermined value B.

Thus, when determlning that the transmission quality 1is

stable since header decompression errors occur with roughly

regular frequency, the receiving side extends the time interval

20 between possible changes of the header compression scheme at the

transmitting side and, otherwise, shortens the time internal. As
such, highly responsive to the change 1n transmission quality
during wilireless transmission, the recelving side switches the
header compression scheme of the transmitting side, thereby

25 1mproving the compressionefficiency and the transmission quality

14
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during wilreless transmission. In other words, header
decompression errors are suppressed for high compression
efficiency, and therefore transmission cost can be reduced.

A third aspect of the present invention is directed to a

header compression apparatus for compressing a header of a packet

to be transmitted by referring to reference information that is

also 1ncluded in a receiving side, and the apparatus includes:

a reference 1nformation manager for storing and managing the

reference i1nformation; a packet compressor for compressing the

ﬁ

header of the packet 1n a specified operation mode by referring

to the reference information, and selectively adding, to the

compressed packet, update information for updating the reference

information at the receiving side; a packet transmitter for

transmitting the packet compressed by the packet compressor; a

packet receiver for receiving an ACK packet indicating that the

reference i1nformation at the receiving side has been correctly
updated or a NACK packet for requesting transmission of the update
information due to a header decompression error that occurred at
the recelving side; a delay time measuring unit for measuring a
roundtrip delay time with respect to the receiving side by
transmitting and receiving a packet to and from the receiving
side; and a mode determination unit for switching the operation
mode of the packet compressor to a relliable mode where, after the
reference i1nformation of the header compression apparatus 1s

updated, the packet compressor continuously adds the update

15
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information until the ACK packet is received, and to an optimistic

mode where the packet compressor adds the update information when
updating the reference information of the transmitting side and

whenever receiving the NACK packet. The mode determination unit

recelves, by aunit time X, the roundtrip delay time from the delay
time measuring unit, and switches the operation mode to the
reliable mode when the operation mode 1s the optimistic mode and
the roundtrip delay time 1s smaller than a predetermined value
Y, and to the optimistic mode when the operation mode is the
relliable mode and the roundtrip delay time 1is larger than a
predetermined value Z.

According to the third aspect, based on the roundtrip delay
time with respect to the receiving side, the transmitting side
switches the header compression scheme to the reliable mode when
the roundtrip delay time i1s short, and to the optimistic mode when

long. As such, by switching the header compression scheme by the

transmitting side, the header compression efficiency and the

transmissionqualityduringwireless transmission can be improved.

In other words, 1t 1s possible to reduce time and cost reqgqulred

"or transmission of a packet that cannot be decompressed, and also

l__L

1mprove compression efficiency and greatly reduce cost reqgquired

for packet transmission.
In this case, the mode determination unit may calculate a
rate of change 1n the roundtrip delay time, and increase the unit

time X when the rate of change 1s smaller than a predetermined

16
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value A, and decrease the unit time X when the rate of change 1is
larger than a predetermined value B.

Thus, when determining that the transmission quality is
stable since the roundtrip delay time 1is roughly stable, the

transmitting side extends the time interval between possible

changes of the header compression scheme and, otherwise, shortens
the time i1nternal. As such, highly responsive to the change 1in
transmission qguality during wilreless transmission, the
transmitting side switches the header compression scheme, thereby

improving the compressionefficiency and the transmission quality

during wireless transmission. In other words, header

decompression errors are suppressed for high compression

efficiency, and therefore transmission cost can be reduced.

r—

A fourth aspect of the present i1nvention 1is dilirected to a

header decompression apparatus for decompressing a header of a
recelved packet by referring to reference information that 1s also
included 1n a transmitting side, and the apparatus i1ncludes: a
reference 1nformation manager for storing and managlng the
reference 1nformation; a packet receiver for receiving the packet

wlth update i1information selectively added thereto for updating

the reference 1nformation; a packet decompressor for receiving

the packet received by the packet receilver and updating the

reference 1information by using the update 1nformation, and
decompressing the header of the packet by referring to the

reference 1nformation; a packet transmitter for transmitting an

17/
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ACK packet 1ndicating that the reference information has been

correctly updated or a NACK packet for requesting transmission
of the update Information when a header decompression error oCccurs
1n the packet decompressor; a delay time measuring unit for
measuring a roundtrip delay time with respect to the transmitting
slde by transmitting and receiving a packet to and from the

transmitting side; a mode determination unit for switchiling the

operation mode of the transmitting side to a relliable mode where,

after updating the reference information of the transmitting side,
the transmitting side continuously adds the update information
untilil receiving the ACK packet, and to an optimistic mode where

the transmlitting side adds the update 1nformation when the

reference information of the transmitting side 1s updated and

whenever receilving the NACK packet; and a mode notification unit

for notiftying the transmitting side of the operation mode selected

by the mode determination unit. The mode determination unit

recelves, by aunlit time X, the roundtrip delay time from the delay
time measuring unit, and switches the operation mode to the
reliable mode when the operation mode 1s the optimistic mode and
the roundtrip delay time 1s smaller than a predetermined value
Y, and to the optimistic mode when the operation mode 1s the
reliable mode and the roundtrip delay time 1s larger than a
predetermined value Z.

According to the fourth aspect, based on the roundtrip delay

time with respect to the transmitting side, the receiving side

18
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swltches the header compression scheme to the reliable mode when
the roundtrip delay time 1s short, and to the optimistic mode when

long. As such, by switching the header compression scheme by the

L.

recelving slde, the header compression efficiency and the
transmission quallityduringwilreless transmission can be improved.
In other words, 1t 1s possible to reduce time and cost required
for transmission of a packet that cannot be decompressed, and also
improve compression efficiency and greatly reduce cost reguired
for packet transmission.

In this case, the mode determination unit may calculate a
rate of change 1in the roundtrip delay time measured by the unit
time X, and increase the unit time X when the rate of change 1is
smaller than a predetermlined value A, and decrease the unit time
X when the rate of change 1s larger than a predetermined value
B.

Thus, when determining that the transmission quality 1is
stable since the roundtrilp delay time 1s roughly stable, the
recelving side extends the time Interval between possible changes
of the header compression scheme and, otherwise, shortens the time
internal. As such, highly responsive to the change 1n
transmission quality duringwireless transmission, the receiving
si1de switches the header compression scheme of the transmitting
side, thereby 1mproving the compression efficiency and the

transmission quality during wilireless transmission. In other

words, header decompression errors are suppressed for high

19
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compression efficiency, and therefore transmission cost can be
reduced.
A fi1fth aspect of the present invention is directed to a

neader compression method of compressing a header of a packet to

be transmitted by referring to reference information that is also

1ncluded in a recelving side, and the method includes: a packet

gr—re

compression step of compressing the header of the packet in a

speclfied operation mode by referring to the reference

information stored, and selectively adding, to the compressed

packet, update information for updating the reference information
at the receiving side; a packet transmission step of transmitting
the packet compressed 1n the packet compression step; a packet
recelving step of receiving an ACK packet indicating that the
reference 1nformation at the receiving side has been correctly
updated or a NACK packet for requesting transmission of the update
information due to a header decompression error that occurred at
the receiving side; and a mode determination step of switching

the operation mode of the packet compression step to a reliable

mode where, after the reference 1nformation 1s updated, the update
information is continuously added until the ACK packet is received,
and an optimistic mode where the update information 1s added when
the reference 1nformation 1s updated and whenever the NACK packet

1s recelved. In the mode determination step, when the operation

mode 1s the optimistic mode and the number of NACK packets received

by a unit time X 1s larger than a predetermined value Y, the
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operation mode 1s switched to the reliable mode, and when the
operation mode 1s the reliable mode and the number of ACK packets
recelived by the unit time X is larger than a predetermined value
Z, the operation mode 1s switched to the optimistic mode.
According to the fifth aspect, the transmitting side

rh

determines the transmission quality based on the state of update

ot the reference information at the receiving side. When the
transmission quality 1s degraded, the transmitting side switches
the header compression scheme to the reliable mode. When the
transmission quality 1s 1mproved, the transmitting side switches
the header compression scheme to the optimistic mode. As such,
by swlitching the header compression scheme at the transmitting

side, the header compression efficiency and the transmission

quality during wireless transmission can be improved. In other
words, 1t 1s possible to reduce time and cost required for
transmission of a packet that cannot be decompressed, and also

1mprove compression efficiency and greatly reduce cost required

for packet transmission.

B

In this case, 1n the mode determination step, a rate of
change i1in the number of NACK packets or ACK packets received by
the unit time X 1s calculated, and the unit time X is increased
when the rate of change 1s smaller than a predetermined value A,

and decreased when the rate of change 1is larger than a

predetermined value B.

Thus, when determining that the transmilission quality 1s
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stable since NACK packets or ACK packets are received with roughly
regular frequency, the transmitting side extends the time
1nterval between possible changes of the header compression
scheme and, otherwlise, shortens the time 1nternal. As such,
highly responsive to the change 1n transmission quality during
wlireless transmission, the transmitting side switches the header

compression scheme, thereby 1mproving the compression efficiency

and the transmission quality during wireless transmission. In
other words, header decompression errors are suppressed for high

compression efficiency, and therefore transmission cost can be

reduced.
A si1ixth aspect of the present invention 1s directed to a

header decompression method of decompressing a header of a

received packet by referring to reference information that is also
included in a transmitting side, and the method includes: a

packet receilving step of receiving the packet with update

information selectively added thereto for updating the reference
information stored; a packet decompression step, provided with

the packet received 1n the packet receiving step, of updating the

update 1information by using the update 1information, and
decompressing the header of the packet by referring to the
reference 1nformation; a packet transmission step of transmitting

an ACK packet i1ndicating that the reference information has been

correctly updated or a NACK packet for requestling transmission

of the update 1information when a header decompression error OCCUrs
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1n the packet decompression step; a mode determination step of
switching the operation mode of the transmitting side to a
reliable mode where, after updating the reference information of

the transmitting side, the transmitting side continuously adds

0 the update 1nformation until recelving the ACK packet, and to an

optimistic mode where the transmitting side adds the update

'—h

information when the reference information of the transmitting

side 1s updated and whenever receiving the NACK packet; and a mode

notification step of notifying the transmitting side of the

10 operation mode selected in the mode determination step. In the

p~

mode determination step, the number of header decompression

errors that occurred by a unit time X in the packet decompression
step 1s counted, and when the operation mode 1s the optimistic
mode and the number 1s larger than a predetermined value Y, the
15 operation mode 1s switched to the reliable mode, and when the

operation mode 1s the rellable mode and the number 1s smaller than

a predetermined value Z, the operation mode is switched to the
optimistic mode.
According to the sixth aspect, the receiving side
20 determines the transmission quality based on the state of
occurrence o0of header decompression e€rrors. When  the
transmission quality 1s degraded, the recelving side switches the
header compression scheme at the transmitting side to the reliable
mode. When the transmission quality 1s 1mproved, the recelving

25 side switches the header compression scheme to the optimlistic mode.
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As such, by switching the header compression scheme at the
recelving silde, the header compression efficiency and the
transmission quality duringwireless transmission can be improved.
In other words, 1t 1s possible to reduce time and cost required
for transmission of a packet that cannot be decompressed, and also

F
o

1mprove compression efficiency and greatly reduce cost required

for packet transmission.

In this case, 1n the mode determination step, a rate of
change 1n the number by the unit time X is calculated, and the
unit time X 1s increased when the rate of change is smaller than
a predetermined value A, and decreased when the rate of change
1s larger than a predetermined value B.

Thus, when determining that the transmission gquality 1is

stable since header decompression errors occur with roughly

regular frequency, the recelving side extends the time interval
between possible changes of the header compression scheme at the
transmitting side and, otherwilise, shortens the time internal. AS
such, highly responsive to the change 1n transmission guality
during wireless transmission, the receiving side switches the

header compression scheme of the transmitting side, thereby

1mproving the compressionefficlency and the transmission quality
during wilreless ftransmission. In other words, Theader
decompression errors are suppressed for high compression
efficiency, and therefore transmission cost can be reduced.

A seventh aspect of the present 1nvention is directed to
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a header compression method of compressing a header of a packet

to be transmitted by referring to reference i1information that 1is

also 1ncluded 1n a receiliving side, and the method includes: a

.

packet compression step of compressing the header of the packet

in a specified operation mode by referring to the reference

information stored, and selectively adding, to the compressed

packet, update information for updating the reference information
at the receiving side; a packet transmission step of transmitting
the packet compressed 1n the packet compression step; a packet

-

recelving step of receiving an ACK packet 1ndicating that the

reference i1nformation at the receiving side has been correctly

updated or a NACK packet for regquesting transmission of the update

information due to a header decompression error that occurred at

the receiving side; a delay time measuring step of measuring a
roundtrip delay time with respect to the receiving side by
transmitting and receiving a packet to and from the receiving
side; and a mode determlination step of switching the operation

mode of the packet compression step to areliable mode where, after

the reference information 1s updated, the update Information 1is
continuously added until the ACK packet 1s received, and an
optimistic mode where the update 1nformation 1s added when the
reference 1nformation to be referred to 1s updated and whenever
the NACK packet 1s received. In the mode determination step, the
roundtrip delay time measured by a unit time X i1in the delay time

measuring step 1s provided, and when the operation mode 1s the
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optimistic mode and the roundtrip delay time is smaller than a
predetermined value Y, the operation mode 1is switched to the
reliable mode, and when the operation mode is the reliable mode
and the roundtrip delay time 1s larger than a predetermined value
Zz, the operation mode 1s switched to the optimistic mode.
According to the seventh aspect, based on the roundtrip
delay time with respect to the receiving side, the transmitting
side switches the header compression scheme to the reliable mode
when the roundtrip delay time 1s short, and to the optimistic mode
when long. As such, by switching the header compression scheme
by the transmitting side, the header compression efficiency and
the transmilission gquallty during wilireless transmission can be
improved. In other words, 1t 1s possible to reduce time and cost

required for transmission of a packet that cannot be decompressed,

and also 1mprove compression efficiency and greatly reduce cost

required for packet transmission.

In this case, 1n the mode determination step, a rate of
change 1n the roundtrip delay time measured by the unit time X
1s calculated, and the unit time X 1s i1ncreased when the rate of
change 1s smaller than a predetermined value A, and decreased when
the rate of change 1s larger than a predetermined value B.
Thus, when determining that the transmission quality 1s
stapble since the roundtrip delay time 1s roughly stable, the
transmitting si1de extends the time 1nterval between possible

changes of the header compression scheme and, otherwlse, shortens
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the time i1nternal. As such, highly responsive to the change in
transmission quality during wireless transmission, the
transmitting side switches the header compression scheme, thereby
1mproving the compression efficiency and the transmissionquality
during wilireless transmission. In other words, Theader
decompression errors are suppressed for high compression
efficiency, and therefore transmission cost can be reduced.

o

An eighth aspect of the present invention is directed to

a header decompression method of decompressing a header of a
recelved packet by referring to reference information that is also
1ncluded 1n a transmitting side, and the method includes: a

packet receiving step of receiving the packet with update

information selectively added thereto for updating the reference

information stored; a packet decompression step, provided with

.

the packet receilved 1n the packet receiving step, of updating the

update 1nformation by wusing the update 1nformation, and
decompressing the header o©f the packet by referring to the
reference 1information; a packet transmission step of transmitting
an ACK packet 1ndicating that the reference information has been
correctly updated or a NACK packet for requesting transmission
of the update 1nformation when a header decompression error occurs
1n the packet decompression step; a delay time measuring step of
measuring a roundtrip delay time with respect to the transmitting
side by transmitting and recelving a packet to and from the

transmitting side; a mode determination step of switching the
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operation mode of the transmitting side to a reliable mode where,

after updating the reference information of the transmitting side,
the transmitting side continuously adds the update information
until receiving the ACK packet, and to an optimistic mode where
the transmitting side adds the update information when the
reference i1nformation of the transmitting side is updated and

whenever recelving the NACK packet; and a mode notification step

of notifying the transmitting side of the operation mode selected
1n the mode determination step. In the mode determination step,
the roundtrip delay time measured by a unit time X in the delay
time measuring step, and the operation mode is switched to the
reliable mode when the operation mode is the optimistic mode and
the roundtrip delay time i1s smaller than a predetermined value
Y, and to the optimistic mode when the operation mode is the
reliable mode and the roundtrip delay time 1is larger than a

predetermined value Z.

According to the eighth aspect, based on the roundtrip delay

time with respect to the transmitting side, the receiving side

switches the header compression scheme to the reliable mode when
the roundtrip delay time is short, and to the optimistic mode when
long. As such, by switching the header compression scheme by the
receiving slide, the header compression efficiency and the
transmissionqualityduringwireless transmissilion can be improved.
In other words, 1t 1s possible to reduce time and cost required

for transmission of a packet that cannot be decompressed, and also
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lmprove compression efficiency and greatly reduce cost required

for packet transmission.

In this case, 1in the mode determination step, a rate of
change 1n the roundtrip delay time measured by the unit time X
1s calculated, and the unit time X is increased when the rate of
change is smaller than a predetermined value A, and decreased when
the rate of change 1s larger than a predetermined value B.
Thus, when determining that the transmission quality 1is
stable since the roundtrip delay time 1is roughly stable, the
recelving side extends the time interval between possible changes
of the header compression scheme and, otherwise, shortens the time
internal. As such, highly responsive to the change in

transmission quality duringwireless transmission, the receiving

side switches the header compression scheme of the transmitting

side, thereby 1improving the compression efficiency and the

transmission quality durilng wireless transmission. In other

words, header decompression errors are suppressed for high

compression efficiency, and therefore transmission cost can be

reduced.

These and other objects, features, aspects and advantages

of the present 1nvention will become more apparent from the

o

following detalled description of the present invention when

taken 1n conjunction with the accompanying drawings.

4]

BRI
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FIG. 1 1s a block dilagram showing the structure of a data
transmitting apparatus and a data receiving apparatus according

to a first embodiment of the present invention;

FIG. 2 1s a diagram for demonstrating three-step handshake

carried out when a header compression scheme is switched:

s

FIG. 3 1s a block diagram showing the structure of a data

transmitting apparatus and a data receiving apparatus according
to a second embodiment of the present invention:

FIG. 4 1s a block diagram showing the structure of a data
transmitting apparatus and a data receiving apparatus according
to a third embodiment of the present invention;

FIG. 5 1s a block dlagram showing the structure of a data

transmitting apparatus and a data receiving apparatus according

to a fourth embodiment of the present invention:

FIG. 6A 1s a diagram showing a communication network not

including wilreless communication;

FIG. 6B 1s a diagram showing a communication network

including wireless communication;

—
-

FIG. 7 1s a block diagram showling the structure of a

conventional data transmitting apparatus and a conventional data
recelving apparatus using ROHC;

FIG. 8 1s a sequence chart of ROHC;

FIG. 9 1s a sequence chart of a reliable mode;

FIG. 10 1s a normal sequence chart of an optimistic mode;

and
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FIG. 11 1s an abnormal sequence chart of the optimistic

mode .

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Described below are a data transmitting apparatus and a data

recelving apparatus according to each embodiment of the present

,ﬁ-

invention. The object of the present 1nvention 1s to improve

ﬁ

compression efficliency and transmission quality during wireless

transmission by dynamically switching a header compression scheme
depending on the quality of a transmission path or the state of
a roundtrip delay time. The data transmitting apparatus

g

according to each embodiment of the present invention transmits

each packet after compressing the header thereof. In thils sense,
the data transmitting apparatus can be regarded as a data
compression apparatus or a header compression apparatus. Also,

the data receiving apparatus according to each embodiment of the

present invention decompresses the header of each received packet.
In this sense, the data receiving apparatus can be regarded as
a data decompression apparatus or a header decompression
apparatus. Note that described below 1s a case of unidirectional
communication from the data transmitting apparatus to the data
recelving apparatus, but the description can also be applied to
bi-directional communication carried out by two apparatuses each

having transmission and receiving capabilities and each connected

to a network.
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(First Embodiment)

FIG. 1 1s adata transmitting apparatus and a data receiving

apparatus according toa first embodiment of the present invention.

In FIG. 1, a data transmitting apparatus 1 includes a packet input
unit 11, a packet compressor 12, a packet transmitter 13, an
ACK/NACK packet receiver 14, a reference information manager 15,
and a mode determination unit 31. A data recelving apparatus 2
includes a packet receilver 21, a packet decompressor 22, a packet

output unit 23, an ACK/NACK packet transmitter 24, and a reference

information manager 25.

The reference information manager 15 and the reference
information manager 25 each store and manage the same reference
information. Here, the reference 1information 1s information
indicating a change 1in each field included 1in the header of the
packet from the one 1included 1n the header of the previous packet.
The reference i1information stored 1n the reference i1nformation
manager 15 1s referred to for compressing the header of the packet.
The reference 1nformation stored i1n the reference information

—

manager 25 1s referred to for decompressing the header of the

recelved packet.

The packet input unit 11 receives data by unit of a packet,
and supplies 1t to tThe packet compressor 12. The packet
compressor 12 refers to the reference i1nformation stored in the

—

reference information manager 15 to compress the header of the

supplied packet. The mode determination unit 31 outputs a mode
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switching signal 51. By this switching signal 51, the header
compression scheme taken by the packet compressor 12 is switched

to either one of the reliable mode or the optimistic mode as

described 1n Background Art section. The packet transmitter 13

transmits the packet compressed by the packet compressor 12 to

the data receiving apparatus 2.

When the reliable mode 1s taken, the packet compressor 12

updates the reference information stored 1in the reference

information manager 15, and then adds update information to each

packet until receiving a notification of receiving an ACK packet

from the ACK/NACK packet receiver 14. Here, the ACK packet is
a packet indicating that the reference information in the data

recelving apparatus 2 has been correctly updated, and the update

information is information for updating the reference information
at the recelving side. Also, the packet compressor 12 refers to

the updated reference information to compress the header of the

packet with the update 1information added thereto and the packets
comlng thereafter.

When the optimlstic mode 1s taken, the packet compressor
12 updates the reference information stored in the reference
information manager 15, then adds the update information to only
one packet and, thereafter, outputs packets without adding the
update information thereto. Then, if receiving a notification
of receiving a NACK packet from the ACK/NACK packet receiver 14,

the packet compressor 12 adds the update information to the next
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packet. Here, the NACK packet 1s a packet for requesting
transmission of the wupdate information, the packet being
transmitted when the data receiving apparatus 2 detects a header

decompression error. The packet compressor 12 refers to the

updated reference 1information to compress the header of the packet

wilith the update information added thereto and the headers of the

packets coming thereafter.

The packet compressor 12 takes an arbitrary scheme to know

o
—

when the reference information should be updated. By way of

example, the packet compressor 12 may analyze the packet to

determine whether the reference information should be updated or
not. Alternatively, update of the reference information may be

specified when the packet 1s 1nputted to the packet input unit

11.

The packet receiver 21 recelves the packet transmitted from
the data transmlitting apparatus 1, and supplies 1t to the packet
decompressor Z22. The packet decompressor 22 decompresses the

y—

header of the received packet by referring to the reference

information stored in the reference information manager 25, and
outputs the packet to the packet cutput unit 23. The packet output
unit 23 outputs the packet 1ncluding the decompressed header.

When receiving the packet with the update information added
thereto, the packet decompressor 22 updates the reference
information stored in the reference i1nformation manager 25, and

notifies the ACK/NACK packet transmitter 24 of the update. After
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decompression, the packet decompressor 22 carries out CRC
described 1n the above document ("draft-ietf-rohc-rtp-00.txt 29
June 2000"), for example, to check whether or not the header has
been correctly decompressed. When detecting any decompression
error 1n the header, the packet decompressor 22 notifies the
ACK/NACK packet transmitter 24 of the error.

The ACK/NACK packet transmitter 24 transmits, based on the

notification from the packet decompressor 22, either one of the

ACK packet i1ndicating that the reference information has been
correctly updated or the NACK packet reguesting transmission of
the update i1informatilion, to the data transmitting apparatus 1.

The ACK/NACK packet receiver 14 receives the ACK packet or
the NACK packet transmitted from the ACK/NACK packet receiver 14,
and outputs the ACK or NACK packet to the packet compressor 12
and the mode determination unit 31.

The mode determination unit 31 determines, based on the ACK

packet or the NACK packet receilived by the ACK/NACK packet receiver

14, which of the reliliable mode and the optimistic mode should be
taken i1in the packet compressor 12.

When the data transmitting apparatus 1 and the data
recelving apparatus 2 are both in the optimistic mode, the mode
determination unit 31 counts the number of NACK packets received
bya unit time X by the ACK/NACK packet receiver 14. The number
of NACK packets corresponds to the number of header decompression

errors that occurred 1n the data recelving apparatus 2. When the
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number of NACK packets recelved by the unit time X 1s larger than
a predetermined value Y, themode determination unit 31 determines
that the transmission quality 1s degraded, and outputs the mode
switching signal 51 for instruction of switching to the reliable
mode .

On the other hand, when the data transmitting apparatus 1
and the data receilving apparatus 2 are both 1n the reliable mode,
the mode determination unit 31 counts the number of ACK packets

received by the unit time X by the ACK/NACK packet receiver 14.

The number of ACK packets corresponds to the number of reference
information updates correctly carried out in the data receiving
apparatus 2. When the number of ACK packets received by the unit
time X 1s larger than a predetermined value Z, the mode
determination unit 31 determines that the transmission quality
is improved, and outputs the mode switching signal 51 for
instruction of switching to the optimistic mode.

The packet compressor 12 switches the header compression
scheme between the reliable mode and the optimistic mode based
on the mode switching signal 51 outputted from the mode
determinationunit 31. For this switching, the packet compressor
12 carries out three—-step handshake as described in detail below
to confirm the switching of the header compression scheme 1in the
packet decompressor 22, and then switches the header compression
scheme to be taken by itself. 1In the first step of the three-step

handshake, switching instruction information is transmitted from
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the data transmitting apparatus 1 to the data receiving apparatus

2. In the second step, a packet for confirming the switching of

the header compression scheme 1s transmitted from the data

recelving apparatus 2 to the data transmitting apparatus 1. In

the third step, a packet compressed by the switched header

compression scheme 1s transmitted from the data transmitting
apparatus 1 to the data recelving apparatus 2.

FIG. 2 1s a dilagram for exemplarily demonstrating the

three-step handshake carried out for switching the header

compression scheme. In this example, the header compression

scheme 1s switched from the optimistic mode to the reliable mode,

1n both the data transmitting apparatus 1 and the data receiving

apparatus 2. Before switching, each packet has been transmitted
1n the optimistic mode. When determining that the header
compression scheme should be switched, the data transmitting
apparatus 1 transmits a switching 1nstruction information 61 for

switching the header compression scheme. The data transmitting

apparatus 1 may transmit this switching instruction information

6l by adding 1t to the packet containing data, or by using a contro:
packet not containing any data. After transmitting the switching
1nstruction information 61, the data transmitting apparatus 1
walts until receilving a switching-confirmed packet 62. On
recelving the switching instruction information 61, the data
recelving apparatus 2 switches 1ts own header compression scheme,

and also transmits the switching-confirmed packet 62 to the data
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transmitting apparatus 1. After recelving the switching-
confirmed packet 62, the data transmitting apparatus 1 takes the
switched header compression scheme, that 1s, operates 1n the
reliable mode, for packet transmission.

The three—-step handshake 1s described indetail in the above
document (“draft-i1ietf-rohc—rtp-00.txt 29 June 2000"7") .
Alternatively, any other method may be taken for switching the
header compression scheme 1n the data transmitting apparatus 1
and the data receiving apparatus 2.

As stated above, according to the present embodiment, the

transmitting side determines the transmilission quality based on

the state of updating the reference information in the receiving
side, and switches the header compression scheme to the reliable
mode when the transmission quality 1s degraded and to the
optimistic mode when improved. As such, by switching the header
compression scheme in the transmitting side, header compression
efficiency and transmission quality during wlreless

communication can be i1mproved.

(Example Modification of First Embodiment)
In the first embodiment, the unit time X referred to by the
mode determination unit 31 does not have any limitation.

Therefore, the value of the unit time X may be dynamically varied

depending on the number of ACK packets or NACK packets recelived.

The mode determination unit according to one example

re—

modification of the first embodiment counts the number of ACK
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packets or NACK packets received, and also divides the counted

number by the number previously counted, thereby calculating the

F

rate of change 1n the number of received packets. When the

P

calculated rate of change 1s smaller than a predetermined value

A, the mode determination unit determines that the transmission
quality 1s stable, and increases the value of the unit time X.
On the other hand, when the calculated rate of change is larger
than a predetermined value B, the mode determination unit
determines that the transmission quality is frequently varied,

and decreases the value of the unit time X. Note that the rate

of change 1in the number of packets is not restricted to the value
calculated by division as described above, but may be a value
calculated based on history of the number of received packets
stored.

As such, 1n the present example modification, the
transmitting side extends the time interval between possible
changes 1n the header compression scheme when determining that
the transmission quality 1s stable and, otherwise, shortens the
time 1nterval. As such, highly responsive to the change in
transmission quality during wireless transmission, the
transmitting side switches the header compression scheme, thereby
1mproving the compression efficiency and the transmission quality

during wilreless transmission.

(Second Embodiment)

FIG. 3 1s a block diagram showing the structure of a data
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transmitting apparatus and a data receiving apparatus according

to a second embodiment of the present invention. In FIG. 3, a

data transmitting apparatus 3 includes a mode change request
recelver 41, and a data receiving apparatus 4 includes a mode

determination unilt 32 and a mode change request transmitter 42.

In the second embodiment, the data receiving apparatus 4

determines the switching of the header compression scheme, which
1sdifferent from the first embodiment where the data transmitting
apparatus 1 determines the switching. 1In the second embodiment,
components that are the same as those 1n the first embodiment are
provided with the same reference numerals, and not described
hereilin.

When detecting any header decompression error, the packet

decompressor 22 also notifies the mode determination unit 32 of

1

the error. The mode determination unit 32 counts the number o

header decompression errors that occurred by the unit time X in

the packet decompressor 22, and then operates as follows.

When the data transmitting apparatus 3 and the data

ﬁ

recelving apparatus 4 are both in the optimistic mode, if the

counted number of header decompression errors is larger than the

predetermined value Y, the mode determination unit 32 determines

that the transmission quality 1s degraded, and outputs a mode

switching signal 5Z2a for switching to the reliable mode.

On the other hand, the data transmitting apparatus 3 and

the data receilving apparatus 4 are both in the reliable mode, if
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the counted number of header decompression errors is smaller than

the predetermined value Z, the mode determination unit 32

determines that the transmission quality is improved, and outputs

the mode switching signal 52a for switching to the optimistic

mode .

When the mode determination unit 31 outputs the mode
switching signal 52a, the mode change request transmitter 42
transmits a packet containing the information about the mode

switchling signal 52a. The mode change reqgquest receiver 41

recelves the packet transmitted from the mode change request

transmitter 42, and outputs a mode switching signal 52b having

r~

the same value as that of the mode switching signal 52a to the

packet compressor 12.
The packet compressor 12 switches the header compression
scheme based on the mode switching signal 52b outputted from the

mode change request receliver 41. For this switching, as with the

first embodiment, the three-step handshake 1s carried out, for
example.

As stated above, according to the present embodiment, the
receliving side determines the transmission quality based on the

=
-

state of occurrence of header decompression errors. It

determining that the transmission quality is degraded, the header
compression scheme at the transmitting side 1s switched to the
reliable mode and, 1f 1mproved, to the optimistic mode. As such,

the header compression scheme at the transmitting side is switched

41



10

15

20

25

CA 02355016 2001-08-14

by the recelving side, thereby improving the header compression
efficiency and the transmission quality during wireless
communication.

(Third Embodiment)

FIG. 4 1s a block diagram showing a data transmitting
apparatus and a data receiving apparatus according to a third
embodiment o©of the present invention. In FIG. 4, a data

transmitting apparatus 5 includes a mode determination unit 33

and a delay time measuring unit 43 for measuring a roundtrip delay

time, and a data receilving apparatus 6 includes a responding unit

44 for responding to the measurement of the roundtrip delay time.

In the third embodiment, the switching of the header compression

scheme 1s determined at the transmitting side based on the

roundtrip delay time, which isdlfferent fromthe first embodiment

~—

where the switching 1s determined based on the number of received

ACK packets or NACK packets. In the third embodiment, components

that are the same aS'those:hltﬁmafirst.embodiment.arejprévided
wlith the same reference numerals, and not described herein.
To measure a roundtrip delay time between the data
transmitting apparatus 1 and the data receiving apparatus 2, the
delay time measuring unit 43 transmits, at predetermined time
Intervals X, a delay time measuring packet with a timestamp added
thereto. The respondingunit 44 receives thedelay time measuring
packet, and then returns 1t to the delay time measuring unit 43.

On recelving the returned delay time measuring packet, the delay
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time measuring unit 43 calculates the difference between a
recelving time and a timestamp added to the packet for finding
the roundtrip delay time between the data transmitting apparatus
1l and the data recelving apparatus 2, and outputs the calculation

’ﬁ

result to the mode determination unit 33. By way of example, the

delay time measuring packet may be 1mplemented by the RTCP (Real
Time Control Protocol) packet described 1n RFC 1889. How to
measure the delay time 1s not restricted to the above, and any

other method may be taken.

Based on the received roundtrip delay time, the mode
determination unit 33 operates as follows. When the data
transmitting apparatus 5 and the data receiving apparatus 6 are

f‘

poth 1n the optimistic mode, 1f the value of the roundtrip delay

time 1s smaller than the predetermined tTime Y, the mode
determination unit 33 determines that the transmission
reliabillity should be 1increased since 1t does not take much time
to receive the ACK packet from the data receiliving apparatus 6.
Therefore, the mode determination unit 33 outputs a mode switching

signal 53 for switching to the reliable mode where the occurrence

of header decompression error 1s suppressed and the transmlssion
1s reliable more.

On the other hand, when the data transmitting apparatus 5
and the data receliving apparatus 6 are both 1n the reliable mode,

—
p—

1f the value of the roundtrip delay time 1s larger than the

predetermined time Z, the mode determination unit 33 determines
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that degradation i1n compression efficiency should be prevented
since 1t takes much time to receive the ACK packet from the data
recelving apparatus 6. Therefore, the mode determination unit
33 outputs the mode switching signal 53 for switching to the
optimistic mode.

The packet compression unit 12 switches the header
compression scheme based on the mode switching signal 53 outputted

from the mode determination unit 33. For this switching, as with

the first embodiment, the three-step handshake is carried out,

for example.

As stated above, according to the present embodiment, based
on the roundtrip delay time between the transmitting side and the
recelving side, the transmitting side switches the header
compression scheme to the reliable mode when the roundtrip delay
time 1s short, and to the optimistic mode when long. As such,
by switching the header compression scheme at the transmitting
side, the header compression efficiency and the transmlssion

quality can be 1mproved durling wlreless communlication.

(Fourth Embodiment)

FIG. 5 1s a block diagram showling a data transmitting

apparatus and a data receilving apparatus according to a fourth
embodiment o©f the present 1nvention. A data transmitting
apparatus /7 includes the mode change request receiver 41 and the
responding unlit 44, and a data recelving apparatus 8 includes a

mode determination unit 34, the mode change regquest transmitter
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42, and the delay timemeasuringunit 43. 1In the fourth embodiment,
the switching of the header compression scheme is determined at

the recelving side based on the roundtrip delay time, which is

different from the second embodiment where the switching is
determined based on the number of received ACK packets or NACK
packets. 1In the fourth embodiment, components that are the same

as those 1n the first to third embodiments are provided with the

same reference numerals. The detail of the present embodiment

1s evident from the above description of the first to third
embodiments, and therefore not described herein.

According to the fourth embodiment, based on the roundtrip
delay time between the transmitting side and the receiving side,
the receiving side switches the header compression scheme to the
reliable mode 1f the delay time is short, and to the optimistic

mode 1f long. As such, by switching the header compression scheme

at the recelving side, the header compression efficiency and the
Ltransmission quality can Dbe 1mproved during wireless

communication.

Here, example modification 1s mentioned only for the first
embodliment . However, simllar example modification can be
applied also to the second to fourth embodiments. That 1s, as
to the value of the number of header decompression errors in the
data receiving apparatus or the value of the roundtrip delay time,
the mode determination unit i1ncreases the unit time X when the

rate of change 1n the value 1s smaller than the predetermined value
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A, and decreases the unit time X when the rate of change is larger

than the predetermined value B. 1In any example modification,
highly responsive to the change in transmission quality during
wireless transmission, the transmitting or receiving side
> switches the header compression scheme, thereby improving the
compression efflciency and the transmission quality during

wlreless transmission.

While the 1nvention has been described in detail, the

foregoing description 1s in all aspects i1illustrative and not

iy

It 1s understood that numerous other modifications

10 restrictive.

and variations can be devised without departing from the scope

of the invention.
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WHAT IS CLAIMED 1IS:

1. A header compression apparatus for compressing a
header of a packet to be transmitted by referring to reference
information that 1s also 1ncluded in a recelving side, said

apparatus comprising:

5 reference information management means for storing and
managing salid reference information,;
packet compression means for compressing the header of
the packet 1n a specified operation mode by referring to said
reference 1information, and selectively adding, to the compressed
10 packet, update information for updating the reference 1information
at the receiving side;
packet transmission means for transmitting the packet
compressed by said packet compression means;
packet receliving means for receiving an ACK packet
15 indicating that the reference information at the receiving side
has been correctly updated or a NACK packet for requesting
transmission of said update information due to a header
decompression error that occurred at the recelving side; and
mode determination means for switching the operation
20 mode of said packet compression means to a relliable mode where,
after the reference information of the header compression
apparatus is updated, said packet compression means continuously

adds saild update information until the ACK packet 1s receilved,
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and to an optimistic mode where said packet compression means adds
sald update 1nformation when the reference information of the
header compression apparatus 1s updated and whenever recelving
the NACK packet, whereiln

when said operation mode 1s the optimistic mode and the

number of NACK packets received by a unit time X 1s larger than
a predetermined value Y, said mode determination means switches
said operation mode to the reliable mode, and when said operation
mode 1s the rellable mode and the number of ACK packets received
by the unit time X 1s larger than a predetermined value 2, said
mode determination means swlitches sailid operation mode to the

optimistic mode.

2. The header compression apparatus according to claim
1, wherein

sald mode determination means calculates a rate ot
change 1n the numpber of NACK packets or ACK packets receilved by
the unit time X, and 1ncreases the unit time X when said rate of
change 1s smaller than a predetermined value A, and decreases the
unit time X when said rate of change 1s larger than a predetermined

value B.

3. A header decompression apparatus for decompressing
a header of a receilved packet by referring to reference

information that is also included i1n a transmitting side, said
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apparatus comprising:
reference information management means for storing and
managlng sald reference information;

packet receiving means for recelving the packet with

update information selectively added thereto for updating said
reference 1nformation;

packet decompression means, provided with the packet
recelived by said packet receiving means, for updating said
reference information by using said update information, and

decompressing the header of the packet by referring to said

reference i1nformation;

packet transmilission means for transmitting an ACK

packet 1ndicating that said reference 1nformation has been

correctly updated or a NACK packet for requesting transmission

of said update information when a header decompression error
occurs in said packet decompression means,

mode determination means for switching the operation
mode of the transmitting side to a reliable mode where, after

updating the reference information of the transmitting side, the

transmitting side continuously adds said update informationuntil
recelving the ACK packet, and to an optimilistic mode where the

transmitting side adds said update information when the reference

information of the transmitting side 1s updated and whenever

recelving the NACK packet; and

mode notification means for notifying the transmitting
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side of said operatién mode se]'.ected by said mode determination
means, whereih
said mode determination means counts the number of
header decqmpression errors that occurred by a unit time X in said
_packet decofnpreS'sj.on means, and, when said operation méde 1s the
opt:_'.mj‘.st‘ic mode and ‘s-aid number 1s larger than a predetermined
value Y, said mode- determinati\on means switches said bperat_ion
mode to the reliable mode; and when said operation mode is the
rel-iable" mode and said number is small.er-th'an a bredetermine’d
value Z, said mode détermination, means switches said operation

mode to the optimistic mode.

4. The header décomprlessi'on apparatus | éccording to

ciaim 3, whereiln
- said mode determination means calculates a rate of
change in said number by the unit time X, and increase‘s‘ th'e' unit
time X when, said rate qf change 1is smalléi: than a predetermined
value A, and decreases' the unit time X wﬁen sa"id raté of change

is larger than.a'predétermined,value B.

5. .A header compression method of compressing a header
of a packet to be transmitted Dby referring to reference
information that is also included in a receiving side, said method

comprising:
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a packet compression step of'\comp'ressing the header of
ﬁhé packet 1n a-Specified operation mode by ;eferring to said
re.fe;ence informat\ion\ s.tore_\d, and select'ivel.y adding,‘ to the
,c,.ompressed ‘packet, update informétion for.updat_ing the referenée
information at the receiying side;

- a packet transr.nission. step of 'transmitting the packet
compressed in said packet compression step;

a packet receiving step ©f receliving an ACK packet
indicating that the reference ihformation.at the rééeiving side
has b‘éen correc_tly updated or a NACK packet for requesting
transmission of said update‘ ~informa‘tioh due’ to a header
decompressioh error that occurred at the-recéivipg side; and

a mode determination step of swit;:hing the operation
.qué of éaid paéket compression step to a" reliable 'mode where,
after s.aid reference informatio_n_‘ is updated, - said updaf.e
informafion is continuous ly added until the ACK pack'etl is received,
~and to an optim‘isticmode where saild update informat;i.on is added
wh-e‘n said reference information is updated and whenever ‘thé NACK

packet is received, wherein

‘ B in said mode determination step, whén saild operation
mode is the opt:i;mistic mode and the numbér .of NACK packets received
by a unit time X is larger than a predetermined'valge Y, said
operation mode 1s switched to the reliabié mo.d_e, and when saild

operation mode is the reliable mode and the number of ACK packets

51



CA 02355016 2005-05-19

received by the unit time X is larger than a predetermined value

Z, sald operation mode is switched to the optimistic mode .

6 The header compression method according to _‘claim
5 wherein

in said mode determination step, a rate of change in
the number of NACK packets or ACK packets received. by;“ihe unlit

time X 1is calculated, and the unit time X is increased when said
rate of c‘hanicje is smaller than a predetermined value A,. and

decreased when said rate of change is la‘iger than a predetermined

value B.

7. A header deeompression method of decempressing a
header of a received packet by i:eferring to reference" information
-tha-‘t 1s also‘ iricluded in a transmitting side, said method
comprising:

- a packet receiving step‘of receiving the packetlwith
update information select_ively added t‘}llereto. for updatieg said

referenCe information stored;

a packet decompression steb, p#ovided with the packet
reeeived in said packet receiving step, foi: updat‘ing said
reference information by using said update information, and
decompressing the header of the packet by referring to saild

Fd

reference information;

a packet transmission step of transmitting an ACK
pa.c:ket ' indicating that said reference information has Dbeen
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correctly.updated.or a'NACK'packet for requesting trénsmission
of said update 1nformation when a header decompressioh error
occurs in said packet decompression step;

a mode-determination step of switchihg’the operation
mode of tﬁe transﬁitting side to a reliable modé;where,rafter

updating the reference information of the transmitting side, the

‘transmitting side continuouély ad'ds said update information until
receiving:the ACK packet, and to an optimistic mode where the
.transmitting side adds said update information when the reference
information of the transmitting side 1s updated and whenever
receiving the NACK.packet; and
. a m'ode. notification ste‘p of notifying-the transmitting
side of salid operation mode selected in said mode detefmination
step, wherein
in said mode determination step, the number of header
deoonip::eséidn errors that occurred by a unit time X in said packet
decompréssioh_step is counted and, when Said'Operation'mode 1is
the Op.tim.istic mode and said number is larger than a predétermined
value Y, said operation mode is switched to the reliéblémode,
and when said operation mode is the reliable mode and. éaid number
1s smaller tlhan a pfedetermined value Z, said operation mode-.is

switched to the optimistic-mode.
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‘8 : The header decompression méthod acco rding to claim
7, whereln .

in said mode determination step, a rate of change in 
said‘number-by'the unit time X is calculated, and the unit time
X is increased when said rate of change "_is_ smaller than é
predetermined va-lu‘.e'A, and decreased when said rate .of change 1is

larger than a predetermined vélue B.

54



CA 02355016 2001-08-14

g

JHIVNYI
NOILLVNIOANI

HONHIHHHY

d4.LLINSNVYL
LHAIVd
YOVN/ MOV

dHATHOHY
LIMOVd
MOVN/XOV

G¢

il
LINN INd1No NOSSHUINODAA YAATADTY JALLINSNVIL
LTIOVd 1DIOVd LOVd 1DV

&G GG [c . ol

L Old

LIN(

NOILVNINJHLAA
HAON

IS

d0SSHdN0D

LHAIVd

¢l

dHOVNYI
NOLLVIOANI
HONHEHHHY

LIN{l LIdNI
LHAOVd

L1

Gl

Gowling Lafleur Henderson LLP



CA 02355016 2001-08-14

HAON
HIOK ATV THY
H TV THY
JHNY TANOO ONIHOLIMS HAOW
—INTHOLIMS
ONIHOLIMS HAOW NOT L MLISNT
INIHOLIAS
HAOW
HAON JLLSTIRILAO
DLLSTIILAO
LIXOVd VIVQ
HNHHOS HNAHDS
NOLSSHAJNOO NOISSHIdHROO
mm% HH mm%m “
¢ SIILVIVddY [ SNLVIVddY

INIATHOHY VILVA

INLLINSNVYL VIVA

¢ D1 A

Gowling Lafleur Henderson LLP



CA 02355016 2001-08-14

LINN

7 ANOTLYNIALAC

LINIT LNdLA0
LAMOVd

oG

4JON
LTAY

dHOVNYI
NOLLVINJOANT
HONHHHAHY

dOSSHIdN0DH(
LAAOVd

GG

A LL TASNVYL
LSHNOHY
JONYHO HUOW

dYLLIASNYYL
LIAOVd
AOYN/NOV

dHATHOHY
LAMOVd

L¢

e ol d

dALLIASNYYL

dAATHOHY
LSHNOY
HONVHD HUON

JHATHOHY
LHNOVd

AOVN/ MOV

LAMOVd

ol

dHOVNYI
NO LLVIWIOANT

HONHIHAHY

dOSSHINOD
LHAOVd

Gl

g1

LINT LOAdNIT

LaAOVd

[

Gowling Lafleur Henderson LLP



CA 02355016 2001-08-14

G¢

LINA LidLNO

LANOVd

&0

dHIVNVI
NOILVIRIOANT

HONHIHAHY

dOSSHIJNODA(
LAMOVd

GG

a7

A LLINSNVAL
LTNOvd
YOYN/ MOV

Ve
dHATHOHY
LHMOVd

L¢

LIN
IONTHISVHA
AL AVTHA

dHATHOAY
LINOVd
MOYN/ MOV

JHLLINSNYYL
LHXOVd

ol

Vool d

d0SSHIdNOO
LHAOVd

Gl

NOLLVNINHLAA

LINI

et
HAOW

dHAOVNVI
NO LLVAJOANI
HONHIHAHY

LINI LdNI
LIYOVd

L

1

Gowling Lafleur Henderson LLP



CA 02355016 2001-08-14

LINM
INTANSVAHN
ANLL AVIHA

oV A7

dHLLINSNVYL JHATHOHY
LSHNORY LSANOLY
JONVHO HAON HONVHD  HAON

LINI]
NOLLVNINIALAQ

AUJON

44 JTIYNYR

dHOVNVI JHLLTASNVYL JHATHOHY NOT LVIWIOANT

NOTLYIRIOANT 1TV LDV AN
AONRIELLTY SOVN/ DY YOVN,/SOY

dOSSHIdNODA( dAATHOHY dALLIASNYVYL dOSSHAdNOD LINT LOdNI
LANOVd LAAOVd LAAOVd LAAOVd LMOvd
GG I¢ ol Gl L1
S L

S Ol d

Gowling Lafleur Henderson LLP



CA 02355016 2005-05-19

_ AJOMLAN
NOLLVOINNNNOD SSHTIIIM

TVNIWAL
OIdVY H1dVIN0d

TYNIRAL

V.

. A4OMLEN
INOHd dVINTTHD

9L 4.

AJOMLAN
NOTLVIINIAWOD
IJIM

dHAdIS
AVRALYD

L

JHAYHS
AVRALYO

CL

LANMAINT FHI

[L

LANSAINI HHIL

(v J0119)
99 O 4



CA 02355016 2005-05-19

56

LINN IndIno
- IDvd

60

 YIOVNVA
NOILYWIO4NT
HONJHHHHY

JOSSTYIA0DHC
LHAOVd

4e

d4LLINSNVIL

_ LIV
OWAY

s
YHATHOTS
LTV

16

00

- (Q1y Jony)

MAATAOT
L0V
YOVN/ YOV

Ve
J4LLINSNVYL

IDIOVd |

&3

08

L D14

- JHOVNVA
NOILVINHOANI
HONHYHAHY

dOSSHINOD
_ LAAOVd

¢

G8

LIN(F LIdNI
LHIOVd

18



CA 02355016 2005-05-19.

valvn] | | e
~{ralw
ol en

cal e
o]

e

valve

ZIE

ViVQ ¥AJV3H |
HSSIIINOD VIVQ  YHAQYEH
NO LLYWHOANT NOLIVIWYOANT
HONHIHAHY | | HONHY I JAY
06 SILVYVddY 08 SINLVYVddY
INIATHONY VIV( | NOISSIASNVYL VLV

(MUvIoLg) ¢ o g



CA 02355016 2005-05-19

s [0 1l
—{ea[a[s -
cafolr

NOLLYWOANT 4Lvadn

Ear

Tal] |

N CYIVA YHAVAH _
| (ESSTUN0D VIVQ  YaQveH
NOLLVIYOANT _ . NOT LYWMOANT
Hz%aaa_ | JONTIILRY
06 SOLYAVIY 08 SNLVAVAJY
ONIAIAOR VIV NOISSIHSNVYL VIVQ

(Qav Joug) ‘O T 4



CA 02355016 2005-05-19

Ik

a .
K
VIVA  MAQYEH . E
VIVQ ¥AQvaH &~ \
FASSHIINOD \ VIVQ
NOTIVIRIOANI | . NOTLVIRIOANT
FONTYFITY \ TONTULITY
06 SOLYUVddY | 08 SNLVEVAdY

INTATHOFY YIV( NOISSIASNYEL VIVQ

Qavioud) o1 ‘971 4

I H
NEe



CA 02355016 2005-05-19

salen] -

.mqmmm

ORH |
H s

o[

VIVA  MAQVH

———ﬁ----- s q | 0
e

oo Leal@ls

LHAVd NOTZVIRIOANT

alw

VIvVQ YIaVaH

{salalv

4LVAd[

(455844H0) WIVD  ¥EQVH

NOLLYWIOAN

JONTIHHTY

06 SNLVEYddY
INIATHOHEL VIV(

I NOTIVAHOUNT
HAONTIALTY

08 SNLVIVY
NOISSTHSNVYL VIVQ

Gavaoud) 11 "O14



11

PACKET
INPUT UNIT

REFERENCE
INFORMATION
MANAGER

15

12

PACKET
COMPRESSOR

51

MODE
DETERMINATION
UNIT

13

PACKET
TRANSMITTER

14

ACK/NACK
PACKET
RECEIVER

31

PACKET
DECOMPRESSOR

PACKET
RECEIVER

REFERENCE
INFORMATION
MANAGER

ACK/NACK
PACKET
TRANSMITTER

PACKET
OUTPUT UNIT

29




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - abstract drawing

