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present invention relates to a packet tiransmtting nethod for transmtting
and receiving packets anong a plurality of datatermnals, and 10 a

rel aying device and a data termnal used for the packet transm ssion.

DESCRI PTI ON OF RELATED ART Recently, a demand for transmtting through the

Internet s a i a or audio data, which requires a real
time transmﬁé?%,g ﬁiib %E?ﬁ&TﬁmB&A%ETpTBMSMISS t WIHH demand,
an RTP (Real -tinme Transport r ol ) ] I by the RFC (Request For
Comrent) 1889, which was iﬁ%&&d@ﬁ@%ﬁs&qﬁ}%rnet Engi neeri ng Task
Force), a group for 20 standardi zing the Internet. The RTP has functions
such as 1) specification of a payload type, 2) designation of a sequence

nunber, and 3) designatd f i I enabl e such

I nformati on as audi o amlﬁ@ﬁéh@?@mﬂgmﬁﬁ@l n real tinme on the
Internet. Usually, the RTP is wused as an upper |ayer for the IP (internet
protocol) on a network |layer and 25 the UDP (User Datagram Protocol) on a

transport PF'E[@ I W@ ontents of an RTP header, UDP header, and
| P heade?i%g(e)af erI-,3 :tg‘r(‘a\{%rre Itqo as "RTP/UDP/ | P headers") attached to
data, 2 7 AUG 2004 2 such as audio and video data, to be transmtted

according to the RTP, UDP
The present invention relates to a packet transmitting method for

transmitting and receiving packets among a plurality of dataterminals, and

10 arelaying device and a data terminal used for the packettransmission.
DESCRIPTION OF RELATED ART

Recently, a demand for transmitting through the Internet such data
15 as video data or audio data, which requires a real time transmission, has
been intensified.
As a protocol to meet the demand, an RTP (Real-time Transport
Protocol) is ruled by the RFC (Request For Comment) 1889, which was
issued by the IETF (Internet Engineering Task Force), a group for
20 standardizing the Internet. The RTP has functions such as 1) specification
of a payload type, 2) designation of a sequence number, and 3) designation
of a timestamp. These rules enable such information as audio and video
data to be transmitted in real time on the Internet.  Usually, the RTP is
used as an upper layer for the IP (internet protocol) on a network layer and
25  the UDP (User Datagram Protocol) on a transport layer.
Fig. 11A shows contents of an RTP header, UDP header, and IP
header (hereafter, referred to as “RTP/UDP/IP headers”) attached to data,




and I P. Hereinafter, a packet including the RTP/UDP/IP headers is dal A%I?_Um
an | P packet. As shown in the drawi ng, the I P header needs 20 bytes, the
UDP 5 header does 8 bytes, and the RTR header does 12 bytes, thus the
total anount of RTP/UDP/IP headers reaches 40 bytes. In contrast, video
data contained in one |IP packet conprises, for exanple, about 50 bytes.
For transmtting such inage data in the form of packets, the overhead
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[ d 15 by t - ' r t he
kTRl OOl B headisTopn HHTe BPaviitl S 1Pk, Mo tyfed WHRE e
head ' ' 1 tipab i< a e ifie
RERS JHer Bobd® Byles, 4 ORTIIRAASE Mool 12 Byfteadfils IRl

conpr essi gmownlt |obeT@¢UDFggP Rsade?$ r@hes4D E?geiret %?g@raéth%i&m%%“ on

I's applied between two nodes on a network t ugh patkets are

transmi tteshiaimnd ia dleRlpdckedfcoddpases, o difipld, AbAItSP I edDr For
specifically, of the two nodes, one node (hereinafter referred to as a

"sender nodr$mittirysudts itlageRTRAUBPIHP forthesdpackas, tiecoperticads reéalitiel P
packets conmmuni cated anong the data 25 termnals into a conpressed header,

and tr ansthetsfore nadess Himadd4 peroepises s®ih fadiefor transhdttdigeadivodata
(hereinafter referred to as a "receiver node"). Concurrently, the sender
node 0 anwhicls conepriaas 2Obtes he aver packetAti® 28@thead reaches as much as

66 percents.  Since a practical transmission needs headers for other layers

to be added, the whole headers occupy a large percentage of one packet,
thereby causing a drawback of reducing efficiency in communication.

As one technique to overcome the drawback, the RFC2508 issued
by the IETF shows an RTP compression protocol to compress the
RTP/UDP/IP headers. The RTP compression protocol permits the
RTP/UDP/IP headers shown in the Fig. 11A to be compressed into a header
exemplified in Fig. 11B (hereinafter referred to as a“compressed header”).
This compression will be detailed as follows.

The method of the compression is applied between two nodes on a
network through which packets are transmitted among a plurality of data
terminals, for example. More specifically, of the two nodes, one node
(hereinafter referred to as a “sender node”) converts the RTP/UDP/IP
headers of one part of the [P packets communicated among the data
terminals into a compressed header, and transmits it, as a header-

compressed packet, to the other node (hereinafter referred to as a “receiver

node”). Concurrently, the sender node transmits the RTP/UDP/IP headers




of the other part of the IP packets to the receiver node, as a fuﬂ Arﬁga@!ﬁr
packet w thout any conpression. The recei ver node deconpresses (i~
restoration) to an | P packet the header3 conpressed packet or t he

ful | -header packet received fromthe sender node, and sends it to the next
node or a 5 receiver data termnal. The full header is a header in which
Iengt hs included in the RTP/UDP/|IP headers shown in Fig. 11A are replaced
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the static fields. Wen t sen er esen t he
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has a full header including the static e Sen node

converts idfermBFiddhchiidfigos @GNAE XT qDefcﬁUi%% ﬁyﬁ%'tﬁ’e W%ﬁn‘e%?’g

conpressed header with no static fields include e thus-converte

conpr esseandadiek stquertd ntimbdrdinlearil axRriat AN ber,ikeAdar thewRles sred
packet. Wien the receiver node receirves the full header packet

cor r espontiangmissiohdrémr e seRdprakde, the recei ver node restores the
received RTP/UDP/ I P headers with reference to the full header 25 in the
firstldecei ved Thelcomtenkeof phe komprassediheader siewnhins FilechhBresis athw
headers into an jnternal storage device. After this, the receiver node uses
the statiberexplamness (e miata (wpsestipeaderth denses hatchieg epplieteimstthei

fields 27R’%%019/%P headers in Fig. 11A, which includes a version number (V)
written in the [P header and the payload type written in the RTP header, are
constant data (hereinafter referred to as “static fields™) for each packet to be

15  transmitted from the sender node.  Hence, as illustrated in Fig. 11B, the
compressed header does not include data of the static fields. When the
sender node sends the first IP packet of the packet stream to the receiver
node, it sends a full-header packet which has a full header including the
static fields.  After this, the sender node converts the RTP/UDP/IP headers

20 of the succeeding IP packets into a compressed header with no static fields
included. The thus-converted compressed header is sent to the reception
node as a header-compressed packet. When the receiver node receives the
full header packet corresponding to the first IP packet, the receiver node
restores the received RTP/UDP/IP headers with reference to the full header

25 in the first received full-header packet, and writes the thus decompressed
headers into an internal storage device. After this, the receiver node uses

the static fields of the RTP/UDP/IP headers so as to restore the static fields




4 of the conpressed header in the header-conpressed packets that v;é:JZ:IA Ezg
recei ved successively after the first packet. The data in the stat p [H’js
are not always constant over all the |IP4 packets, but m ght be changed in a
certain I P packet. If such a change 5 occurs in a certain |IP packet, the
sender node will transmts a full header packet including a full header
corresponding to the RTP/UDP/I P header of the IP packet to the receiver

hoptted 1 Ot e CARIERRRAT bed08r 1R ey BohiCRRpre5d Bankeliidhan e o feence
number a”qeﬁgeaisﬂﬁééﬂfp%&%ﬁtgﬁtﬁﬁr{lf d%r as well as the ID of the IP

header. The tinmestanp in 3{" whi ch a pacl(;g;fi s transnmitted
) tant ere val.ues

Cehanged - amuntal® AR A & SEXRCAERSS %‘\%}oH%gb‘ggﬂif@ﬂtﬁ'iaglﬁé%ﬁ?tﬂgtﬁ%??g%g. "
[ ' il t . e o] e .

ho. 15 shonackiiSEra® Might Belehaitien 1510 cBHE, T Sidcer 10 dE Snsh s (depeg 1 ne

data §n pbeudeld a dirblidSTP Aackes TERRARP Hote B (LESGhIST: AR SeafEiCh

hol ds RTP/UDP/ 1P headers in i1ts storage device, a es,

i 1, peyscRaoR el ouun ekl eSeS SRRV RTHODYAP R 1

corresponding delta fields of the stored e el ng 20
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consecutively be received thereafter. However, 'it 1s not always true that

the difference Thkuatatan ihhehdelstatiofis eheish amne Clatehaig BPEwean il khéhe 1P
packets. There are sone cases where changes are nade 10 eir difference
val ues. | RTALHD BAPebeadsrashes2bn diigf digniecludethe seauente fianbef ahided to
t he receiver node. The receiver node is able to restore the contents in
the dHl t atimestarspcobithenBdR header agTWeUDRS Ithe hEadef shof[Pebehbder. The
header - conpr essed packet which wll be ) ,
timestamp indicates the time at which a packet istransmitted or generated.
Such data are expected to have constant difference values (changed
amounts) between successive two IP packets transmitted in turn.
Hereinafter, fields providing such data are referred to as“delta fields.” As
15  shown in Fig. 11B, the basic compressed header does not include the data
in the delta fields. As described above, the receiver node, which holds
RTP/UDP/IP headers in its storage device, adds difference values, which
have been previously obtained, respectively to the values in the
corresponding delta fields of the stored RTP/UDP/IP headers, thus being
20 able to decompress delta fields of compressed headers which will
consecutively be received thereafter.

However, it is not always true that the difference values in the delta
fields are constant between all the IP packets. There are some cases
where changes are made to their difference values. In such cases, changed

25  difference values have to be notified to the receiver node. The receiver

node is able to restore the contents in the delta fields contained in the

RTP/UDP/IP headers of each header-compressed packet which will be




27 AUG 2004 5 received thereafter, with reference to the contents oé tm,,
RTP/ UDP/ | P headers held in the storage device and the newly notifi (] 2004
di fference values. For this purpose, the conpressed header shown in Fig.
11A has flags S, T and | that represent whether the difference values in
the delta fields are 5 changed or not. If any difference values are
changed, the new difference values are added to the conpressed header, as
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line in Fig. 11B. Further, e IS a change I'n rence val ue of
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value (delta IP I D) showi ng the new difference vaYVue I's attached

to the coFiJ%.eISBBd Meradeitallfs ifs fevve i'snal'_dfﬁi;ng%lﬁx tﬁ@aiﬁefeqLc%s?u lehﬁgg 3

further includes the 20 EXT ID and i seq, li1ke the er. The
recei ver sapemeconmbesoéthe RTEdmadessed Rardes the ldrahasequeict he
contents of RTP/UDP/IP headers specified by the CONT I D. The receiver

node refrumbes dififerenek vabup édelea RFD seqliente)ssipwing alsd npac deffefdirader -
conpressed packet or full-header packet) sent in order fromthe sender 25
node. I0hevalue ofstireosaquencgtniwober iis added dadhe compiessed dieedelr, aspdtwh he
recel ver ]?)(f) dt%ed(caitotetgc? Pi?}se }nhalgigt. hlel fa ¢ I%%gila?rrlg, lif St}lelpeeti\sNe::la nclfageges?g d&re and
difference value of the timestamp of the RTP header,“1” is set to the flag T,
and a timestamp difference value (delta RTP timestamp) showing the new
difference value of the timestamp is included in the compressed header, as
15  shown by the dotted line in Fig. 11B. Further, if there is a change in the
difference value of the ID of the IP header, “1” is set to the flag I, and an
ID difference value (delta IP ID) showing the new difference value of the
ID is attached to the compressed header.
As shown in Fig. 11B, the compressed header further includes the
20 CONTEXT_ID and link_seq, like the full header. The receiver node
decompresses the compressed header in compliance with the contents of
RTP/UDP/IP headers specified by the CONTEXT ID. The receiver node
refers to the link sequence number link_seq of each packet (header-
compressed packet or full-header packet) sent in order from the sender

25 node. When it is found that some link sequence numbers are dropped, the

receiver node determines that the packets are lost between the sender and

receiver nodes.




recei ver nodes. 7 7 AUG 2004 6 Referring to Fig. 12, procedures made for
packet transm ssion between the sender and receiver nodes w Il now? BeAll§ 2004
described. In Fig. 12, a field A shows.a static field of the RTP/UDP/IP
headers (i.e., any of the data with thé dense hatching applied in Fig.
11A), and a field B shows a 5 delta field (i.e., any of the data wth no
hatching applied in Fig. 11A). Further, in Fig. 12, "F" represents a

full -header packet, while "C' represents a header-conpressed packet. Wen
recei ving an | PRefekéng atot Rigsni2,t pdoteduves agaide fofaparket efrhdaliséidnd
receiver date termnal, the sender node stores the P/UDP/ 1P 10 headers
of the | Pbpteéen the sendei and irataveanogiesrnagb nder bealesCeitedr r dat Fig. 1he
sender node produces a full header by substituting lengths in the headers
for a CONmEh@ld B ahawsi nktaeytiedd ef thebRTPYURKP AR deatleds (i.a)smyt oftibet he
receiver node the full header packet including both the produced full
header andathawatl e slemsé thatchurfgappiiedoinaFignl1 RyPapdyd 6edd)B stiowdiach is
the part of the |IP packet excluding the RTP/UDP/|P headers (refer to "OP1"
in Fi @ 1dpltathield doei,vany mddthendiath wibene dwiching appliededdiig. daokpt
restores the RTP/UDP/IP headers fromthe full header of this packet

(nanmel y, Freheonmextiep dAd I hwepepeate exfulddicader r packate wiliile ‘HS4der),
and transnmts the IP d’;\cket with this header to the next node or a 20

recei ver HRIES§HER M.errwmﬁr%ssssaa&kpbn, t he deconpressed RTP/ UDP/IP

headers are stof into its integnal storage device, _The sender node then
converts the RTI /TFECHdEde Y F E\*?Fﬁ?eg) agé@ksé{“tEFdr EE@my 8gsgnder date | p

K . q . : c ; h
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the cyrfissdds WPAR 1P pddket A°ARE  its internal storage device. Concurrently,

the sender node produces a full header by substituting lengths in the

headers for a CONTEXT _ID and link sequence number link seq, and

transmits to the receiver node the full header packet including both the

produced full header and data (hereinafter referred to as an“RTP payload™),

15  which is the part of the IP packet excluding the RTP/UDP/IP headers (refer

to "OP1" in Fig. 12). The receiver node which received this full-header

packet restores the RTP/UDP/IP headers from the full header of this packet

(namely, the CONTEXT_ID and link seq are extracted from the full

header), and transmits the [P packet with this header to the next node or a

20 receiver data terminal. In this operation, the decompressed RTP/UDP/IP
headers are stored into its internal storage device.

The sender node then converts the RTP/UDP/IP headers in an IP

packet b received after the IP packet a into a compressed header, and

transmits the packet b with the compressed header to the receiver node

25 (refer to "OP2" in Fig. 12). In the compressed header in the header-
compressed packet, a difference value AB(=1) between a value [1] in the

delta fields B of the packet b and a value [0] in the delta fields B of the last




conpressed packet, a difference value OB(=1) between a value [1] in the
delta fields B of the packet b and a value [0] in the delta fieIdsI%gU m@e
last 7 2 7 AUG 2004 Packet .a is added,7while a value of "I" is sez t @
flags (flags S, T and | shown in Fig. 11B) that represent changes or
non-changes in the difference value. The receiver node, which received the
header - conpressed packet 12, 5 obtains the delta fields B of the packet b

b ddi dj f A B nqgtified in this_.pac to.the val ues of
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t d i i 0t h ceiver node then transn.ts an | P
cacker 10°h0%n i B B YEpsestAE chRERLEE aba-Chamets in B Buftirdttenl 1 o
fields B ggﬂlet he static fields 10 A of the RTP/UDP/|I P headers extracted
fromthe I'P packet a, and the RTP payload. The RTP/UDP/ | P headers referred
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conpressed header with no difference value ( , information shown by the
dot t e | i Aeof the RITP/UIBP(IPeheiddre exthitted Trdtadthb2P pABRet’ £CAid Bie RAYE t hat

received this
payload. The RTP/UDP/IP headers referred in decompressing the IP
packet b (in this case, the RTP/UDP/IP headers of the last IP packet a) is
specified by the CONTEXT_ID of the header-compressed packet b. The
RTP/UDP/IP headers of the IP packet b and the difference value AB
15 notified in this packet are also stored in the internal storage.

When next receiving an IP packet ¢, the sender node caiculates a
difference value between values of delta fields B of both of the IPpacket ¢
and the last IP packet b. The difference value AB is [1] (=3-2) in this
case, which is the same as the previous one notified to the receiver node

20 last time. Therefore, there is no need to newly notify the receiver node of
the unchanged difference value. Hence, the sender node transmits to the
receiver node a header-compressed packet ¢ having a compressed header
with no difference value (i.e., information shown by the dotted line in
Fig.11B (refer to "OP3" in Fig.12). The receiver node that received this

25  header-compressed packet ¢ adds the stored difference value AB to the

delta fields B of the previous packet b, thereby decompressing the delta

fields B of this compressed header of the headercompressed packet.




25 header - conpressed packet c adds the stored difference value AB to the
delta fields B of the previous packet 12, thereby deconpressing thg Al 28
fields B of this conpressed header of tthe header - conpressed packet. 2 7 AUG
2004 8 Then the receiver node sends an | P packet ¢ conposed of both

RTP/ UDP/ | P headers, including the deconpressed value and the static fields
A extracted fromthe full header of the full-header packets, and RTP
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notified difference value to the values of the delta fields B of the IP packet
d so as to decompress the delta fields B of the packet g, then transmits an IP
packet containing the decompressed delta fields B.
The sender node then receives an IP packet g, which is different in
15  the static field A from the last IP packete. Thus, in this case, the sender
node does not compress the RTP/UDP/IP headers of this IP packet and
transmits a full-header packet g having a full header in which the lengths in
the RTP/UDP/IP headers of the packet g is replaced by the CONTEXT ID
and link_seq. The receiver node that received this full-header packet g
20 converts the full header into the RTP/UDP/IP headers and memorizes them
in the internal storage.

The header compression method ruled by the RFC2508 has been
described above (hereinafter referred to as a “method A”). However, this
compression method has been suffering from somedrawbacks, which will

25 be described as follows.
For instance, as shown in Fig. 13, an assumption is made that the

header-compressed packet ¢ is lost between the sender and receiver nodes




conpressi on net hod has been suffering from sonedrawbacks, which will 25 be
described as follows. For instance, as shown in Fig. 13, an assungtﬁggﬁb@4
made that the header-conpressed packe® -c is |ost between the sender and
recei ver nodes 9 2004 for sone reason. As described above, when
deconpressing the packet d, the receiver node adds the difference val ue AB
to the delta fields B of the |P packet ¢ to deconpress the delta fields B
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And tibe compression is not involved. In particular, in cases the sender and
receiver nodes are connected by a wireless link, a packet is likely to be lost
in the wireless link. If such a loss occurs, some other packets are
frequently discarded at the receiver node. As a technique to resolve such
a problem, the RFC 2507 and 2508 issued by the IETF and the Internet-
15  Draft provide the following methods.
Method 1: Repetitive transmission of full-header packet (RFC
2507)
In the case of the foregoing conventional method A, the sender
node transmits a full-header packet only when the static fields of a header
20 change in value. In contrast, as shown in Fig.14, this method 1 selects
several IP packets to be transmitted every predetermined number of packets,
regardless of whether the static fields change in value or not. And the
selected IP packets are converted to the full header packets with full
headers and the full header packets are transmitted to the receiver node,
25 while the remaining IP packets are converted to header-compressed packet

with compressed headers and the header-compressed packets are

transmitted to the receiver node. In the method A, since full-header




sel ected I P packets are converted to the full header packets wth ffhl X
headers and the full header packets are transmtted to the receiver &Héfmﬁ
25 while the remaining | P packets are d¢Bnverted to header-conpressed packet
Wi th conpressed headers and the header-conpressed packets are transmtted
to the receiver node. In the nethod A since full-header 27 AUG 2004 10
packets are not transmtted to the receiver node as long as their static
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transm tted, reducing efficiency in conmmunication.

full headbeSowsredgh HawkvehanaehresBCARod fNths?HA8S-dFFs %H&’t""ﬁ_lhﬂg{éhg- 15,

when detecting the |loss of a packet, the present nethod 2 permts

recei ver perdedtfort transmittimg fLdl-GeMI&Xpacltéibesaitapsaun the haauest ol
ful |l -header packet for the sender node. \Wen receiving the CONTEXT_STATE,

t he sendepacimde discandsdi issrdibed nestildtPa phoker period eforegensmittitodeuin t he
formof a full- header packet. As a result, an interval during I ch sone
packet s aheadedi packededesulds tin thae d tageofiumbesrofiifullgacdder packdie withi t ed
to the interval 20 between the occurrence of the packet |oss and the

r eceptd onlasge @veuheadseargdrangmukast, reduaing effecienay ieswongminticating. CONTEXT

STATE. Revert hell\/iaes*lﬁbd 2: Request for full headers through back channel (RFC2507
and 2508)

As shown in Fig. 15, when detecting the loss of a packet, the
present method 2 permits the receiver node to transmit a
15 CONTEXT _STATE, a message to request a full-header packet for the
sender node. When receiving the CONTEXT STATE, the sender node
transmits the next IP packet to the receiver node in the form of a full-
header packet. As a result, an interval during which some packets are
discarded due to the loss of a certain packet can be limited to the interval
20 between the occurrence of the packet loss and the reception of a full-header
packet transmitted in response to the CONTEXT _STATE. Nevertheless,
the present method has a drawback that as the interval between the
transmission of the CONTEXT_STATE and the reception of a full-header
packet at the receiver node, that is, an RTT (Round Trip Time), becomes
256 larger, the number of packets discarded are also raised. For
communicating packets by way of a wireless link, such a drawback

becomes noticeable, because the RTT of the wireless link is very long.




the present nmethod has a drawback that as the interval between the 27 Al
transm ssion of the CONTEXT_STATE and the reception of a full-header pa@£g¥
at the receiver node, that is, an RTT (Round Trip Tine), becones 25

| arger, the nunber of packets di scarded are al so raised. For communi cating
packets by way of a wireless |ink, such a drawback becones noticeabl e,
because the RTT of the wireless link is very long. 2 7 AUG 2004 11 Mt hod
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packet h. Mreover, the present net need checksum’i fic ed in

a conpr esggditHgadaimetahar aker gli;;%ckel B re®BivdiPin bhfergb%%l{@? £Sy %%]tgszfg

to determne if packets were conpressed correctly ver, as s

Fig. 16, amd cthees avpacked d packedeited sid aftepnd Ii {Higr SiG&i¥A] UPReABaOf the
delta fields between 15 packets j and k change, there is the problemthat a

packet | difecrevied valugediBt &) Mnahised A PACHVEOHEe ﬁﬁ@ﬁ@fs baodgcenpr essed
correctly. In particular, in the case that packets are conmmuni cated via a
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(namely, over a long interval). Under such a situation, it 1s considered

that @ ff &ABreetaliBRE #O1d8BBasCtHd haklel B. CIMBESVER tie pREHRt MERRSd Of

| ost packets. Therefore the
needs the UDP checksum included in a compressed header (refer to Fig.

11B), so that the UDP checksum is used to determine if packets were
decompressed correctly. However, as shown in Fig. 16, in cases where a
packet k is lost and difference values AB of the delta fields between
15 packets j and k change, there is the problem that a packet ] received
immediately after the packet loss cannot be decompressed correctly. In
particular, in the case that packets are communicated via a wireless link,
there is a possibility that packets are lost in sequence (namely, over a long
interval). Under such a situation, it is considered that difference values
20 AB are likely to change for a large number of lost packets. Therefore the
foregoing problem is amplified.
Method 4, ROCCO (Internet-Draft)
According to the present method 4, the difference value AB can be
estimated on a characteristic of a media through which packets are

25  transmitted. For example, in the case of Fig. 17, it is assumed that packets

g and h are lost and difference values AB between the packets g and h




foregoing problemis anplified. Method 4, ROCCO (Internet-Draft) According
to the present nethod 4, the difference value LAB can be estimatetl7gy§agn,
characteristic of a nedia through whichigpackets are 25 transmtted. For
exanple, in the case of Fig. 17, it is assuned that packets g and h are

| ost and difference val ues AB between the packets g and h 12 27 AUG 2004
change. In this case, changes in the difference values A B are estinmated

on a charagteristi f. a medi a through which packets are transmtted, and a
packet carFB8&&ec ﬁ3§§@§eiﬁh%@$ Huthe dodergnaehealesi AulB eatedesti mmeant e
value A B to the packet f. Additionally, the present nmethod uses an error 5
det ect i ng Wbdchperatgriscafnd madinfthr ereglecbivhr packets are traestoitise] and a
correctly or_not. Thus, even if the difference val ue AB changes, the
present miRackst &ﬂabﬁ’%éeﬁ%@@&%é@m@h afldition e thes sstomaded atiffsrenpacket
to be deconpressed. However, the present nmethod involves a difficulty in
how t he divaies todhaepaniet £. eﬁcfdﬂﬁmmnmhmrdmnrmbﬁmcahswanaéﬁrbpugh a
vari etg of techni ques have been proposed to efficiently perform data
comunP catdeécting rcadten( CROp WDRtofi hmadér theofdddBmpression asepeopirssed,
any techni que has sonme drawbacks. Thus, it is a present situation that
there i s #oriegthyaoironot.n Thbseevenelfy theditfergntdevaluebeyB ofhfinsdct het 0 be
di scarded owing to the 15 loss of a certain packet that has been caused

bet ween t ipgesemhdeethmddenatdesipacketsadesived MM JosTHE d DMENT FALRE (Ehe
present invention has been made in view of the foregoing circunstances. An
obj ect of bendegsmapegasedny dhowener, stheoprasent deethothéded vesr ams it itpdn
nmet hod, a rel ayi ngf device and a data term nal capabl e of

how the difference value AB is estimated.

10 As described above, although a variety of techniques have been
proposed to efficiently perform data communication even when
RTP/UDP/IP headers of IP packets are compressed, any technique has
some drawbacks. Thus, it is a present situation that there is a limitation in
effectively reducing the number of packets to be discarded owing to the

15 loss of a certain packet that has been caused between the sender and

receiver nodes.

SUMMARY OF THE INVENTION

20 The present invention has been made in view of the foregoing
circumstances. An object of the present invention is to provide a packet
transmitting method, a relaying device and a data terminal capable of
effectively reducing the number of packets to be discarded due to the loss
of a certain packet, even if headers of packets to be transmitted and

25  received are compressed.

According to one aspect of the present invention, an object of the

present invention is achieved by a packet transmitting method comprising




effectively reducing the nunber of packets to be discarded due to the |oss
of a certain packet, even if headers of packets to be transmtted andAlUB%)n,
recei ved are conpressed. According to d8e aspect of the present invention,
an object of the present invention is achieved by a packet transmtting
met hod conprising 13 27 AUG 2004 the steps of a packet transm ssion by a
conmuni cati on apparatus provided on a transm ssion node in a network, the

Pon- conpr B2 5PS diia PREKLE LA fllss B P o LBl REREH AbPiefud plodidedlc e
with a fubh NEaAhiGiod H68U%h 2 nERTBHESHEDAAR! Sanihlisif SBLGRSE bl cader

and transmtti ng a conver pac recel ver ; and

a packet bgg@@fg'trprfo?ycanveﬁ@ggﬁ 2Nt p&@fr?&¢1§omg}%£§e%ﬂ K€ (HeGsl ver

node, the reception ng an operation'or recelving the

ful | - headghng@Gied ififo EiBer REAAE GQRP {p_%%ﬁ@fj waeE kefull "h%aag? brefhbagep.t he
10 f i et to a

sender and an conver si on or converting a received pac

deconyy esgéﬂ@r@@&ﬁeﬁacﬁéi!ewﬁﬁrﬁ/ebﬁip@ssédﬁﬁbatﬂiémn@@rd?ﬂ%ﬁﬁhgrh tehvkRERA N9,
in cases a full-header packet or header- conpressed packet~is |ost during

transm sspackétr wnat beceiestaiodeode the hbBBvoriecahdes t r@beﬂ)ﬁ@ﬁtbgn@
header - conpressed packets received during a period between ‘an occurrence

of a packedminvssicatra apparptisorprovidedieah 1te f tddeivegadrydepachet pacist an
operation for deconpressing a conpressed header of the header-conpressed
packet s traespiept indhaderg an apecationrforakcaivifiglthe fadidheaddr paekdtudn threader
packet received after the packet loss. In the nethod, header-conpressed
packet s rheadereepmpressedhpacked rtrargmitted émmotheoserlefr iand headenversidaet
after the | oss of a packet are kept, 20 and the conpressed headers of the
headeld. coffire@ysedtipgck seceivad Packst tapdaersmpinssionopacksl etheoaonwerstont ent s

of the full-header packet.. result,
mclu&ng an %peratlon@%r ieepmg, in cases a full-header packet or header-

compressed packet is lost during transmission from the sender node to the
receiver-node, at least one header-compressed packets received during a
period between an occurrence of a packet loss and a reception of a next
15  full-header packet, and an operation for decompressing a compressed
header of the header-compressed packets thus kept, based on a content of a
full header of the full-header packet received after the packet loss.
In the method, header-compressed packets received until the
earliest reception of a full-header packet after the loss of a packet are kept,
20 and the compressed headers of the header-compressed packets thus kept are
decompressed based on the contents of the full-header packet. As a result,
compared to the foregoing prior art, the number of packets discarded due to
the packet loss can be lowered.
The present invention further provides a packet reception method
25  comprising the steps of receiving a full-header packet with a full header or
a header-compressed packet with a compressed header and converting a

received packet into a decompressed packet; keeping, in cases the full-




conpared to the foregoing prior art, the number of packets discardeg 3ﬂ§ bﬁ
t he packet | oss can be | owered. The present invention further providg 2
packet reception method 25 conprisingléhe steps of receiving a full-header
packet with a full header or a header-conpressed packet with a conpressed
header and converting a received packet into a deconpressed packet;
keeping, in cases the full- 27 AUG 2004 14 header packet or
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transmtting packets in actordance wth the packet transmtti

the presephcikdty k¥ptOBasekd ohUs IRRHERN 6 al BEMPITESRIA hEAIENHT ANfEhddler

enbodi ed so as to'record the program executing the packet reception nethod

of the prpackdt reosiestiafter thatloss bfthgpaoket. a readabl e by conputers, and
deliver the nedia to users, or provide the programto users through

el ectronic conrmhégneim miveatidos cal beBRNBBAREBER B8 Tt dducBHEr BEAHBIGS
Fig. 1 is a block diagramexenplifying the configuration of a

communi catdlay epparatusescoodi g tdata temsinasbddi naansofittifge packetst in20
I nvention. Fi g 2 is_a block diagram exenpli f¥1i ng the configuration of a
recei ver aermsdance weith dhwupackeati tsansmgting method of the present invention.

10 Furthermore, the present invention can be embodied so as to record the
program executing the packet reception method of the present invention
into storage media readable by computers, and deliver the media to users,

or provide the program to users through electronic communication circuits.

15
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a block diagram exemplifying the configuration of a
communication system according to a first embodiment of the present
20  invention.
Fig. 2 1s a block diagram exemplifying the configuration of a
recetver node in the communicationsystem.
Fig. 3 is a timing chart showing an operation performed by the
communication system.
25 Figs.4A and 4B constitute a flowchart showing an operation with

packet loss carried out by the receiver node of the communication system.

Figs.5A and 5B constitute a flowchart showing an operation with




Fig. 3is atimng chart show ng an operation performed by the

communi cation system 25 Figs.4A and 4B constitute a flowhart shovd hdU&aits
operation with packet |oss carried outldby the receiver node of the

comuni cation system Figs.5A and 5B constitute a fl owhart show ng an
operation with 15 2 7 AU G 2004 packet loss carried out in a variation of
the first enbodi nent Figs. 6A 6B and 6C show the configuration of a full

CTming cnback8, Io8s S8R ofind VEMiGh oif s St ERbo e Fth ?an7s‘§t om
Fi . 8A d 8Brc | f j [ '

oss carried out By e BEEREY BOMOR the chtidlar P boPE AUl Dheatitr usdlF i
comuni Ca%lis‘éﬂoﬁbl%trﬁ%dﬁﬁgng[ ﬁf ﬁl;g)@gﬁsggg '1111\11%}3561‘?"[ i on exenplifying a nmenorized

content o 10 storage In ere node in the case that a packet is

lost in the copynizCal ORAS Fi i I 4 oW, ng. an
operation of a l:ggmuni cgt i onﬁ@s?}g}t‘lgmélg%‘gsﬁ%iaﬁb%ﬁgkﬁgﬁt%}?éf%ggomn&m
of t he Epre&gﬁfmhﬁj/midrpgystghg. 11A represents contents of RTP/UDP/IP headers

and Fig.11B 15 represents the contents of a conpressed header. Fig. 12 is

a timng chart PxesnBAfand@Bcoasttitesa Plovaciy ShoaRd an RMekStion with
transmtting nmethod (conventional nmethod A). Fig. 13 gs aR?)i%m rllgncbmart

i |l ustrat packet ldsawhankdodut by thenmetay iappakatupasik ehe treadismt tiddidofRpBod. 20
Fig. 14 is a timng chart exenplifying procedures of aconventional packet
t ransm t t cogumenaadiqmsydien.1) .
Fig. 9 shows an illustration exemplifying a memorized content of
10  storage in the receiver node in the case that a packet is lost in the
communicationsystem.
Fig. 10 is a timing chart showing an operation of a communication
system according to the third embodiment ofthe present invention.
Fig. 11A represents contents of RTP/UDP/IP headers and Fig.11B
15 represents the contents of a compressed header.
Fig. 12 is a timing chart exemplifying procedures of aconventional
packet transmitting method (conventional method A).
Fig. 13 1s a timing chart illustrating a drawback of the conventional
packet transmitting method.
20 Fig. 14 is a timing chart exemplifying procedures of aconventional
packet transmitting method (method 1).
Fig. 15 is a timing chart exemplifying procedures ofa conventional
packet transmitting method (method 2).
Fig. 16 is a timing chart exemplifying procedures of aconventional
25  packet transmitting method({method 3).
Fig. 17 is a timing chart exemplifying procedures of aconventional

packet transmitting method (method 4).




Fig. 15 is a timng chart exenplifying procedures ofa conventionaly Alfdlet
transmtting nmethod (nmethod 2). Fig. 16 is a timng chart exenplifying
procedures of aconventional 25 packet t&dansmtting nethod(nethod 3). Fig.
17 is a timng chart exenplifying procedures of aconventional packet
transmtting nmethod (nethod 4). 27 AUG 2004 16 DETAI LED DESCRI PTI ON OF THE
| NVENTION 5 Wth reference to the acconpanyi ng draw ngs, enbodi nents of the
present invention will now be described. The enbodi nents, which represent
vari ous nodes of the present invention, do not nmean to limt the scope of
the present invention and can be nodified within the scopes of the present
i nvention 10 A: First enbodi nent A-1: Configuration of the first enbodi nent

comuni caton syst AL URIRE K BB KON BT ke MR o 1he
present invention can be applied. In the communication system a sender
data termnal 1 and a receiver data termnal 2 are provided so as to

h ket t g ] is d i bed 20
fer o1 it tor v t A RGyieru@e 18" dochmp Ay MeCFRk i dh SRl Sust e 7
sends pacbgé@n&oiﬁmt;&gew\mrgb% %?al‘y’egc“g&? nefﬁ\@rgm?bgrcgaegﬂ So‘%hfs nder

node 3a and a receiver node 3 ay appar at uses are

sender nogeprage@ndafioasini6aed0fend bresd; id@g@@?%ﬁh@i Y&€3n *96“1Fmgtngﬁ‘é‘0t on

to relay packets which are to be 25 exchange n t he sender
receiver sedpe bethe padsent iavehiZon and can be modified within the scopes of the

present invention

10
A: First embodiment
A-1: Configuration of the first embodiment
15 Fig.1 is a block diagram pictorially exemplifying aconfiguration of

a communication system into which a packet transmitting method of the
present invention can be applied. In the communication system, a sender
data terminal 1 and a receiver data terminal 2 are provided so as to
exchange packets through a network 3. The present invention is described
20 hereinafter with reference to an example in which the sender terminal 1
sends packets to the receiver terminal 2.
The network 3 includes a sender node 3a and a receiver node 3b.
Relay apparatuses are provided on the sender node 3a and receiver node 3b.
The relay apparatuses have a function to relay packets which are to be
25 exchanged between the sender and receiver data terminals 1 and 2.
Although the network 3 of Fig. 1 exemplifiesa configuration including the

sender and receiver nodes 3a and 3b, the present invention is not confined




Al though the network 3 of Fig. 1 exenplifies a configuration |nclqd;m $ohe
sender and receiver nodes 3a and 3b, the present invention is not confined
27 AUG 2004 17 to this configuration Thfee or nore nodes and rel ay

appar atuses provided thereon can be included in the network. In this
configuration, the sender data terminal 1 sends in sequence packets
destined for the receiver data termnal 2 through the network 3. A 5

B oy PP S SERETART RS THE oy dbPe RELRL A5} iy BREHE bR e
node 3a r ‘?éefﬁ%ahrbeofrﬂ:gﬁdéflﬂ?ﬁgﬁkf\gﬁﬁgt fromthe sender data termnal 1,

converts receil ved cket's el'ther full-header packets each

i ncl udi f
Lzﬁpt‘e'sé‘%dahezdier WA Wﬂﬁé%ﬁ%t REP Hafe RATIA] 1o8600¢ RE'S4OLBHCE
before, tpgcieis deSGAEE ol BhArdR36E! dad M}g?ﬁmaz# ghp pac v&@nég' neq 'n an

| P header” or UDP header of RTP/UDP/IP headers o repl aced
by datsa i padieditobers&RNTBHT thesendéd ﬂkraS%mlﬁm ‘lhi§ a@m@ gacl&émhc

recei ving the header-conpressed packet or full-header packet 15 trangmtted

from the REPIED PiBehdadershehowhayn apigar 81 As OThé helag péﬁﬁtuswﬁﬁtﬁ@
restores the RTP/UDP/I P headers fromthe conpressed-header of th

header - c osgndes seodp Bk eecoives hm butler IPagackas deme from theaéemdﬂa@lm and
sends an | P packet including the RTP/UDP/ I P headers to the receiver data
term nal termihel iecenvents dbe aecavadidl packaisantesither il paedder pariet20 from
the receiver node 3b and perforns predeterm ned processing (for exanple,

di spl ay ofadnmgdedingpfall mammd;eaﬂermmpﬂemdp packstsedahdachiding an RTP
payl oad) according to the received | P packet. Like the conventional
techrﬁoque0f6§§§¢ﬁsﬁ cheadesrand serds them fedberecpaek dodeeltns Aspdesaibeashabl i ng

to restor eet%rr]e ! thelof§l Clll(%ealdgg lléj gl héader in which a length value contained in an
IP header or UDP header of RTP/UDP/IP headers of an IP packet is
replaced by data including a CONTEXT _ID or link seq. On the other
hand, when receiving the header-compressed packet or full-header packet

15  transmitted from the sender node 3a, the relay apparatus on the receiver
node 3b restores the RTP/UDP/IP headers from the compressed-header of

the header-compressed packet or the full header of the full-header packet,

and sends an IP packet including the RTP/UDP/IP headers to the receiver

data terminal 2. The receiver data terminal 2 receives an IP packet sent

20 from the receiver node 3b and performs predetermined processing (for
example, display of images, replay of sound, or the like in accordance with

an RTP payload) according to the received IP packet.

Like the conventional technique described before, the full header

packet means a packet enabling to restore an IP packet including

25 RTP/UDP/IP headers on the basis of only contents of the full header
included in the full-header packet. The length values included in the
RTP/UDP/IP headers are replaced by a CONTEXT_STATE and link_seq,




25 RTP/ UDP/ 1 P headers on the basis of only contents of the full header
included in the full-header packet. The length values included in th§ AUG 200f
RTP/ UDP/ | P headers are replaced by a CONTEXT STATE and |ink _seq, 18 2 7
AUG 2004 however, the length values can be restored with reference to the

i nformation on | ower |ayers as well. In contrast, the header-conpressed
packet neans a packet that can be deconpressed to an | P packet based on
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a receiving portion 31b, 10 transmtting p 33D,

storage_poftiol ackéls (alith b Ful b kG PRUL N Guld"e2fnotbe Aetbhlh RACH 3bNer -

The receiving portion 31b serves as unit for receiving a

full - feaden IPgrdcket dncheBASRTR/UDIY IR hehdelehbasi®Nbnfy 8AthBeo kegode

3a through a communication |ine and outputting the pdcket to t control 15

portion 3Btadefhacludetsin thd headwrtompréedsgickes as a neans for
transmtting the data output fromthe control portion 33b through a
communi cati on |Referrimg he Fige éht ihenrelayaapparatualprévideie opottie qbceddieli on
33b includes a CPU or other processing unit and functions as neans for
cont rol | i Aefeath willl tnew bhedeswéhadr AsdshGwibyn B exawingngha mlagram
stored in the storage portiaon 34b. Mre specifically, the control portion
33b has a3BRATatuso®IoftheofecaIvERgnede @b-ﬁuduge? mcdce:ﬁl\ang ipgatiem— chdrmBr e_ssted

acket. received via the r i ving portion 31 romthe sender node 3a into
gn | POackaeSHHYNE, AL IRR t%(rég?g CPﬂ?floé RatEomed 3 vaipraga portion 34b, and bus

35b connecting those units with each other.

The receiving portion 31b serves as a means or unit for receiving a
full-header packet or header-compressed packet sent from the sender node
3a through a communication line and outputting the packet to the control

15  portion 33b. The transmitting portion 32b serves as a means for
transmitting the data output from the control portion 33b through a
communication line to the reception-data terminal 2.
The control portion 33b includes a CPU or other processing unit
and functions as means for controlling each unit of the receiver node 3b by
20 executing a program stored in the storage portion 34b. More specifically,
the control portion 33b has a function of converting a full-header packet or
header-compressed packet received via the receiving portion 31b from the
sender node 3a into an IP packet and transmitting it to the receiver data
terminal 2 through the transmitting portion 32b.  In addition, the control
25  portion 33b of the present embodiment is capable of detecting the loss of a
packet occurred on the communication path from thesender node 3a to the

receiver node 3b. When the packet loss is detected, the control portion




termnal 2 through the transmtting portion 321. In addition, the cpntAUgl00,
25 portion 33b of the present enbodinent is capable of detecting the | oss
of a packet occurred on the conmuni catbon path fromthe sender node 3a to
the receiver node 3b. Wien the packet |loss is detected, the control
portion 27 AUG 2004 19 33b is able to transmt a CONTEXT STATE to request
the transm ssion of a full-header packet to the sender node 3a. By the
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det ai | ed presepeimtémion dasesiihestquenes, i@0 {heestoed gy papiien B4 adehe
sender node 3a is configured simlarly to the foregoing relay apparatus on
t he ridcei s@mpressedmckets thatdravieobetm radedved duaingppantdrusl betwien sgader
node 3a icrl]gtlegt?gﬁ gf rae%%ic\l/cietn gio:lé)so ratnidort]hg’ 1r%c];§trion of the earliest full-header
packet after the loss. When receiving a full-header packet after the packet
loss, the relay apparatus on the receiver node 3b then decompresses the
compressed headers of the header-compressed packets stored in the storage
15 portion 34b based on the contents of the full header of the received full-
header packet so as to produce the original IP packets, and transmits the
produced IP packets to the receiver data terminal 2. The processing
carried out by the control portion 33b will be detailed in operation
described later.
20 The relay apparatus on the sender node 3a is configured similarly to
the foregoing relay apparatus on the receiver node 3b. In other words, the
relay apparatus on the sender node 3a includes a receiving portion 31b for
receiving IP packets from the sender data terminal 1, control portion 33a
for controiling each unit of this node 3a, storage portion 34a, and
25  transmitting portion 32a fortransmitting IP packets output from the control

portion 33a to the receiver node 3b. In the present embodiment, however,

the control portion 33a of the relay apparatus on this node 3a transmits, to




receiving | P packets fromthe sender data ternminal 1, control porgi-of
for cont?olligg each unit of this node 3a, storage portion 34a, ahgqgg%%ﬂ
transmtting portion 32a for transmttpog | P packets output fromthe
control portion 33a to the receiver node 3b. In the present enbodinent,
however, the control portion 33a of the relay apparatus on this node 3a
transmts, to 2 7 AUG 2004 20 the receiver node 3b, both of, at |east the
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full-hea packet, and transmts t header

node 3b. € | fHeCE reka i ' t he
Ry LD 1 et T @tanSRAES (Heofull HeaBerthiOketieihe 2RI 107  and

produces a full header in which length fields included in the RTP/UDP/IP
headers are replaced by pieces of 20 information including the CONTEXT ID
and |ink-seq. TAe:cofpeahtiopwt fien eddbodfigenf or s a ful | - header packet a

i ncluding both of the produced full header and an RTP payload in the IP
packd®, and sends the
Fig. 3 is a timing chart exemplifying an operation for the packet
transmitting method of the present embodiment.
As shown in the drawing, when receiving the first IP packeta from
the sender data terminal 1, the control portion 33a of the relay apparatus on
15 the sender node 3a converts the packet a into a full-header packet, and
trapnsmits the full-header packet to the receiver node 3b. To be more
specific, the control portion 33a writes the RTP/UDP/IP headers of the IP
packet into the storage portion 34a, and produces a full header in which
length fields included in the RTP/UDP/IP headers are replaced by pieces of
20 information including the CONTEXT ID and link_seq. The coatrol
portion 33a then forms a full-header packet a including both of the
produced full header and an RTP payload in the IP packet, and sends the
full-header packet to the receiver node 3b.
Then, when receiving an IP packet b from the sender data terminal

25 1, the control portion 33a converts the IP packet b into a header-

compressed packet, and transmits the header-compressed packet to the

receiver node 3b.  Practically, the control portion 33a writes the




full -header packet to the receiver node 3b. Then, when receiving an ;ﬁlﬁﬁ 200
packet h fromthe sender data termnal 25 1, the control portion ég
converts the I P packet b into a header2iconpressed packet, and transnits

t he header-conpressed packet to the receiver node 3b. Practically, the
control portion 33a wites the 2 7 AUG 2004 21 RTP/UDP/ I P headers of the IP
packet h into the storage portion 34a and also calculates difference

header s oR T BAE Beifersof B B bk iRisbing Yoralhubbdion datbiLop | p
ort1 on SakOrRUGITRETHEeatt Sl BelRet bt VAR R I Be Radisca S
orouuces L RUPASEHERRS & (REAP il BURE PR IRRARL b tetalo e
borti on 395 RIEFUBER BEAfss i {fRIHEpaReh sEIFUR thetlotrad Ryt ©
storagg peahi oNTRAA ORI h@bmaﬂe mntthegepgéeﬁmg&f ?%Fcﬁﬁ??é%ﬁ%ﬁe%ea[d[eén

di fference val ues between the value in't e Wi

RTP/ UDP/ | f a e d ' I ..el ds of
the RTP/ U%Pdlllﬁla? zsitél(eér Sédgféu![alri]’%dl)l I%Hggrcel?gf [)\qa sl%]g%’eﬁdjnettr igs@?%r gigehg%gri%fon 15

34a. The g@miprédsedopddi@n iﬁéﬁl(ﬂﬁ?%@i_ ueRETHdePS ahAlar RIE paibad oF
di fference values are equal to tThe fference values stored in“the storage

portion 3¢ IR patkdtsh, di fference val ues between the | P packet h and the IP
packet a). |If determined that both of the difference values are the sane,
It is unnecess®hyn} ohegaisceiving yntlPepadericfronmolle s8hdef dahetdlinifreience
values. 20 In that case, the control portion 33a produces a conpressed
headet0 ekcthedcomtrohpodiiéhFInweitesithe R TRAHDP/Hh fradarsaothded EP packet essed
packet b into the storage portion 34a. Further, the control portion 33a calculates
difference values between the value in the delta fields of the written
RTP/UDP/IP headers of the IP packet ¢ and the value in the delta fields of
the RTP/UDP/IP headers of the IP packet b stored in the storage portion
15 34a. The control portion 33a determines whether or not the calculated
difference values are equal to the difference values stored in the storage
portion 34a (that is, difference values between the IP packet b and the IP
packet a). If determined that both of the difference values are the same, it
is unnecessary to again notify the receiver node 3b of the difference values.
20 In that case, the control portion 33a produces a compressed header
excluding the difference values, andtransmits a header-compressed packet
¢ including the compressed header to the receiver node 3b.
On the other hand, when determined that the foregoing difference
values are not equal to the previous ones, it IS required to notify the
25  difference values newly calculated this time. Thus, under the operation of
the control portion 33a, a compressed header including the difference

values 1S produced, and a header-compressed packet that includes the




-c including the conpressed header to the receiver node 3b. On the other
hand, when determned that the foregoing difference values are not Epagb )
to the previous ones, it is required téZnotify the 25 difference val ues
newy calculated this tinme. Thus, under the operation of the control

portion 33a, a conpressed header including the difference values is
produced, and a header-conpressed packet that includes the 22 2 7 AUXR004
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packets, ‘and either a’header-conpressed pa rence val ues or a

headers: cofieresspeobafiked diffebonde dhffCbERER tidh@ val ues is sent to the
recei ver node 3b. In the case of an exanple shown in Fig. 3, a situation is

supposed, in VHegdaftdie whbl EeteBINLE IPs paeketsvgd o ragm ghﬁer{tefﬁimeihémde 3b
I mredi ately before receiving an | P packetg fromthe sender data term nal

1. In thiecenss, datee teeninall 1 pehé i endidal ic;mtbgiﬁgnﬂﬁrthaom pIRkef @nggni t s
the 15 I P packet g to be transmitted i mediately after the reception of the
CONTEXT SwATiEed est dof uhost i packeisk etndg eithet er hehider-coimpressddy patket
control portion 33a in the sender node 3a transmts packets h to 1 to the
recei ver Wibeddiicrescehealies- eapheadardcpmpressed packed wildioatt differenbe
transmtted i mrediately after the reception of the CONTEXT STATE, as a 20
ful | -lfeadedlupaisksegnt to the receiver node 3b.

In the case of an example shown in Fig. 3, a situation is supposed,
in which the CONTEXT STATE is received from the receiver node 3b
immediately before receiving an IP packetg from the sender data terminal
1. In this case, the control portion 33a in the sender node 3a transmits the

15 IP packet g to be transmitted immediately after the reception of the
CONTEXT_STATE, as a full-header packet g. After this, similarly, the
control portion 33a in the sender node 3a transmits packets h to | to the
receiver node 3b, as header-compressed packets, and a packet m to be
transmitted immediately after the reception of the CONTEXT STATE, as a

20  full-header packet.

On tbe other hand, when receiving the full-header packet a, the
control portion 33b in the receiver node 3b decompresses RTP/UDP/IP
headers from the full header contained in this packet. The control portion
33b then transmits the [P packet a with the decompressed RTP/UDP/IP

25 headers to the receiver data terminal 2 and stores those headers into the

storage portion 34b. Then, when receiving the next header-compressed

packet b, the control portion 33b refers to the contents of the RTP/UDP/IP




On the other hand, when receiving the full-header packet a, the contrplf AUG 2004
portion 33b in the recei ver node 3b deconpresses RTP/ UDP/IP headers from
the full header contained in this packéB. The control portion 33b then
transmts the I P packet a with the deconpressed RTP/UDP/IP 25 headers to

the receiver data termnal 2 and stores those headers into the storage
portion 34b. Then, when recei Vi ng t he next header-conpressed packet b,

53§4ng;[§}; adels' ot T BALRES o) WhiRf) FRNCERES B idiSidfhBR Pitidn B hor 11 on
orpy upel | S HEPubh this fﬁﬁ%{??ﬁ% E‘%ﬁ?@@?@ﬁ“@éggﬂr*e?ﬁ‘gfeﬁqﬁéoﬁ?ﬁ#gf}é@?ed
packet 12head’é}‘§ frb?ﬁ‘stﬁbtéorh eés@dpﬂt‘?ﬁ@ér i ttﬂé'%lﬁ%ﬁ%?'cgmfeﬁsé@ebz{c%?'bver

data term nal 5 Fig. 3eerrp|f|esa3|tuat|on|

header - coaﬁa@mﬁm@ﬂk@m p%ckéﬁlﬁ‘ﬂ'i‘ﬂié bﬁ@hlh@e%ttﬁsggga%f dﬁPéjf‘erﬁﬁda?Zl ost for

sone reason. In this case, control portion e receiver node 3b

recei ves the nefigheagem epleﬂayra%mﬁo@ﬁﬁk%éﬁ atn@dtﬁﬁédrgﬁrégsfe%f t! ost

one ¢, and recognlzes th di scontinuity between the ~seq of e packet

-d and t hattrafsni it doBokethd sedder ivide 34 ié Sost€6P90hd r@ﬁs@x‘?r Mg ihl%s%ont rol
portion 33b to detect the fact that the packet ¢ is lost. \Wen the oss of

t he packetheccoatrdétpation, 3Bbenctint redeivephiode 3B Iocdivapiiet SekhBe SENTEXT
STATE to the sender node 3a, and wites in order, into the storage

portion, Gdmpressel padnqirglsisrmnlsmactédatafterrtémelosedarmm; agdt tecogitiesy ahe
bet ween the packet | oss and the reception of 15 the earliest full-header
packet af dsconhauiiiysbetween the Brbingiobtheipgekdt, d andaiat of dhppescket! bpacket s
| to f are received between the_ occurrence of |oss of the packet ¢ and the
receptd on Thpsathrigrecogrigion pergris the consisd partiane? 3k tonsletentdbiefack that t hus
recei ved %re C(i(nsecuti vawlltt n.into.the storage portion 34b.
e packet ¢ 1s lost en the loss of the packet ¢ 1s detected, the control
portion 33b transmits the CONTEXT_STATE to the sender node 3a, and
writes in order, into the storage portion, 34b header-compressed packets
received during the interval between the packet loss and the reception of
15  the earliest full-header packet after the loss. In the example of Fig. 3,
header-compressed packets d to f are received between the occurrence of
loss of the packet ¢ and the reception of a full-header packet g. These
header-compressed packets thus received are consecutively written into the
storage portion 34b.
20 The control portion 33b then receives the full-header packet g sent
from the sender node 3a in response to the CONTEXT STATE. In the

present embodiment, the control portion 33b subtracts a difference value
A, in order, from the values in the delta fields of the full-header packet g,
thereby being able to decompress the delta fields of headers of the packets
25 dto f Practically, as shown in Fig. 3, the subtraction of the difference

value A from the values in the delta fields of the full-header packetg

leads to decompressing contents in the delta fields of the packet f, then the




20 The control portion 33b then receives the full-header packet g genpUg 2004
fromthe sender node 3a in response to the CONTEXT- STATE. In the present
enbodi ment, the control portion 33b suBtracts a difference value A in
order, fromthe values in the delta fields of the full-header packet g,

t hereby being able to deconpress the delta fields of headers of the packets
25 d to f. Practically, as showmn in Fig. 3, the subtraction of the

difference , value A om.the values in the delta fields of the full-header
kot o SPRlACHSs Hrbe i Vabit oAt Ham thdeserpessed Haluss THihoas kot
f, then the 2 04 24 subtraction of the difference value A fromthe
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described in detail.

Firstly, when detecting the loss of the packet ¢ by means of the lack
of the number represented by the link_seq, the control portion 33b sets [0]
to a register N (Step S1). Then the control portion 33b increments the

15  value of the register N by [1] (Step S3).

Then, in the RTP/UDP/IP headers that should be decompressed
based on the header-compressed packet d, the control portion 33b
decompresses the static fields, length values, UDP checksum, and marker
bit. In detail, the control portion 33b reads the RTP/UDP/IP headers of

20  the IP packet b stored in the storage portion 34b, and makes the static fields
of the RTP/UDP/IP headers of the packet d so as to be identical to the static
fields included in the headers thus read. The UDP checksum and marker
bit are included in a compressed header, as illustrated in Fig. 11B. The
length values can be obtained by means of the information from the lower

25 layers. In the case that any new difference value is included in the packet

d (i.e., in the case that any data enclosed by the dotted line in Fig. 11B is

included), the control portion 33b extracts the difference value (Step S4).




bit. In detail, the control portion 33b reads the RTP/UDP/I P headﬁrf \ﬁ ﬁo
the I P packet Ii stored in the storage portion 34b, and nakes thets %\ %,ﬁ
fields of the RTP/UDP/IP headers of the packet 1 so as to be identical to
the static fields included in the headers thus read. The UDP checksum and
marker bit are included in a conpressed header, as illustrated in Fig.
11B. The Ilength values can be obtai ned by neans of the information from
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of the RTP header are witten in the storage rtion (1), A
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difference values for the ID, sequence nunber and tinestanp are estimated
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added to the packet™ or, differen ues store

o t . ! o
Ponder - coml osnagse Pibscrt Afifefeaiteal IREs fo1 P ID, MdrhchEERRiinte} and
full -heaMeﬁmthare dssinh Sedl ¥eBmp Ry IREAGEES AW &ifféﬂaﬁcg@meﬁgfgﬁg% are

repeated simlarly. 16 Wen receiving the full-header packet g, t ontrol
por tiidn Jabw differescd allRTR WBBEH Rohhedrickepldl Arnagtfbraibeavlves isader

contained therein as IP (4) into the storage portion 34b (Step S6). Then,
on the inthe storage portion 34b at present if not contained.

Further, with respect to the header-compressed packets ¢ and f (n=2
to 3) received until the full-header packet g is received, the processing in
the Steps S2 to S5 are repeated similarly.

15 When receiving the full-header packet g, the control portion 33b
stores the RTP/UDP/IP headers obtained from a full header contained
therein as IP (4) into the storage portion 34b (Step S6). Then, on the
assumption that the difference values unchanged between the packetf and
the full-header packet g, the control portion 33b determines the difference

20 values of ID, SN and TS between the packet f and the full-header packet g;
that is, AIP_ID(4), ARTP_SN(4), and ARTP_TS(4) as the difference
values of ID, SN and TS between the packets ¢ and f; that is, AIP_ID(3),

A RTP_SN(3), and A RTP_TS(3) (Step S7). In other words, the
operations of

25 ATP_ID(4) = AIP_ID(3),

ARTP_SN(4) = ARTP_SN(3), and




assunption that the difference val ues unchanged between the packet{ @gg
the full-header packet g, the control portion 33b determ nes the 1q 9 e%ce
20 values of IDI SN and TS between theZfiacket f and the full-header packet
g; that is, AIP-11)(4), A RTP-SN(4), and A RTP-TS(4) as the difference
values of ID, SN and TS between the packets t and f; that is, AIP-11)(3),
,A RTP-SN(3), and A RTP-TS(3) (Step S7). In other words, the. operations of

25 AIP_ID (4) = I )_2 P, 4) = A RTP_SN(3), and 2 7 AUG 2004
26 A RTP_TS(4) Déf%—ﬂ%@ Qﬁ%ﬁ out. Then, the control portion 33b
subtracts, fromeach value in the delta fields of the full-header packet
g, each off% HRITIEY Qs regarded as the 5 difference val ues between the

packets f and g the f 0| n 4), A RTP_SN(4), and_ A
RTP_TS(4), thusTHSBDH’&‘é%%'ifH 98 oBb %W{% S, EPHK ERGIE VA fbrnth*%d%%ket f
(Step S8) - [ espec the acket f | ues, in the
I D of t hef‘Fw%éﬁrg‘f aét’cliﬁ ﬁﬁ%H%re Rg{e Lﬁﬂ?i]r 0? Heﬁ i5gat 3T of the
RTP header,..whi ch_a th tar ts t 10 decorrpres ed, ar ed by
p(3) 3 p_HiSEeteRES ke 5 PROPTRERIIE, Iroceatorv B PO LN
respect to ﬁ;cket val ues, in the ID of the |IP header and the sequence
nunber ( SK) rPcLSNgf’ést@% OrBI oIS (o, thup deeempressengxpententsi imy the
IP(4).1P_ILD, 1P(4) P_SN, and_ 1P(4).RTP_TS, respectively. The contents of
the delt ad‘FthalftEid&fOft He packel f (3B S8n Monmcpa@fmibu Wighcsspedtato on
shown beI é IP_ID = IP(4} IPID- AIP 5
e packet’f, values in the 1D of the IP headér and the sequence number
(SN) and timestamp (TS) of the RTP header, which are the targets to be
10  decompressed, are expressed by IP(3).IP_ID, IP(3).RTP_SN, and
IP(3).RTP_TS, respectively, while with respect to packet g, values in the ID
of the IP header and the sequence number (SN) and timestamp (TS) of the
RTP header are expressed by IP(4).IP_ID, IP(4).RTP_SN, and
IP(4).RTP_TS, respectively. The contents of the delta fields of the packet
15 fcan be decompressed by calculation shown below.
IP(3).IP_ID = IP(4).IP_ID - AIP_ID(4)
[P(3).RTP_SN = IP(4).RTR_SN — ARTP_SN(4)
IP(3).RTP_TS = IP(4).RTR TS - ARTP_TS(4)
After the RTP/UDP/IP headers of the packet f have been
20 decompressed, the control portion 33b proceeds to determine if the
decompressed results are correct or not, using the UDP checksum included
in the packet f (Step S9). When the determination is that the
decompressed results are correct, the value of the register N is decremented

by [1] (Step S10). Then, the packets ¢ and d are also subjected to the

25 same processing as in the Steps S8 and S9.

On the other hand, when it is determined in the Step SO that the




|P(3). RTP_SN = IP(4). RTR_SN - A RTP_SN(4) IP(3).RTP_TS = IP(4).RTR TS -- A
RTP_TS(4) After the RTP/UDP/IP headers of the packet f have been 2@7 AUS 2004
deconpressed, the control portion 33b Bffoceeds to deternmine if t he
deconpressed results are correct or not, using the UDP checksum incl uded

in the packet f (Step S9). Wien the determnation is that the deconpressed
results are correct, the value of the register Nis decrenented by [1]
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transmts in sequence each of t npress £6t he

recei ver d@ﬁ?lé@ﬂm nakcerdif I}hﬂle gﬁ%{‘ss& [Sﬁa%eé&gtt?gets V\g’oer of the RTP

header i ncl d in each pac I n co rast, pac ch were not

deconpr essed coIﬂd@éB}epSﬂldltB@@bﬁﬁfbl o?bn%ncmfﬁrﬁ%&its)@n%ﬁéghéﬂbef eachie
present enbodi ment operates in this way. As described abov I n the packet

t ransni t t Dhtherpabloetsafecolnepresses eoireetiiyodi tienteceheadéitacermigsisednnaeket s
received after the 15 occurrence of |oss of a packet are stored, and their

headers apulatealothy segeenannumbdarasi thoRTMhdcadat éntludet @ st pfaktkbt header
packeito In contrast, packets which were not decompressed correctly are discarded.
The communication system of the present embodiment operates in
this way.
As described above, in the packet transmitting method of the
present embodiment, header-compressed packets received after the
15 occurrence of loss of a packet are stored, and their headers are
decompressed on the basis of the contents of a next full-header packet
received after the loss. In contrast, in the case of each conventional
method described before, there was a problem in which some packets
received during the interval between the occurrence of a packet loss and the
20 reception of the earliest full-header packet after the loss should had been
discarded, even if those packets were properly received. The present
embodiment improves this point such that some packets received during
such an interval can be utilized effectively. Compared to the related art of

the present invention, the influence of the packet loss on data replay or the

25 like at the receiver data terminal can be lessened.

A-3: Variation of first embodiment




received after the loss. In contrast, in the case of each conventiopaluszm&
met hod described before, there was a problemin which some packets X A !
received during the interval between tB& occurrence of a packet |oss and
the 20 reception of the earliest full-header packet after the |oss should
had been discarded, even if those packets were properly received. The
present enbodi nent inproves this point such that sone packets received
during such an interval can be utilized effectively. Conpared to the
related art of the present invention, the influence of the packet |oss on
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deconpresSion iS not imted to suc constructl or exanp

static fi RIPYUIDPIIPOBLaASEKSE The rplqacggv {%?ecéi‘%@r%f%%Eiﬁeofbls%h@);:ﬁggt ents

of the full-header packet g that w recei ved nost ear 5A

and 5B copatkdtute a Howehal t thehodédiempressaier Al | @it dimifekelo daggPyessi on
in the present variation. This flowhart is the sane as that shown in

Figs. 4A eomstéictéoueptForfmtanipie, the atdtic fietdgst oiowapicirasiab iaghbshoul d
be deconpressed are deconpressed based on the contents of the full-header

packet g decwinpeessed ait the packtents b the felddmadesspackdtiemabat onily be
different configurations fromFigs. 4A and 4B wll be described below In
t he fiG stragebeed meast earlp plogs and Sheonstitute a flawehBt efhoSding an
operation of packet decompression in the present variation.  This
flowchart is the same as that shown in Figs. 4A and 4B except that the
static fields of each packet which should be decompressed are
decompressed based on the contents of the full-header packet g received
15  after packets to be decompreséed. Hence, only different configurations
from Figs. 4A and 4B will be described below.

In the first embodiment, the processing is performed in the Step S4
such that information about the static fields of the header-compressed
packets received after the packet loss are decompressed using the static

20 fields of the RTP/UDP/IP headers of the IP packets b already received and
stored in the storage portion 34b. However, in the present variation, the
static fields are not decompressed in Step S4°. In other words, only the
length values, UDP checksum, and marker bit M are decompressed.
Therefore, in the next Step S5, those stored into the storage portion 34b as

256 an IP(N) are packets each having both of RTP/UDP/IP headers with the

static fields and deltas fields excluded, and an RTP payload of the header-

compressed packet received this time.




such that information about the static fields of the header-conpressed
packets received after the packet |oss are deconpressed using the §tjaklJicl)®0
fields of the RTP/UDP/I P headers of tH& | P packets h already received and
stored in the storage portion 34b. However, in the present variation, the
static fields are not deconpressed in Step S4'. In other words, only the

| engt h val ues, UDP checksum and nmarker bit M are deconpressed. Therefore,
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supposi ng that the above-nentioned process 1s explal'ne usi ng

si tuat i orF@s exBftilel BuppBsink Qﬁaﬁmhéxﬁiﬁi}eﬁméﬂlﬁoﬁéﬁliﬁﬂbéssoﬁs Sé@plagned | €l ds
of the packet f are deconpressed on the assunption that the static fields

of the pagief the Jitmativm aaghoiwh RPN asasn eRagmpief thdheohtets Eangric10
packet g received i mediately after the packet f so, the contents of

static fifetlds off thdn@apkek€tare, devoen pexssegireas skel assumipeicas shatpthostdthat t he
static fields of the packet t are the sane in contents as those of the
packet f fieldasofdtheoppeketsEdre Ahs caimme tihicontenisags thosecvénhedhill-heatder UDP
checksumis used to_ 15 determ ne whether the deconpression is nmade
corr dét | ypaskeh@ req@ived timemeghaticdy aftgnithe pasketbbenAdsn,r dt conthadsnpl essed
are sent to_t?e recej ver _
static fields of the packet ¢ are decompressed on the assumption that the
static fields of the packet ¢ are the same in contents as those of the packet f
thus decompressed.
Also in this variation, eventually, the UDP checksum is used to
15 determine whether the decompression is made correctly or not. Only the
packets which have been correctly decompressed are sent to the receiver
data terminal. Accordingly, the present variation is able to provide the

identical advantage to that of the first embodiment.
20 B: Second embodiment
B-1: Configuration of second embodiment
In each embodiment described above, by the receiver node 3b of the

25 network 3, header-compressed packets received after the occurrence of a

packet loss are kept, and the kept header-compressed packets are

decompressed in contents on the basis of the contents of a full-header




data termnal. Accordingly, the present variation is able to provide the

i dentical advantage to that of the first enbodiment. 20 B: Second 7 7 AUG 2004
enbodi nent B-1: Configuration of secon8Oenbodi nent In each enbodi nent
descri bed above, by the receiver node 3b of the 25 network 3,
header - conpressed packets received after the occurrence of a packet |oss
are kept, and the kept header-conpressed packets are deconpressed in

Cocetved BROA® FRETLEd vantl (€ BaERER 850, JH e T BhEle MBI BIEE, (e
the 1ol 1< ARAPE B8 dectindtiss b Iy Fa ﬁfﬁéﬁégﬁ”ﬁer‘%@@gﬁﬁhﬁaﬂbﬂe@ﬁ“ 3
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t he kept er - conpresse ets are no [onge

The presepifgpgiiadi ffﬂmhehﬁéﬁbﬁékéto f&a%%eg%’?ﬁhnﬂ}ﬁmﬁrﬁﬁd WHi§ mkdngb! e

to solve of the problem 10 In th pr esent e comuni cation

system aghargf hh@%lfﬂe?&lé@bﬁmeaﬁp@hﬂig&?&h@fb ‘id"@aﬁ@éﬁjﬁr r@B‘]’cﬂn?’ﬁ} ¥Kich
recei ver node 3b are identical to thosé shown in Figs. 1 and 2. However,

there is thedkéftchentee-comptegsed puckeackes Ao Jongef comettly @amiﬁprm@a. 3a to
the receiver node 3b between the foregoing enbodi nent and the present

enmbodi menThe igreseritSe mpedimienalrelates to aipadket eglaiying anbtitbdredtichfisldblbeader
packets and header- conpressed packets are sent, while in the present
enbodi nento, sdluklofithageoblgracket s with difference val ues added in a
Pendel corpr oscktitlyagesest embodiment, the communication Syster, b well a8
the relay apparatuses on the sender node 3a and receiver node 3b are
identical to those shown in Figs. 1 and 2. However, there is a difference
in types of packets sent from the sender node 3a to the receiver node 3b
between the foregoing embodiment and the present embodiment. More
15  specifically, in the foregoing embodiment, full-header packets and header-
compressed packets are sent, while in the present embodiment, fullheader
packets with difference values added in a particular case are also sent, in
addition to full-header packets and headercompressed packets.
Practically, in cases that an IP packet received from the sender data
20 terminal 1 should be transmitted as a full-header packet, and that difference
values between the delta fields of the IP packet and those of the previous [P
packet received immediately before the IP packet are different from
difference the values stored in the storage portion 34a (i.e., the difference
values are changed), the sender node 3a transmits a full-header packet

25 including the new difference values to the receiver node 3b.

Fig. 6A pictorially shows the contents of a full-header packet with

difference values. As shown by the dotted line therein, if any of the delta




Practically, in cases that an |IP packet received fromthe sender da&almzw
termnal | should be transmtted as a full-header packet, and that !
difference values between the delta f8&l ds of the | P packet and those of
the previous |IP packet received imediately before the I P packet are
different from difference the values stored in the storage portion 34a
(i.e., the difference values are changed), the sender node 3a transmts a
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packet is 5 madé& by~inserting the k_seq |nto the length

fi el d of made Glnéé!?Bn C@NMTO[E amdhniaaﬁ iﬁt@ the 1Eh th §Mlds lof
addition, as ovvn in"Figs. 6B and ©C, the full-header pac et wth the

di fferenckp \a@HUEH)Pllm’ddﬁe Wﬁbkﬁgﬁs Svith laatdhingfaSn\AEig 64)! e AddifibK]-asD and
link_seq. Each flag shows et her each delta field 1s subJ ected to change

to a 10 shdwariar€igsy6Buand B, thediubl-beadérepackedivi fthritbadéeffemnee falues he
sequence nunmber of the RTP header is changed, the new difference value A
RTP_SN i sirdades tftagshe,h€adnd, I @s stadivasbyhea r(éObbTEXdFIInD]eandw liilky.seqA, and
"1" is set in the flag S V\hen a difference value for the ID of the IP
header i sEaﬁlanﬂég shons neihether eaehcdelal fieldaie subjeeteddtie chamgenhéo 15
header, and _"1" is set in the fla Al so, when a difference value for the
ti neskoanpdlfferpnée YAG e adi@r @)@ar@ﬁgfhg’é@pn ardiftesange riadue fog thasequanceTp Ts

Is added to the header, _and "1" is set in the flag T. Wen
number of the RTP header is changed, the new dlfference value A

RTP_SN is added to the header, as shown by the dotted line in Fig. 6A, and
“1” is set in the flag S. When a difference value for the ID of the [P
header is changed, the new difference value AIP _ID is added to the
15 header, and “1” is set in the flag I. Also, when a difference value for the
timestamp of the RTP header is changed, the new difference value A
RTP_TS is added to the header, and “1” is set in the flag T. When
receiving a full-header packet into which the difference values are added,
the receiver node 3b examines the flags to detect any change of the delta
20 fields (IP ID, sequence number, and timestamp). This operation enables
the node 3b to obtain a new difference value between the full-header packet

and its previous packet.

B-2: Operation of second embodiment
25
Referring to Fig. 7, an operation of the present embodiment will

now be described. Like the first embodiment, a case is exemplified where




receiving a full-header packet into which the difference val ues are added,

the receiver node 3b examines the flags to detect any change of the délq &5 2004
20 fields (IP ID, sequence nunber, and3Zimestanp). This operation enables

the node 3b to obtain a new difference val ue between the full-header packet
and its previous packet. B-2: Operation of second enbodi nent 25 Referring

to Fig. 7, an operation of the present enbodinent will now be descri bed.

s tr ansm B LR paBofifE U BEEB AL s8R B BeckeCoRRaREta ”:de
full-head | A <
rocei vor iaet S heddbr BRIRESR FApTRE 5 REehIRg e CONTRXT, ST "9

are recei the récdly 1e sender node 3a. The control portion 33a of
t he node aﬁéeﬁ%g étiog{teﬁgegecz’tﬂgi ver node 3b the first |IP packet a as a

full -header paciepaciedid a ﬁ)ef'génttf?oh{‘%@%é%&ﬁ'%%@rﬁq%ﬁeﬁ%&?ﬁv’% i

header - conpr essed” packets. = These operations are 1dentlca ose

descrigedoiderthiethd k6hd@RO8E BN The EQntrBEYoRi6n FBal bEEhd &1%@1\--:_@1'h §t9%%s

explained in detail. 10 In Fig. 7, a situation is given in whic
control pgythore&deepinddee3bspedfitstnRpadRet 8GRI Yefull-headENpaHeSTahldE from
the receiver nod 3b, immediately before receiving an | P packet g fromthe

sender dasendsetoniheahodd 3bl ther HS packetsttoahlie aebeadéwoonipressshpacketgorti on
33a transnits to the receiver node 3b an I P packet g received fromthe
sender daTheseoperaiions afe iderddiadttel thosttdascribedi i the fhet EANRKKIMSTATE, as
a full-header packet with no difference value or with difference val ues.
Pract i cal S0 greycetuemdtted drem bangexplaibBeddn detid. control portion 33a wites
the RTP/UDP/ I P headers of the | . ) i
10 In Fig. 7, a situation is given in which the control portion 33a of the
sender node 3a receives the CONTEXT STATE from the receiver nod 3b,
immediately before receiving an IP packet g from the sender data terminal
1. In response to the reception, the control portion 33a transmits to the
recerver node 3b an IP packet g received from the sender data terminal 1
15 immediately after receiving the CONTEXT STATE, as a full-header
packet with no difference value or with difference values. Practical
procedures are as follows.
First, the control portion 33a writes the RTP/UDP/IP headers of the
IP packet g received this time into the storage portion 34a. And the
20 control portion 33a obtains the difference values between the values
included in the delta fields of the RTP/UDP/IP headers and those of
RTP/UDP/IP headers stored in the storage portion 34a (the headers of the
IP packet f). The control portion 33a then determines if or not the
obtained difference values equal those stored in the storage portion 34a.
25  When the obtained difference values are equal to those stored ones, it is not

required to notify the receiver node 3b of the difference values obtained

this time, because they have already been given the node 3b.  Accordingly,




| P packet g received this tinme into the storage portion 34a. And the 20
control portion 33a obtains the difference values between the val ues 9 17 AUG 2004
included in the delta fields of the R} UDP/|I P headers and those of

RTP/ UDP/ | P headers stored in the storage portion 34a (the headers of the

| P packet f). The control portion 33a then determnes if or not the

obt ai ned difference val ues equal those stored in the storage portion 34a.
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seq. The gaRknife RQ-hedfespack inéﬁﬂﬁﬁ%ﬁiﬁhftﬁhl roRieed RArkehdér hnal udi ng

both the produced full header an 5 an P payl oad of the |IP packet g to

the regcei MpRTIOPSy Fad oMtHeOIR pasket Yhethd iveddrehd@si 38l fference values are
unequal to those stored ones, the control portion 33a sends a full-header

packet with tha dohi@sgnadenathesobaindie diffeedve vabeks Abe mgedialt té he
difference values obtained this tine is notified to the node 3b. This

oper at i orthose sberetDonss| thieneshntrol gettioh 33a SendowasfullFheadenpaokeporith on 33a
replaces the lengths witten in the RTP/UDP/IP headers of the |IP packet ¢
wi t h dat aheidiffardnog vahsesCoNIIRXTedddvet inoklesHy, scathitahy differenoeiviaduesit e t he
exi stence of the new difference_val ues of the corresponding delta

fiel ds(refpinesl ghig tegg. isTwetdisd rtol thipornedsm 3¥3a Thesn qpesatieascanfbel 15
header includjng any new difference values (correspondi ngaht 0 any section

showlOpy a¥pdaisd da detad] jas dplfowesn) | Taed coaHE@d poEien | P3ndepkacepatiet ¢
lengths written in the RTP/UDP/IP headers of the IP packet g with data

including the CONTEXT ID, link seq, and any flag to indicate the
existence of the new difference values of the corresponding delta
fields(refer to Fig. 6C). The control portion 33a then produces a full

15  header including any new difference values (corresponding to any section
shown by the dotted line in Fig. 6A), and sends the full-header packet g
including the produced full header and an RTP payload of the IP packetg
to the receiver node 3b. Fig. 7 shows an example in which there is a
change in difference values between the delta fields of both IP packets {

20 and g, and the IP packet g is transmitted as a full-header packet g including
difference values.

For the case receiving [P packets h to n in succession from the
sender data terminal 1, processing is repeated similarly to the above. That
is, either header-compressed packets or full-header packets, with no

25 difference value or with difference values, are appropriately sent from the
sender node 3a to the receiver node 3b.

When the control portion 33b of the receiver node 3b receives




I ncludi ng the produced full header and an RTP payload of the IP packeta t[‘f)
the receiver node 3b. Fig. 7 shows an exanple in which there is a Thé @éﬂd
in difference val ues between the deltad4ields of both | P packets f 20 and
g, and the IP packet g is transmtted as a full-header packet g including
di fference values. For the case receiving |IP packets h to n in succession
fromthe sender data termnal 1, processing is repeated simlarly to the

aPOve: o oickers frdint PR sDRACCHOARTIE SR0RAAREECHEOPE, (1Y LoRBRTBoRASI S o

with no ence value or w erence val ués, are ely

sent fro HRd&/g3a2 to the receiver node 3b. Wien the control
portion %%B?Petﬁﬁggrg%geﬁver "node 3b receives 2 7 AUG 2004 34 packets from

the sender NodCFH&IASwHRTCIALPAMPMECirdtRIFHAL! pREkEH 8RenPiPoRPERAL €S as

follows. Firstly, en receiving the er packet a sent from

the sendgmdepdfoedd,"ehe WointRdl PortibRN3 B hearddtacinFoi MbioMBIdh aUgheas the
5 CONTEXT ID and link _seq, fromthe full header of the paCket a, and wites

the i or@@NTEXT! IDtaved ik 2@, HPoid ohe 3l heddet iciheiid Ypalchket acaiid ol
portion 33b replacés those pi'eces of information in the full header wth

| engt hs obtisendtie§ imfiortdatidmvnto |thgesthragadporivanB4iss eAdditionalR/ URe/ | P
headers of the packet a. The control portion 33b then wites 10 the

RTP/ UDP/ | ¢drtsaldporiom33bt teplacesr ipseqpiccen of dabormationriastienfiel cleedder t he
previously stored the CONTEXT ID and |ink_seq, and sends an |IP packet a
with the With/ Uepgits rddaiedd tfgomhetheedeesr lalears, tandn de¢compragses, thaen
recei vi ngBt he header-conpressed packet h fromthe receiver node 3a, the

control pRFPIGREIER headersof e packetrancdhesomdeol pertionc Bdbdhenrwriies
headelro- Cotﬂgrﬁf'?ﬂ D[i?/% Ei}eageirsn}notottrﬁee sst;[)gg%ggox%?orﬁ |391g i%4gérrespondence to
the previously stored the CONTEXT _ID and link_seq, and sends an IP
packet a with the RTP/UDP/IP headers to the receiver data terminal 2.
Then, when receiving the header-compressed packet b from the
receiver node 3a, the control portion 33b writes the difference values
15 included in the header-compressed packet b into the storage portion 34b.
The control portion 33b searches the same CONTEXT _ID as that included
in a compressed header of the packet b from the storage portion 34b, and
reads RTP/UDP/IP headers (in this case, the RTP/UDP/IP headers of the
packet a) corresponding to the searched CONTEXT ID. The control
20  portion 33b then produces RTP/UDP/IP headers and sets them in the delta
fields of the read RTP/UDP/IP headers, the thus-produced RTP/UDP/IP
headers including the delta fields to which the difference values obtained
this time are added and the static fields of the RTP/UDP/IP headers of the
IP packet a. Then, the control portion 33b updates the RTP/UDP/IP
25  headers of the IP packet a already stored in the storage portion 34b into the
RTP/UDP/IP headers newly obtained this time, and sends an IP packet b
with the updated RTP/UDP/IP headers to the receiver data terminal 2.




The control portion 33b searches the same CONTEXT ID as that included in a
conpressed header of the packet h fromthe storage portion 34b, andi, L(ﬁggi%m‘
RTP/ UDP/ | P headers (in this case, the ¥P/UDP/IP headers of the packet a)
corresponding to the searched CONTEXT-1D. The control 20 portion 33b then
produces RTP/UDP/| P headers and sets themin the delta fields of the read
RTP/ UDP/ | P headers, the thus-produced RTP/UDP/I P headers including the
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delivered fromthe sender node 3a Oor sSone reaso hus t he
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header - conpressed packet ¢ due to discontinuity between the I'i nk_seq of

t he headegomprasedspatkeadket Reéfatthg bathefflowehaaasiywa oiPF s eBlA pasdet b.

Referring to the flowhart shown in Figs. 8A and $B, an operation carried
out by th§Bcantopdrationt cariedBbut byr depomsteol pottien 3Bkt ar réspomst fohthepacket
loss will be now described. The control portion 33b first sets (0] to a
regi ster det¢Stien cd2hg, packdt 1d3 wdil bemowsiestribhd. | at est packet received
after the loss (that is, the next fpacket to the | ost packet) is a
header - conpr esskle gaokmstl portiga 33istfest sei3)[0] thra registeage (StepnbZ2l ) #Hid). 7, a
packet received i mediately after the packet. |oss is a header-conpressed
packel® d, dejermmgesyéf dhei ladgstopacket sesivedripdterctlin dess (Hhati bn thgbnexkn
d th tatic fields, | t h I ,  UDP
econpr esséac et {6 the (’iolstcpaclzlget) 1 a hea E:r-cvoz%n;lJJfaesssraéJ packet or not (Step S22).
In the case shown in Fig.7, a packet received immediately after the packet
loss is a header-compressed packet d, so the determination is “YES.” The
control portion 33b then decompresses the static fields, length values, UDP
15 checksum, and marker bit (M bit) of this packet-compressed packet d, and
memorizes both the decompressed information and an RTP payload of the
header-compressed packet d received this time into the storage portion 34b
as data [P (n) (Step S23). In other words, fields other than the delta fields
in the IP packet d are memorized in the storage portion 34b as data IP(0).
20 This decompression may be performed in the similar manner to that in the
first embodiment.
The control portion 33b then memorizes the present difference
values in the different-constant fields, that is, a difference value of ID of the
IP header, a difference value of the sequence number of the RTP header,

25 and a difference value of timestamp of the RTP header into the storage
pottion 34b, as A IP_ID(n), A RTP_SN(n), and A RTP_TS(n)

(hereinafter, generalized as “ A (n)”), respectively (Step S24). If the




15 checksum and marker bit (Mbit) of this packet-conpressed packet d, anﬂ.
merori zes both the deconpressed information and an RTP payl oad of th#&7 AUS 200
header - conpressed packet d received th$8 tine into the storage portion 34b
as data I[P (n) (Step S23). In other words, fields other than the delta
fields in the IP packet d are nenorized in the storage portion 34b as data
| P(0). 20 This deconpression nay be perforned in the simlar manner to that

in the fj e i : c I ' ] | ze
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of the RT i ti 4b. I R1d :
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received this tinme has new difference values, those hew ones pfovide the
presery dj RERaYiddyies, while if the header- conpressed packet received
this ti neﬂiIIfgl‘?e%o diaIYf eSlrJence val ues, difference values stored in the
storage porti onWifdn aécdibiig themeRt packet (Steﬁrﬁmﬁrthe dontidlfgsrenne38sl ues.
When rec;aI vdlrgg e’\trgfmgeg 152(: ffra:algal( Sée_pt Szgit;)[tle((g;)ntrol )porritﬂlmgr%b%b -

I ncr enment morem e ofallae $ ar S249) - o ey aieng
procedures of Steps S22 to S26 ar eg‘serfor rre£ !/\henq:)ecei ving the h%gdleg:]-
conpr esseprquecinees of Stepsl S22 #s S26r azuperfonned whepaeceianghhehbeatder-10
conpressed packets d to f, pieces of information shown in Fig. 9 (that is,
| P(n) andcompagysedr packetsed andthe &Soaarpsuorwitbn respect o the heddst- hand,

when receiving a full-header packet at Step S25, the determnation_ in the
fol | ol ngcampiesszd packstedl toud) piagesofhamfggmation shown in Fig. 9 (that is,

IP(n) and A(n)) are stored in the storage portion 34b.

On the other hand, when receiving a full-header packet at Step S25,
the determination in the following Step S22 becomes “NO,” thus being
forced to go to Step S27. Namely the control portion 33b produces

15  RTP/UDP/IP headers by replacing the CONTEXT ID, link seq, and others
included in the full header of the received full-header packetg with lengths,
and produces an IP packet that consists of the produced RTP/UDP/IP
headers and an RTP payload of the full-header packet received this time.
The obtained IP packet is then memorized in the storage portion 34b as

20 IP(3) (Step S27). As shown in Fig.9, the RTP/UDP/IP headers of the IP
packet (i.e., IP(3)) obtained from the full-header packet include values in
the delta fields (i.e., the ID, sequenc'e number and timestamp).

The control portion 33b then stores a difference value in each deita

field between the full-header packet and the header-compressed packet
25 received before the full-header packet into the storage portion 34b as  A(n).

In the example of Fig. 7, this storage can be explained as follows. The

control portion 33b determines if the full-header packetg received this time




forced to go to Step S27. Nanely the control portion 33b produces 15 :
RTP/ UDP/ | P headers by repl acing the CONTEXT ID, |ink _seq, and otherdl AUG 20%
included in the full header of the rec&/ved full-header packetg with

| engt hs, and produces an | P packet that consists of the produced

RTP/ UDP/ 1 P headers and an RTP payl oad of the full-header packet received
this time. The obtained |IP packet is then nenorized in the storage portion
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recei ved ore the packet 1ntd t e storage portion 34b as

A(n). In %&l‘? Wo ﬂéltE' Held antiNtife FiFEAGRECIRIRG SHPAGY 86rRP ih AhleOVS.

The cont 33b determnes if the full-header packetg received

this tg nEst%raY%eAPbm@ﬂ%4%7fdrrtﬁbuﬁﬁér aea didItig aed eee 1R Pito fhé sfcﬁ’fag@ S28) .
Those new dif ence values are illustrated by the dotted line in Fig. 6A

1T at 'eagértﬂﬂ??ﬂfb @€ A (ip) gaeg $29).i NE vdfErast, 18Whei fu PheAe& gthe
new di fference val ue for orresponding delta field and th d| fference
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contrast, stofed e {He |sttﬂﬁgd oR#sK 341 aré'oi‘?l%nﬂﬁtlzédlcdg#iﬁ Ay RWsthrhper ence
val ue, the difference value already stored in the storage portion 34b are

menori zed @ﬂf)é[pguﬂtgst 32t(g[@tgg3oport|on 34b, as A (3) (Step S30). 10
Accor di ng to the above eﬁo rati‘ons, “the information with respect to the
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but the packets d to g are mapped in the storage portion 34b, as shown 1n Fig. 9.
At this stage, the IP packet g mapped as IP (3) includes the delta fields, but
the IP packets d to f mapped as IP(0) to [P(2) do not include such delta
fields. Thus, the procedures to recover those delta fields are then carried
15  outin the following way.

Firstly, the control portion 33b decrements a value of theregister n
by “1” (Step S32). The control portion 33b then subtracts the difference
values obtained above from the values in the delta fields of the
RTP/UDP/IP headers decompressed from the full-header packet, thereby

20 decompressing the delta fields of the header-compressed packet received
immediately before the full-headerpacket (Step S33). In the example of
Fig. 7, the difference value in each delta field mapped as A(3) is
subtracted from each value in each delta field included in the IP(3) stored
in the contents of the full-header packet g, which decompresses the delta
25 fields of the header-compressed packet f. Practically, when taking values

of the ID, sequence number, and timestamp each included in the [P(3) as

IP(3).IP_ID, IP(3).RTP_SN, and IP(3).RTP_TS, respectively, values




the I P packets d to f mapped as IP(0) to IP(2) do not include such de,l,ml; 0
fields. Thus, the procedures to recover those delta fields are then ca P%ZP'“
15 out in the following way. Firstly, 88e control portion 33b decrenents a
value of the register n by "1" (Step S32). The control portion 33b then
subtracts the difference values obtained above fromthe values in the
delta fields of the RTP/UDP/IP headers deconpressed fromthe full-header
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10 control portion 33b then determines if the decompression has been done
correctly or not by using the UDP checksum included in the IP packet f
(Step S34). When determined that the correct determination was made,
the control portion 33b memorizes the IP packet f into the storage portion
34b (Step S35). Further, the control portion 33b repeats the similar
15  procedures shown in Step S32 to 8§35 so as to decompress the delta fields
of the remaining header-compressed packetse and d.
When the value of the register n becomes [0] at Step S31, it is
meant that the decompression of all the header-compressed packets that
have been memorized was completed. In this case, the IP packets
20  (including IP packets obtained from the fuli-header packet)that have been
memorized in the storage portion 34b so far are sent sequentially to the
receiver data terminal 2 in the order of the sequence number in the RTP
header.
In contrast, if it is determined that the decompression was not made
25  correctly, it 1s considered that header-compressed packets received prior to
the incorrectly decompressed packet will not also be decompressed

correctly. Accordingly, all IP packets remained to be decompressed are




(Step S34). Wien determ ned that the correct determ nation was nade, the
control portion 33b nenorizes the IP packet f into the storage porti grif ABAHG,
(Step S35). Further, the control portid8® 33b repeats the sinilar 15
procedures shown in Step S32 to S35 so as to deconpress the delta fields

of the remai ni ng header-conpressed packets e and d. Wen the value of the
regi ster n becones [0] at Step S31, it is neant that the deconpression of
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packet will not also resse correctly.

packets repRicReh QiPRrEREO R ESS ade adc@ea%??uﬂ%é’a% Oéldré% dR0wlcH g S36) ,

whi | st only | P packets that have been deconpressed ¢ ectly are sent to

the recei Heidetat@mipeésiedapacketSt Al B packétst WithPihes@iTfereibeUiaiBed ard he
operation is given as above. According to the present enbodi nent, for

changes i gdrlte dihidrefens @veh wakhediffdroacdivial @seane chahpes betweaddad [Po
full -header packets as well as header-conpressed packets, and the packets

wi th the padketrtenbe tvarisnesteal &s asferhl-hedder picket, aml en prieenous 1P qravkee

val ues are changed between an | P packet to be transmtted as a full-header
packet anthdadermoenprassed Ppacksitpt the heeaderercongeedbeds pdd&eto ,carmecttecei ver
node 3b is able to correctle/ 10 deconpress the contents of the

headel® coderarmpeessphicieantents of the header-compressed packet.

C: Third embodiment

In each of the foregoing embodiments, the sequential subtraction of
15 the difference values concerning a header-compressed packet received after
a packet loss from the values in the delta fields of a full-header packet
received most early after the packet loss enables the header-compressed
packets stored to be decompressed into IP packets. However, the
technique of decompressing header-compressed packets based on a full-
20 header packet received after the packet loss i1s not restricted to that
described in the foregoing embodiments. A thirdembodiment that will be
described herein relates to one example of such techmiques. In the
following explanation, only the configurations different from those in the
foregoing embodiments will now be described.
25 In the foregoing embodiments, in cases thatdifference values in the
delta fields of an IP packet are changed, the sender node 3a operates to

include the new difference values into the compressed header of a header-




C. Third enbodi ment I n each of the foregoing enbodi nents, the sequenti al
subtraction of 15 the difference val ues concerni ng a header-conpressgd AUS 200
packet received after a packet loss fré&inthe values in the delta fields of

a full-header packet received nost early after the packet |oss enables the
header - conpressed packets stored to be deconpressed into | P packets.

However, the technique of deconpressing header-conpressed packets based on
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enbodi nents, i n case ference values 1 n the el e[ds of an IP

packet ar&ghgg&&dcohﬁﬂgﬁ'&j@ﬁcmqe 3a operates to include the new
difference values 1ntd the conpressed header of a header 40 27AUXR004

conpr gssed packSpecifitaf9N WS recdivifg PceaaM IPTPAceiEWhichnsheald bt t he
di fference val ues, sonme’lower bits (héreinafter, teferred to as "LSBs

(least sdegibidsi & dadericolipredbedanitket! fran itht deaider idata yéadinal (hehe
conpressed header of a header-conpressed packet. 5 Specifically, when

recei vi ngsemdee rioalen3a Bo 5 differences kahlad betwemantheasahiaseimdae-detgpr essed
packet, fromthe sender data termnal 1, the sender node 3a conputes

di f f er enclieldsl ofshberedein tIPe packeteanidnthdre ol the [Pi packetofwhieh censain 1P
packet and those of the |IP packet (which was received just before the
certai n Iecpiskkeyust bedoredthencarhainsifopagketp stercdnindtdig. stomganportien fdade 3a
conpares the conputed difference values with the difference val ues stored
in thd stdpdgéhe |podey3af compams rheesempededifference values with the

difference values stored in the storage. If any of the difference value of

the delta fields is changed, the control portion 33a of the sender node 3a

extracts 1.SBs from the corresponding delta field of the IP packet received

this time. And the control portion 33a produces a compressed header

15 including both the LSBs and the corresponding flag in which“1” is set to

indicate the existence of the LSBs. Any of the flags S, T and I in Fig. 11B

may be used for this porpuse. The control portion 33a sends a header-

compressed packet with this compressed header to the receiver node 3b.

On the other hand, if the foregoing comparison reveals that the difference

20 values between the computed difference values and the difference values

stored in the storage are coincided with each other, the LSBs are not

included in the header-compressed packet decompressed from the IP packet
received this time.

The number of bis transmitted as the LSBs depends on the

25 characteristics of data to be transmitted and delta fields (of the ID,

| sequence number, and timestamp) and the like,and selected according to

those conditions. For instance, the upper bits which are not expected to




the delta fields is changed, the control portion 33a of the seddeAlintile 3a
extracts LSBs fromthe corresponding delta field of the I P packet received
this tine. And the control portion 33adproduces a conpressed header 15

i ncluding both the LSBs and the corresponding flag in which"1" is set to

i ndi cate the existence of the LSBs. Any of the flags S, Tand | in Fig. 11B
may be used for this porpuse. The control portion 33a sends a header-
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Referring to Fig. 10, an opetrati of the present enbodi nent w now be
expl ai nedsjnﬁgjﬁgﬁtthbed in the first enbodinent, the delta fields 5
include the 1D of the IP header and the sequence nunber and tinestanp of
the RTP header,Fiist, thbesenalee rgrieeBalrezeeasIfapadettsafrbiethk sehder idaea sake

of sinplification First, the sender node 3a receives |P packets fromthe
sender dateamihel hi naCoficu@entlyr wetit tlye wecdptidre, thecapde dn sehds nbelefita sends
the first 10 received IP packet a, as the full-header packet to the
recei Mer rewdive®b]P padket a, as the full-header packet to the receiver node 3b, and
then sends the packets b to { as header-compressed packets. In Fig. 10, it
is assumed that the CONTEXT_STATE is received from the receiver node
3b just before receiving an IP packet g. Hence, the sender node 3a sends
the IP packet g, as a full-header packet, to the receiver node 3b. As stated
15 above, among the compressed headers of the header-compressed packets,
only compressed headers of which the delta fields are changed in values
include the LSBs. In Fig.10, the case is depicted based on the condition in
which the header-compressed packets b, d and f include the LSBb, LSBd
and LSBf, respectively, while the header-compressed packet ¢ does not
20 include such LSBs.

On the other hand, the control portion 33b of the receiver node 3b
decompresses an IP packet a based on the full-header packet a first
received from the sender node 3a. The control portion 33b stores the
decompressed IP packet into the storage portion 34b, and then sends the [P

25 packet a to the receiver data terminal 2. The control portion 33b operates

to decompress the next received header-compressed packet b using the IP

packet 2. To be more specific, as shown in Fig.10, the delta fields of the




t hen sends the packets b to f as header-conpressed packets. In ELg. &0 It
I's assuned that the CONTEXT STATE is received fromthe receiver 4l z@b
just before receiving an | P packet g. f&nce, the sender node 3a sends the
| P packet g, as a full-header packet, to the receiver node 3b. As stated 15
above, anong the conpressed headers of the header-conpressed packets, only
conpressed headers of which the delta fields are changed in values include
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packet b using the 1P packet a. To no specific, as shown 1 n Fig.10,

the del t apbitédnl33Y stdies 2hé piddudeBAPpatRetPBCHRE theSitotLsk porfiba 341 age
portion 34b are read out. And the LSBa of the delta fields are replaced by

t he LSBb amd kendsiitito theaebenderdats oemmigssed packet h, so that the delta
fields of the header-conpressed packet b are deconpressed (refer to "OPl"

shown in Fig. 1) FightOctiret cade 5 iphrstiaded 33t her axdungstian th fdeckeadér-havi ng
those delta fields The control portion 33b stores the produced |IP packet h
into the eempaessegdopackst g4¢entafirdns éhdsseinder mdadee 3aeselosty ddat to tserme nal 2.
In Fig. 10, the case is illustrated on the assunption that the header-
corrprg)sse@aﬁa@kézef@r%ebﬁmgr seeeineds dydéhe nisgei vy inodeosb, dlbet costund
portion 33b of the receiver node 3b detects the loss of the header-
compressed packet ¢ by receiving the header-compressed packet d next to
the header-compressed packet b. In response to this detection, the control
portion 33b will send the CONTEXT_STATE to the sender node 3a.
15 After the loss of the packet c, the control portion 33b stores in
sequence the header-compressed packets d to f into the storage portion 34b,
until receiving the next full-header packetg. In practice, when a header-
compressed packet including the LSBs is received, the header-compressed
packet is stored in the storage portion 34b with the LSBs. When a header-
20 compressed packet including no LSBs is received, the header-compressed
packet that was received most lately before receiving the header-
compressed packet with no LSBs and includes the LSBs is selected, and the
LSBs are stored into the storage portion 34b with the header-compressed
packet with no LSBs. For example, in the case as shown in Fig.10, the

25 header-compressed packet ¢ does not have any LSBs. The LSBd of the

header-compressed packet d, which was received just before the packet e

and includes the LSBs, is handled as the LSBe and stored in the storage




10 reason, before being received by the receiver node 3b. The Contr?L7AUEZWL
portion 33b of the receiver node 3b detects the | oss of the header- y
conpressed packet sc by receiving the #@ader-conpressed packet | next to

t he header-conpressed packet b. In response to this detection, the control
portion 33b will send the CONTEXT STATE to the sender node 3a. 15 After the
| oss of the packet c¢, the control portion 33b stores in sequence the
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and includes the LSBs, is handl'ed as the LSBe and stored In e storage 2 7
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Then, when receiving the full-header packetg sen sender node 3a
I n respondesdribddie CONTEXT STATE that was transmitted to the sender node
3a beforehand, the control portion 33b perforns the 5 procedures to
deconpress the Restlgs timoopnirst pdripanKiBtsdecdmpressebithé fudishe adlarted in
the storage portion 34b, based on the contents of the full- header packet
g. Helki ngfinto ant R pdekeingy andistgrasr iheeH ipagket in thowtdrage desticb&db.

In Fig.10, the LSBs and the other bits are noted by “LSBg” and “G,”
respectively in the delta field of the IP packet g.
The control portion 33b then reads out the delta fields of the IP
packet g from the storage portion 34b, and decompresses the delta fields of
15 the header-compressed packet f. Namely, the LSBg of the delta fields of
the packet g is replaced by the LSBf of the corresponding deita field of the
header-compressed packet { stored in the storage portion 34b, thus the delta
fields of the packet f being decompressed (refer to "OP2" in Fig. 10). The
control portion 33b produces an IP packet f including both of the
20 decompressed delta fields and the static fields of the IP packet g. The
control portion 33b then determines that the decompression was correctly
done or not using the checksum included in the IP packetf.
When the IP packet f was decompressed correctly, this IP packet f
1s used to decompress the header-compressed packet . More specifically,
25  the control portion 33b replaces the LSBf of the delta fields of the IP
packet f with the LSBe (identical to LSBd in contents) of the header-

compressed packet e stored in the storage portion 34b, so that the delta




Firstly, the control portion 33b deconpresses the full-header packet 0 9
into an | P packet g, and stores the | P packet in the storage portidn 200
In Fig.10, the LSBs and the other bitsd4d4re noted by "LSBg" and "G "
respectively in the delta field of the I P packet g. The control portion 33b
then reads out the delta fields of the IP packet g fromthe storage
portion 34b, and deconpresses the delta fields of 15 the header-conpressed
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header - conpr ess packet e. re specitica he co
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(identical to LSBd in“contents) o r--conpresse

in the stpiaae PtdiedNiM4Re sbéraBapoftiish B, %OZMO&elééBﬁéla!s,déf_ @het he

header - conpressed packet _Q are deconpressed (refer to " In Fig.10).

In contr ahéaderhemphesse? ket dre UesoRfpressbnpr essed correctly, the
header - conpressed packet e is deconpressed using the IP packet g received

and deconpressedftes gofmpletibaadér tipmodedta fibkls iof, thehehdadeprdomprexsedi on
33b replaces the lower bit train LSBg of the delta fields of the |IP packet
g Wit t hpadksBee oor thes hasisi of) the comée itsaoie the dRppackstd opag kéie cenwbbred in
the stor aggﬁﬁ)%r gggnpr%igédg (t)0 ttﬂg tprg)plgctdiglntoaf zfull ?}Pd[.?ac?get tghe Practically, the

control portion 33b combines the decompressed delta fields with the static

fields of the IP packet f or g, producing the IP packet ¢. And the control

portion 33b determines if the decompression was carried out correctly or

15 not using the checksum includedin the header-compressed packet ¢.

The control portion 33b will continue performing the same
procedures on all the header-compressed packets received during the
interval between detecting the loss of the packet ¢ and receiving the full-
header packet g. On completing the processing on all the header-

20 compressed packets, the control portion 33b sends all correctly
decompressed IP packets to the receiver data terminal 2, in turn, in the
order of the sequence number included in each RTP header. However, IP
packets which have not been decompressed correctly are discarded.

Therefore, like the foregoing embodiments, there is the advantage

25 1identical to the foregoing embodiments, because header-compressed

packets received after a packet loss are consecutively decompressed based

on a full-header packet received most early after the packet loss. Further,




header - conpressed packet t are deconpressed. After conpletion of the Hdeipyg e
fields of the header-conpressed 10 packet _c¢ on the basis of the contents

of the IP packet f or g, the control gbrtion 33b proceeds to the

production of an |IP packet _e. Practically, the control portion 33b

conbi nes the deconpressed delta fields with the static fields of the IP
packet f or g, producing the IP packet _Q And the control portion 33b
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Cece ver " demptPssA pRFRE" tior IRRAREY Yo, JNEIE, SRRET o UBRTE Ak by
econpt s ATEE W s R RE ARKE Kl - icadlf HRRCRGT 1HEYTE, dfeE 8
cmbod meni ™ i Sy g Sq e A ThoaRadd SResEa) dalilE G BeULtg

| 0Sss are gefsmeridsy ¢he KAdRIRIoessREsba kednda fad |4 r k cei ved
nost early aftgr tShe packet Iossl.§ Fﬁrtﬁ@% 2“9Aué2§0§4?§s§ﬁiﬁne?§g géggnt

enbodi nenheadercesmpirdssedgsiket @whests SHoBRT betdecambiessale piicgosedheisi ng
either of a full-header packet received nost early after ~a packet |oss or
an | P packeidetecompresseddpachutdd abeby deomnpreshed lisassr decomipresseed ipacket .
For instance, in Fig. 10, either of the IP packet g 5 forned by

deconf eserdeg, thre btatérhenjresgEakkacket dreanhbe Idecpagiessdd bhsedreh blye

deconpressi ng the header-conpressed packet t can be used to
contents of the IP packet g The present embodiment of the invention

therefore is able to improve efficiency in decompression, even compared to

the forgoing embodiments.
As seen in the foregoing embodiments, the present invention relates
15 to the method including the means to restore the contents of a header-
compressed packet received and held after losing a packet on the basis of
the contents of a full-header packet received most early after the packet
loss. That 1s, a technique of using a full-header packet received most
early after a packet loss to decompress header-compressed packets received
20  after the packet loss is not restricted to methods described in the foregoing

embodiments, but a variety of other ways can be used as well.

D: Fourth embodiment

25 The foregoing embodiments provides not only a function of

permitting the relay apparatus on the sender node 3a to convert an IP

packet into a header-compressed packet or a full-header packet (hereinafter,




deconpress the header-conpressed packet d. As a result, even if the

header - conpr essed packet _e which should be deconpressed j ust bef or & T AES 200
header - conpr essed packet d to be deconfifessed is not deconpressed in 10
order, the header-conpressed packet d can be deconpressed based on the
contents of the IP packet g. The present enbodi nent of the invention
therefore is able to inprove efficiency in deconpression even conpared to

the f t he f th t
 nvent| onoel & BUICHian 55 ek EEHmET ISt RGO eI ar WAl O
packet onBeEiRE Th 1Y LS8 aioknﬁﬁthée%eﬁeﬁe%e% kS S'”gnf)‘st
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{or ) ngrofieadl Yot cifibdafflcRf pbvidesh CAfiEBEER0 th TR bathe |
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header - conpressed packet or a full-header packet

such a fupdiijeorbth Gehlded neasPBasdmen ﬁe@@ﬁiéromaia Rifnifh$022 Havaclthen of
permtting the relay apparatus on the receiver node 3b to convert the

header - codpcenpessspae Ketictgont he ful | -header packet into an IP packet
(hereinafter, such a function is called "deconpression function."). In 5
contrast, the f Bract icadhyb adienrsender aatalasrminahfl guodtces sequehiialiybdPh
sender data terninal 1 and receiver node 3b have the conpressi on tunction,
whi | elbot packeiside b dasmuted. r doetraesmitting the fPhpaciethathe téreninal 1

sends to the sender node 3a, as full-header packets, both of the first IP

packet and an IP packet that should be transmitted immediately after

receiving the CONTEXT STATE from the receiver node 3a. As to the

remaining IP packets, the terminal 1 sends them as header-compressed
15  packets to the sender node 3a.

The relay apparatus on the sender node 3a operates in a similar way
to the relay apparatus on the receiver node 3b explained in the first
embodiment. This operation causes the full-header packets and header-
compressed packets, which are sent from the sender terminal 1, to be

20  decompressed into IP packets, thus being sent to the receiver node 3b.
Responsively to this sending, the receiver node 3b receives those IP
packets and coverts them into full-header packets or header-compressed
packets, before transmittingthem to the receiver data terminal 2.

The receiver data terminal receives the full-header packets or

25  header-compressed packets from the receiver node 3b, and converts them
into IP packets. When detecting a packet loss occurred between the

receiver node 3b and receiver data terminal 2, the receiver terminal 2 stores




deconpression function. Practically, the sender data termnal 1 proq#ﬂﬁ; M0
sequentially IP 10 packets to be transmtted. In transmtting the F -
packets, the terminal 1 sends to the g&nder node 3a, as full-header
packets, both of the first IP packet and an | P packet that should be
transmtted i mediately after receiving the CONTEXT STATE fromthe
receiver node 3a. As to the remaining |IP packets, the termnal 1 sends

t hem as header.- conpresse 15 packets to the sender node.3a, The rel ay
appar at us '® t'ﬁel%nlléﬁ%%r Sﬁ)cfageB caiIrcRmpressed packetsr reggyved slumpg rtheay

é‘gé’?ihl? ! oo iRArACOERESA fle RECRe f’ogﬁﬁﬂ%'gf‘ﬁeﬁ%#l?ﬁgégéﬁ:%t&“ & ol Bales o
i 1 1 20 i | P
paLEet 2" prckt BFRE 1R°pACRATTods L TR, sl r@%@lﬂﬁg?%&?ﬁ % SR heAdeh ﬁ

ets, ny Se . >
?E[‘ o fol | PASSER SR KamRTZ dPed BRRES the e essd R BESOEE TR {11 ng
Lhetf) | REmRESNepatRld il ife SHfad<ohy) YS[nMRIT LN FHLY oo,
node 3b, ABSHGHFENE BcERRM ﬁilmltfeagier@gek@&S-TH‘&?% %Ef&c{}qjaﬁ‘a‘?gﬁﬁgﬁaloss

occurred between the receliver no and receiver data termn he

ecel ver DesgBraRk t3 sdrfofn protklsidd! itluding displdy otlifae3AnPbRIRA!

header - conpressed packets received-during | nterv et ween e packet

| oss and stendabhsexbtonedapd i provitied byl | theeadesiveRRClet padlkas. t hqpacket
| oss. Then, when receiving such a full-header packet, t%e termnal 2

deconpr essesfigheatiompies sheteherdeatsleoftot Neavreagimnilar caapagted Rackeles
stored in the storage by using contents of the full header of the received
f ul | - Headeenipgukattonsiheseribelde i thediorego g embed iieats.
As described, the receiver data terminal is able to have the function
to decompress contents of the compressed headers of headercompressed
packets received until receiving a full-header packet most early after a
packet loss, by using contents of the full header included in the full-header
15 packet. This means that the packet transmitting method according to the
present invention can be applied to any apparatus for transmitting and
receiving packets on a network. That is, concepts of the “sender” and
“receiver” cited in the claims of the present invention include data
terminals from which packets are sent and date terminals to which packet
20 are sent, as well as packet-relaying devices interchanging packet

conversions between data terminals.
E: Variation

25 (Variation 1)

In the foregoing embodiments, the sender node 3a have been




2 operates to perform processing including display of images and output of '
sougd based onpdata prgvided by the received I P packets. This 7 7 AUG 2054
configuration is therefore able to havesgsimlar advantages to the 10
configurations described in the foregoing enbodi nents. As described, the
receiver data termnal is able to have the function to deconpress contents
of the conpressed headers of header-conpressed packets received until

st ear|ly after a packet |oss, by using

Cont ent o 6PnEigure A G 4T SR o Backer shitnahowkd Drcsantr imemqtietedy. afib o
e . h '

T e MR S DT R o chndmids B siaroncouties ng

Prea i n Lo UFL HREE 300k AyPEhERTSTRAdel] o Huweteeonditions Eamsending r om
' . ' ni.ch ket 20 are sent, as

wel | ot palidt I BaSERts, A R B g Bl fcﬁg\?&%@ h%%f,gw@g i§E@ﬁ§- bdPheen

' . L AL on n or
enbod orenpackets PhidEaStedof? hdAehbl 890234 A S neAfd akets sansuc

that an | Beacks Shauf, sent imediately after receiving the
CONTEXT S%ATE fr%lﬁ’%t edreceldétlagr\@%ode 3b is sent to the receiver node 3b as

a full-header pgckefsstifpygyer, conditions for sending such |P packets are
not limted to the c{)Sndition mentioned above. |IP 5 packets which are sent

ol lova: o Fi 1ot Mot hen thoararra T el aarar eadt Rl AR HERERAED 5
an | P packetransmitted are not changed in values, it is possible for the sender node
10 3a to transmit, as stated in the foregoing embodiments, full-header packets
only for both of an IP packet which should be transmitted first and an [P
packet which should be transmitted immediately after receiving the
CONTEXT_STATE from the receiver node. However, if the static fields
are changed in values, it is required to send a packet of which static fields
15 are changed in contents, as a full-header packet, as also stated in the
conventional method A, in addition to those packets. To realize this
additional sending, the control portion 33a of the sender node 3a is
configured to send, as a full-header packet, a packet of which static fields
are changed in contents. Alternatively, instead of IP packets sent
20 immediately after the CONTEXT_STATE was received, only IP packets of
which static fields are changed in contents can be sent as full-header
packets.
b. Second embodiment
The sender node 3a may be configured to select, as shown as the

25 method 1 in the explanation of the prior art, particular packets from packets

transmitted in turn from the sender data terminal 1 at every predetermined

number of pieces, and send them as full-header packets to the receiver node




be transmtted are not changed in values, it is possible for the senddrAUS 20%
node 10 3a to transmt, as stated in the foregoi ng enbodi nents,

ful |l -header packets only for both of am9l P packet which should be
transmtted first and an I P packet which should be transmtted i rmediately
after receiving the CONTEXT STATE fromthe receiver node. However, if the
static fields are changed in values, it is required to send a packet of

whi ch statyyc fields 15 are changed in contents, as a full-header packet,
as also std@ated in the conventional method A in addition to those packets.
To realize this ddi.tional sending, the coptrol portion 33a of the sender
node 3a is con;‘l}hguggévgo?gﬁtn(f,n%a§gﬁ°@‘i!1I mesdds pEUkat to athsadiesegoingihi ch
static fi hﬂﬁ] . 3 in ntents ternatively, instead of |IP

packet s sgnt fdﬁ?%m gﬁgﬁdtﬁea%et%gi"%%o W%‘Wﬁﬁa srrgeeikggunidhpry | P
packets ofy11 WA a%‘]d]'g ol r ed iin contents_can be sent_ as

ful | - header paggétsﬁs. fléégéﬂgegnﬁgﬁﬁﬁ%lseﬁg Q@HE a afige thy logs ofea

confi ggIr egadieetS Ynfe HecBmpil e hod 1 in the explanation of
the pri orﬁart " parti cﬁ?arp? p%éﬁ%?}%ﬂr} O%a%lgectggég CQI&SHE%OE {18 E‘l‘lﬁpléﬁ’f’dqur om

t he sendepa¢laita termnal | at every predeterm ned nunber of pieces, and
send them as full-header packets to the receiver node 27AUR004 49 3b. The
above first and second nodes is simlar to the foregoing enbodinents in
that the receiver node 3b can keep packets received until a full-header

packet is receifMatidtiom2)he sender node 3a after the loss of a 5 packet,
and deconpress the kept packets on contents of the full-header packet.

(Variation 2)

10 The full-header packet and headercompressed packet are not
necessarily limited to the packets described above. Namely, packets of
any configuration are applicable to the “full-header packet” of the present
invention, if they have a function of synchronizing the content of the
compressing operation in the sender node with the content of the

15  decompressing operation in the receiver node. To be more specific, it is
not always required that a full-header packet is able to restore a non-
compressed packet on the basis of contents of the full-header packet itself,
Moreover, a full-header packet is not always required to be produced based
on an [P header. Rather, to have the above function is enough for a full-

20 header packet. On the other hand, any configuration is available for a
compressed header, if a header-compressed packet can be decompressed
based on the contents of other packets such as IP packets which have

decompressed fuli-header packets or header-compressed packets.

25 (Variation 3)

The checksum that is attached to a compressed-header packet and




10 The full-header packet and header-conpressed packet are not neCQngﬂGhM£
limted to the packets descri bed above. Nanely, packets of any - '
configuration are applicable to the "fuwd-header packet" of the present
invention, if they have a function of synchronizing the content of the
conpressing operation in the sender node with the content of the 15
deconpressing operation in the receiver node. To be nore specific, it is

not al ways § ui red t.hatha full -heag% packet is able to restore a non-
conpr essedl% cRetXHRINR LN correctpessopk thit deepmpriessed) headeads matakikdted

itself. r gov ful |- header,,packet is not always required to be

pr oduced ggs e(gplgncheﬁkﬁggherr t Ber any oChecksuine caleviatednfromonthes
enough for : e ket . On r nd, any configuration is
avai | abl e og@:fngk bg(%gr%ge@gg?rﬁzgﬁﬁr,’g‘i“ﬁ]m&j}gifﬁoﬁﬁ%@@eéﬂﬁﬁm edatp be
deconpr esse 0 nt f other packets such as |IP packets

whi ch have godrg?zﬁ%%gsg%%dﬁj ‘?%Zaccler BB&WB@Y&X%%%M@@%@@%MHs.
25 (Vapi ath0feddmbie &Eﬁ Ksfyp that is attached to a conpressed- header
packet and 2004 %%J}uge ?o exam ne the correctness of the deconpressed
header is not limted to the UDP checksum That is, any checksuns
calculated fromthe original packets or fromthe original RTP/UDP/IP
headers, and at (Vgh‘gqohm a conpressed- header packet can be used for

exam ning the correctness of 5 the deconpressed header. (Variation 4) The
present invention can be enbodied so as to record the program 10 executing

t he packet reception, which is perfornmed by the relay apparatus on the
recei ver node adheguesehethventidiecsiivedt mpbtised §6h8 tétﬁbéﬁﬁﬂ@ﬂ}@gra[}ﬁadabl €
by con&)ut ers, and deliver the nedia to users, or provide the
1 executing the packet reception, which is performed by the relay apparatus
on the receiver node as described in the embodiments, into storage media

readable by computers, and deliver the media to users, or provide the

program to users through electronic communication circuits.




programto users through el ectronic commnication circuits. 2 7 AU%;{B%@%%L
What is clainmed is: 1. A packet transmtting nmethod conprising the A
of : a packet transm ssion by a comuni cation apparatus provided on a 5
transm ssion node in a network, the packet transm ssion including an
operation for converting a plurality of non-conpressed packets to be
transmtted into either a full-header packet with a full header or a

header- c ressed.packet with a conpressed header and transmitting a
converted%@%dﬂaﬂg’e&f(ﬁecei ver node in the network; and 10 a packet

reception by a communication apparatus provided on the receiver node, the
packet reception including an operation for receiving the full-header

ket or the h onpressed packet transmtted fromthg ~sender and an
Comver st o EARAAGHIEIL Bl Bng hnsipelts ot the
packet o heade - Pidkes Bl 3R Ry o comtpugih ;ﬁ@,agpm% pupurtad omahe.

d ; # i yer.n east on eader - conpr ess
fggeie;r/ggo urH}S %Eglﬁm inE)t(&%L X}%I abget&;é%ﬁi’a*‘peo @&?‘Pgntg%“?:é:b?gﬁ&?‘lf&& Hhd a

on i Y X 2 )

(rjgggﬂplress' E{;a%c!ifﬂgofr%r egseg ﬁﬁd{é{ﬁgﬁ ﬁmrﬁg?bfﬁézo%%f%%ﬁ?ﬁﬁiéﬁ%us
Fecel vod o Tamificadnte Rty Eon fleaR PRGB! ohitf & il A SRE B of B6RSerai m 1,

the oper atbnrpréssed pacleroR il £ebimsrekfed Rea@ACkSY tfﬁ%‘?ﬁﬁgﬁ@i .'In ‘é[ohg%r&tee&

i ncluding an operation for deconpressing delta infor
header - coppclestdect preketrsndde it elkinbRgoik;difd er ence value fromthe delta

information included in the full
a packet reception by a communication apparatus provided on the
receiver node, the packet reception including an operation for receiving the
full-header packet or the header-compressed packet transmitted from the
sender and an conversion for converting a received packet to a
decompression packet, the conversion including:

15 an operation for keeping, in cases a full-header packet or header-
compressed packet is lost during transmission from the sender node to the
receiver node, at least one header-compressed packets received during an
interval between an occurrence of a packet loss and a reception of a next
full-header packet, and

20 an operation for decompressing a compressed header of the header-
compressed packets thus kept, based on a content of a full header of the

full-header packet received after the packet loss.

2. A packet transmitting method of claim 1, the operation for
25 decompressing in the packet reception further including an operation for

decompressing delta information in the kept header-compressed packets by

reducing a difference value from the delta information included in the full




52 27AUG2004 header of the full-header packet received after the packet

| oss, the delta information being information which changes by the% 7 AUG 2004

difference value between each of the nem-conpressed packets, respectively

5 3. A packet transmitting nethod of claim1, the packet transm ssion

further including an operation for adding, to at |east part of the full

headers of a full-header packet converted fromthe non-conpressed packet,
tion between the non-conpressed packet

i ff e yalu f a i, nfor _ _

gngl anot h eﬁﬁ%ﬁ-%ﬁﬁﬁ? Jg‘ﬂehe ‘é%ka@le?%thE%Y% atteri eropﬂaktttolvstselghgfde{l;a

I nf ti on sl hanges by. the difference value between each o e
In(r)]n?(r:garrplrelglgg %Q@%e?’g?ngegﬁgéﬂa\'}’éﬁr&/,w 1 ehangssebat ithe ftffemd nyabssi ng

[ ' f her _including an operation for deconpressing,
me;hfeggfﬁﬁﬁgegc U :‘?ﬂ%’e?g‘i n"cﬁ’él&reetss#f’ﬁ&&etéi f%ﬁ@ﬂ&@l}{/al ue after the
packet loss, the delta information in 15 the kept header-conpressed packet,
by using the difference value and delta information included in a full

header gof 4 he r%fﬂa\’:ﬁgt {rahgmr}ﬁfrggi_neg%bﬁfld4 A packet transmtting nethod

of claim 3, whereitn, I'n cases H&8der packet corresponding to a

non- conpr essed nae ek bhaRIibh AR A AfE oL st een the

non- corrpressed packet and a non- conpress

non- conpr extdesktsarkf the fifll HegHem of gaﬁ.l(lg—ithfeﬁﬁélg Bg%{;#xi‘éfr{tgﬂ] fgtgtLp"l;

i nformati on of other non- conpressed us on

the sendemomedempaessedepabikict o1 differatileUs 108 ofhi Ifalinfo RSarSh K e O A
pang;a transmtting me'fl?]od of claim1, the packet rnegept | prI11 ‘fﬂ&rhn’[%kleﬁhe
conpr i si ngoancompressenn packet enRiMUMTAEN Indh Fohfpredéad KRR, Shet BEita
27AUG2004

10 information being information which changes by the difference value

between each of the non-compressed packets, respectively, and
the operation for decompressing in the packet reception further
including an operation for decompressing, when receiving a full-header
packet with a difference value after the packet loss, the delta information in
15 the kept header-compressed packet, by using the difference value and delta

information included in a full header of the received full-header packet.

4. A packet transmitting method of claim 3, wherein, in cases that a
full-header packet corresponding to a non-compressed packet is transmitted
20 and a delta information between the non-compressed packet and a non-
compressed packet immediately before the non-compressed packet is
different in a difference value from delta information of other non-
compressed packet, the communication apparatus on the sender node adds

a difference value to the full-header packet.

25

5. A packet transmitting method of claim 1, the packet reception

further comprising an operation for decompressing static information of the




53 kept header-conpressed packets based on static information includeg .ﬂ]ﬁ
full header of a full-header packet received imedi ately before or laf Qﬁaﬂ
said packet loss, the static infornmaggon being information contained in
non- conpressed headers of non-conpressed packets and identical between the
5 non-conpressed packets. 6. A packet transmtting nmethod of claiml,
wherei n each non- conpressed header of the non-conpressed packets includes
delta information which changes by a difference val ue between the non 10
conpr essé&eppheldescompressad panketsshar¢dnendiatiofinfermatien ingluded 1nre
header-conﬁressed packets includes partial bits which is a part of bits

r epr esenffulchaader odla full-ifeadenpaoketofece e isnmegigtety betprgedicditer sgid t he
packet reception further conprises an operation for deconpressing delta

i nf or mat ipeaket lesse thepstatimdefonpaiips sheid gy aplarmeation aentaggd ddnfoBart  of
bits representing delta information included in a full he qfr of a

ful | - headomprgssest headess el non-ePmyHesseacRackety and emﬁlqﬁr gtweenptheg

i ncluded in a header-conpressed packet previously obtained. 7. An rel aying
devi c® i MOBr@mPEESSed RAGKElS-al ity of data terminals and 20 rel aying
packets exchanged anong the data term nals, conprising: reception nmeans for
receiving a full-header packet with a full header or a header-conpressed

Siﬁgﬁéré“ QﬂapéﬁEﬁifﬁfeiiﬂra%ﬁﬁﬁﬁéaﬁé‘%e&ﬁgﬁééﬁ3#5?“1?&5 coeXeth, At indiE ey
i i _ ader
Phe T ccopPritesith ndeaes aBFF (FRs R Tt hrested * PackFlL IS (RIR VT ol

gfe: ‘Q’fe[‘hgnzfdorg@igﬁi k@cgg%ﬁ[ﬁw By' GCefitfePtn® VallieXbetwkbnheReenopacket
10 compressed packets, while a compressed header of at least part of the
header-compressed packets includes partial bits which is a part of bits
representing the delta information of the non-compressed header, and
the packet reception further comprises an operation for
decompressing delta information of the kept header-compressed packets by
15 replacing part of bits representing delta information included in a full

header of a full-header packet received after the packet loss, with partial

bits included in a header-compressed packet previously obtained.

7. An relaying device intervening ina plurality of data terminals and
20 relaying packets exchanged among the data terminals, comprising:
reception means for receiving a full-header packet with a full
header or a header-compressed packet with a compressed header and
converting a received packet into a decompressed packet;
keeping means for keeping, in cases the full-header packet or the
25 header-compressed packet is lost before being received by the reception

means, header-compressed packets received during an interval between a

loss of the packet to a reception of a next full-header packet after the loss;




and deconpression nmeans for deconpressing a conpressed header of each of
t he header-conpressed packets kept by the keepi ng neans, based on a7 AUG 20k
content of a conpressed header of a fu4-header packet received after 5
the |l oss of the packet. 8. A data term nal capabl e of exchangi ng packets
via a network with other data termnal, conprising: reception neans for
receiving a full-header packet with a full 10 header or a
header - conpressed packet with a conpressed header and converting a

recei ved gitket into a deconpressed packet; keeping neans for keeping, in
cases the full-header packet or header-conpressed packet is |ost before
bei ng recei ved $SEOMPIESSKELIMANS kak S8 CORRHESTNEoArBpERSSpe cheaderr gkei ved
during an interval between the 15 | oss of the pagcket and a recepiion of a
next ful mmaaérthw@ﬁé@r-&pmreﬁréi paskets kepl bikdh DB TIRABG DR

deconpressi ng a conpressed header, of . each 0 he, header - conpr esse ackets
kept by (O AKRRIIFRL Of@asRmpESSIEd heples Glon (B cheder Eﬁ%é&@d%@? of a

full - header ,pack recei ved after 20 the |loss of the packet. 9. A packet
recepgioﬁgﬁégﬁﬁﬂ?bgﬁﬁﬁﬁgﬁng the steps of: receiving a full-header packet
with a full header or a header- conpressed packet with a conpressed header
and converting a received 25 packet into a deconpressed packet; keeping,

et LA e S SR G A
an i”terV&hepﬁhﬁﬁrﬁiﬁﬁl,l&ﬁﬁpﬂgiﬁé‘.e packet and a reception of a next
reception means for receiving a full-header packet with a full
10 header or a header-compressed packet with a compressed header and
converting a received packet into a decompressed packet;
keeping means for keeping, in cases the full-header packet or
header-compressed packet is lost before being received by the reception
means, header-compressed packets received during an interval between the
15 loss of the packet and a reception of a next full-header packet after the loss;
and
decompression means for decompressing a compressed header of
each of the header-compressed packets kept by the keeping means, based
on a content of a compressed header of a full-header packet received after

20  the loss of the packet.

9. A packet reception method comprising the steps of:
receiving a full-header packet with a full header or a header-
compressed packet with a compressed header and converting a received
25 packet into a decompressed packet;

keeping, in cases the full-header packet or header-compressed

packet is lost before being received, header-compressed packets received




full -header packet after the |oss; and deconpressing a conpressed header of
each of the header- conpressed packets kept, based on a content of a7 AUG 200
conpressed header of a 5 full-header ggacket received after the | oss of the
packet. 10. A program for making a conmputer executing a packet reception
met hod conprising the steps of: receiving a full-header packet with a ful
header or a header- 10 conpressed packet with a conpressed header and
converting a received packet into a deconpressed packet; keeping, in cases

the ful | -draganpuirealdretmesdethectosp rafdbe padkgt ikad a secepsiomef ar seski ng
recei ved,  header - conpressed %ackets received during an interval between
the | oss dl-hpaderpadictatterdnedesytansh of a next 15 ful | -header packet
after the | oss;, and deconpressing a conpressed header ofiga h of the
header- conpr eSSSQMPISREINE (& pCOMPISEF bnhgadisntQinteash dﬁﬁr darheader
of a full-header packe eceived after the loss of the pagcket. 20.11. A
conput er GURBESSEd %F‘Sé%iiﬁ%inlo?ﬂ ﬁgcglts%@ffam)a}prﬁa%qﬁ§eaderceﬁr,m er
executin acket reception t.od, c rising the steps of: receiving a
Pl - Readull-BEEdE: pagie Tacpie At dns 168 of HiZRRFKet oy eased packet i th a
conpressed header and converting a received packet into a deconpressed
packet; 25 keeping, in cases the full-header packet or header-conpressed

Guri ng ani -t ervar BRPUE R RERFIE 3 op MERREE SO RS % pRRRCH R 1% e
of cach AoERE PRl RERE O Do ckets kept, based on a content of &
conpressed heaqgeei®ing a full-header packet with a full header or a header-
10 compressed packet with a compressed header and converting a received
packet into a decompressed packet;
keeping, in cases the full-header packet or header-compressed
packet is lost before being received, header-compressed packets received
during an interval between the loss of the packet and a reception of a next
15 full-header packet after the loss; and
decompressing a compressed header of each of the header-

compressed packets kept, based on a content of a compressed header of a

full-header packet received after the loss of the packet.

20 11. A computer readable storage media storing a program for making a
computer executing a packet reception method comprising the steps of:
receiving a full-header packet with a full header or a header-
compressed packet with a compressed header and converting a received
packet into a decompressed packet;
25 keeping, in cases the full-header packet or header-compressed

packet is lost before being received, header-compressed packets received

during an interval between the loss of the packet and a reception of a next




ful |l -header packet received after the |oss of the packet. 27AU&XR004 5
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full-header packet after the loss; and
decompressing a compressed header of each of the header-
compressed packets kept, based on a content of a compressed header of a

full-header packet received after the loss of the packet.






