1 DESCRI PTI ON HEADER COWMPRESSI OV DECOVPRESSI ON APPARATUS AND HEADER
COVPRESSI ON DECOVPRESSI ON METHOD 5 Techni cal Field The present invention
relates to a header conpression/ deconpressi on apparatus and header

conpr essi on/ deconpr essi on net hod. 10 Background Art In sonme of the existing
conpression of protocol data wunit (PDU), prinmary inportance is given to
conmpression of a data format in a single |layer. One such technology 15 is
the Internet protocol (IP) header _conpressi on where the enphasis is on the
conpr essi on of specific protocolDH%%&#ETI@%hpression of header information
according to prior art is centered on conpression of Internet protocol 20
stack addresses. Conpressible headers .include TCP, UDP, |Pv4 and | Pv6 base
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Technical Field
The present‘invention relates to a header:
compression/decompression apparatus and headerxr
compression/decompression method.
10
Background Art
In some of the existing compre’ssion of protocol data
unit (PDU), primary importance is given to compfession
of a data format in a single layer. One such technology
15 is the Internet protocol (IP) header compression where
the emphasis is on the compression of specific protocol
lavyers.
Compression of headef information according to
prior art is centered on compression of Internet protocol
20 stack addresses. Compressible headers include TCP, UDP,
. IPv4 and IPvé base header and extension header (e.g.,
'see “IP Header Compression” (NetWork'Working Group
Request for Comments No.2507, 1989)). For TCP packets,
the Van additional mechanisms which improve the
25 efficiency of VJ header compression (Van Jacobson
Comp;ession) over Iossy links are also described. For
non-TCP packets, compression slow-start and periodic

refreshes minimize a period during which a packet is



2 discarded due to a |loss of a header that would cause its context to be
changed. There are hooks for adding header conpression schenes on top of
UDP, e.g., conpression of RTP headers. 5 Header conpression relies on many
fields being constant or changing seldonly in consecutive packets

bel ongi ng to the sane packet stream Fi elds which do not change anong
packets need not be transmtted at all. Fields which often change with
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i ncluding agulLhgadels . Conpressed headers which are subsequently sent

reference the context established by the full header. Furthernore, 20 the
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Thi s header conpression schene does not require

same streamdasstaftelord Neh 8AFRMHRS SE81 hbhk.y HoWeysh s dd1; 18 JEPpsideapy the
di fference anong subsequent headers can becone nore 25 |rregthr and t he

conpr essi onbiedt@n giyigdecreRs s aMdea€Rerespendinng FGR tat aynenh do not
acknow edgnment packets need not traverse the link in opposite directions,
ei t her. change among packets need not be transmitted at all.
Fields which often change with small and/or predictable
10 _values, for example, TCP sequence ‘numbers can be encoded
"by incrementing the value by 1 at a time, and therefore
it is possible to signi‘ficanrtly reduce the number of bits
necessary for these fields. Fields which frequently or
randomlychange, for example, checksums or authentication
15 "data need to be transmitted within every header.

A general p;inciple of header compression is to
occasicnally send a packet including a fuil header.
Compressed headers which are subsequently sent reference
the context establishedby the full header. Furthermdre,

ZQ 1thé compressed header may also contain incremental
changes to the context. This header compreésion scheme
does not require that all packets in the same stream pass
over the compreSsed link. However, in a TCP stream, the
difference among subsequent headers can become more

25 irregular and the compression rate may decrease. The
Corresponding_TCP data and acknowledgment packets need

not traverse the link in opposite directions, either.

This header compression scheme is useful on



Thi s header conpression schene is useful on 3 first-hop links or |ast-hop
links as well as links in the mddle of the network. Wien many (several
hundreds of) packet streans traverse the |ink, a phenonenon that could be
called CID thrashing could occur. In this case, 5 headers seldom can be

mat ched with an existing context and eed to be sent wi thout conpression,
that is, as full headers. It is possible to use techniques such as
hysteresis to ensure_the packet streams giving the hi%hest conpr essi on
rate mai nfAFS GTHePP &éﬁ%@t@rl%a%w@wglr@%o@%meé t thet bimhst dohni ques
are nore k?el to be _required in the mddle of the network. Disclosure of
| nvent i on“AR MAEdT QT Have MRRYOFKot odBreBBBRY| AjerVe Hrel dgundseds
inplenenteg,in each_net wor k ngde. Each EéOt8CO| stack |ayer provides
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To support e asasy miti By B oot bRol oy e op eHhIFEEL R Meayork nodes.
hysteresis to ensure the packet streams giving the highest
compression rate maintain théir context. It is highly

10 possible that such techniques are more likely to be

required in the middle of the network.

Disclosure of Invention
All networks have many protocol stack layers being
15 . implemented in each network node. Each protocol stack
layer prxovides specific layer information such as address,
port number, packet contreol data and data that protects
the integrity making the packet more resilient to error
during transmissions. In many cases, such information
20. is duplicated over a certain period of time with regard
to exchanging of packet -data between protocol stack
entities responsible for transmitting, receiving and
connecting network nodes. The present invention
eliminates irrelevance and redundancy in data packets
25  thatpassthroughmore than oneprotocol stacks andbetween
transmitting and receiving network nodes.
To support legacy multiléyer protocol stack of

network nodes, it becomes increasingly necessary for



networ k nodes, it becones increasingly necessary for 4 header conpression
to be deployed in reality. Thepresent invention provides an apparatus and
nmet hod capabl e of decoding and encoding an arbitrary nunber of |ayers of
protocol stack which allows conpressed header information 5 to be supported
on |l egacy network node. This is done without additionally changing the
protocol stack. Mst wreless networks support network data transm ssion
usi ng packets for connectionl ess sessions. Increasing the possibility of a
dat a packet PGS SPHRLLS HOPHR Riende PAE YEsh i N 2 bAtvequilhesPE§s edt a
packet to be fragnented. Fragnentation of the data packet produces great

over head bedBY&E 't el P SFi B iIFRRATBS USHIF CBEEBR DfcHealdre of

i nformati on., The ﬁéesent i nvention all ows, header information for data
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period. 25 Furthegggre,, {he) QLes tri:S'}.‘E%tis‘é{}%%gggg%%t%@?ﬂdw,a@ab to be

consuned on the inter-frane period I n data
transmission using packets for connectionless sessions.

Increasingthepossibilityofzidatapacketsuccessfully

10 reaching the destination requires the data packet to be .
fragmented. Fragmentation of the data packet produces
great overhead because the fragmentation involves
duplication of header information. The present
invention allbws header information for data transfer

15 offragmehteddatapackettransmissionsesshﬂltoenable
header compression.

In a wiréless network; especially the
IEEESOZ.ll—baéednetwork,inter—frametimeperiodisused
‘between data packets in the wireless medium. This

20 inter-frame period reguires aconsiderable amount of time
and bandwidth over a certain period of time, especially
.when there is large volume data exchange between two
stations.‘ The present inven#ion provides an apparatus
_and method for reducing thé inter-frame period.

25 - Furthermore, the present invention reduces a bandwidth
_to be consumed on the inter-frame period in data exchange
between two stations during a long period of time.

The present invention enables two legacy network



between two stations during a long period of tine. The present invention
enables two | egacy network 5 nodes w thout the header conpression ,
technique inplenmented on it's protocol stack to enable header conpression
by providing appropriate interfaces such that |egacy control software can
use header conpression. 5 Interfaces abe provided on the control plane as
well as the data plane to allow | egacy data packets to continue to be
used for data exchggae bet ween network nodes. That is, it is an object of

the presehPdfiveht FBRALE $HF raded HeaBRE esdimestEehdeospr essi on
appar at us, and heﬁder conpr essi on/ dei:rﬁggr ession met hod capabl e of

1
i mpr ovi ngl?ﬁgef"rﬁl?ﬁﬁ paf dft t RePERHFEP PIcdy e pretdcpl header at
net wor k nodes. An enb%ginent.gi.the present invention solves the above
descri bed” probIEt" B P2l POAVAG HERGEP ToMprass bRt e 15 ass & uidedhrdr .
exchangi f dat ckets between | egacy network nodes and bet ween net wor k
nodes ?nc %gﬁﬁgrégﬁggfoﬁuﬁﬁ E@@Fepfﬁgbd%ﬁeskﬁﬁgkftHSqu%ﬁﬁﬁpﬁ-changing
t he r ot t LS .purpose,, one _node of the present _ _invention
uses g se@??%ﬁ%ta%g%(s pér:%%ix%igé%al%r%u (T4 ay/eF %@ngﬁ:&qo?&a% AR Yigdders
i nformati t c r { t _encodes an ecqodes header
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2 | egacy et B ror oosl Cerack sE PR to PR R ERBs iRk T
information cCOMY£LESION it is an object of the present invention
to provide a header combression/decompression apparatus‘
10 and header compression/decompression method capable of
improving the throughput of the entire multilayer
protococl stack at network nodes. |
Aﬁ embodiment of the present invention solves the
above described problems by allowing header compression
15 to be used for exchanging of data packets between legacy
network nodes and between ﬁetwork nodes including a new
multilayer protocol stack without totally changing the
protocol stack. For this purpose, one mode of the present
inventionruseé a section that provides a multilayer
20 protocol stack header information transcoder, a section
.that encodes and decodes heaaer information so as to
realize exchanges of low bit rate header information,
a section that provides interfaces on the control plane
and data plane of a legacy network protocol stack
25 respectivelysoas1x)useheaderinformatidncompression,
‘a section that starts a session for header compression;

a section that compresses header information during a

data sessioninwhichdataisgenerallydividedatwireless



a section that starts a session for header conpression, a section that
conpresses header information during a data session in which data is
generally divided at wireless 6 nedia, a section that reduces an
inter-franme tine period during data packet transm ssion at. wirel ess nedia,
a section that conpresses header informati on of data packets from nore
than one protocol stack layer, a section 5 that detects a data packet
i ncl udi ng conpressed header information for a nultilayer protocol stack
| ayer, and Be€edi GnSEET IRt ddialy Rpressed hetder frdnenatnerpéoiod he
mul tilayer protocol stack. Furthernore, the enbodi ment of the present 10
i nventi on us®4raR% Fat B ERIC neERARTHS pioRi @dd wredks smmediayera
prot ocol stack @eader ﬁn&ornation transcoder to elimnate redundancy and
i rrel evance of CtREdHe PR hf GARRT DRSEFc IR aF ed iiP B AhE @ arkeda taxchanged
bet ween two netgorkS gdes. The gg&ar atus 15 ac;or di n?(tto t he enbodi ment of
the present ¥AVERGHOATCINMOEE ¥ LRRP L BG OddFitE AG 4t W8 YieRterfEREE1PH t he
control «pl n at | an &or controlling between a |ayer _contro
entity and g?lg?gcg setcgrcg fay8r2akdc ?(Ehja:?lﬁgﬁéilno%t%mﬁac’fﬁétsei‘?'nflb‘?"ﬁﬁ?iron,
performng c Lessian, an 0.d ression_of header infqrmation. This
appar at us per¥or£§é¥$§a§%% %oﬁ%ﬁgggﬁ%¥e§e§§95?%%fm%tﬁc ¥ ni 28Fon
node and a pl Wl {¥nOfot&8ELYHAR L.ng, an
appropriate frame first. \el\c%en a ggﬁb\ﬁg{ﬁ??ggng %Fgéie%ﬁ%g%{%%fﬁgneﬁarand
begi nning ofthe multilayer protoceol stack.
Furthermore, the embodiment of the present
10 invention uses an apparatus and mechanism provided by
the multilayer protocol stack header information
transcoder to eliminate redundancy and irrelevance of
header'information encapsulated in a data packet
exchanged between two netwotrk nodes. The apparatus
15 according to the embodiment of the present invention can
perform control by adding two interfaces to the control
Pplane and data plane fpr.controlling between a layer
- control entity and protocol stack layer and exchanging
data packet information, performing compression and
20 decompression of header information. This appafatus-
performs a header compression session between a
transmission node and a plurality of receiving network
- nodes by exchanging an appropriate frame first. When a
control frame for indicating the end and beginning of
25 compressed header information is lost, another control
frame is exchanged to also indicate an update of‘header

information which shortens a period necessary for error

recovery. .Anencodingsectioncxﬁthetranscodarnotonly



25 conpressed header information is |ost, another control frane is
exchanged to al so indicate an update of header information which shortens
a period necessary for error recovery. An encoding section of the
transcoder not only 7 perforns a session carried out for header
information conpression but also elimitates redundant information and
duplicate informati on. The header information is deconpressed by a
decodi ng section of the transcoder. 5 The control information is sent to
the transdtBEFOBPS @ pF 8ESIAN | SHEF 1eh &ythrehe remsade andnifo rinsa phesi bl e t o
control and specify the nunmber of protocol |ayers articipating in header
infornaﬂtﬁ?%gﬁﬁﬁ BnP t%%s%a%EéW§QQ§ﬁ%fé?ﬁ@@&%ﬂh@énfpmm&mbbnjayers

requi ri ng 10.exchanges, of .header jnformatjon are al so intercepted and sent
to a transcdde” 3ﬁﬁﬁ?¥eféﬁﬂgﬁﬁg%haeﬁr prdtesieAger Arvtesmiaid warksed out

in the transcoder includes _engodin decodi ng, registration and del etion
of headerd%é%%Pgﬁﬁ%ﬁﬁsggm%) ?Cﬁggﬁgi&fQ%koﬁr@ erfth ¢ ntEANISEIP @€ FRi nat es

{he.t neougtbat 3P EER Caus LR adi TP LAt *Fafore e o PROP6ESIeRraEka In
Do\ N EER WMEILL G0 G ESCA e LT ou and teduces
o ovi des. 5% hobararie, arEC Rt od i BRTEAY oAt REDRATT F ajew Sot ocol st ack
to use heg@8fticipating in header information compression. Data
packets transferred between protocol layers requiring
10 exchanges of header information are also intercepted and
sent to a transcoder subunit for subsequent processing.
Processing carried out in the transcoder includes
encodipg, decoding, regisfration and deletion of header
compression sessions.
15 Using the present invention eliminates redundancy
‘and irrelevance of data packet header information and
improves the throughput of payloads at different layers
of a protocol stack. 1In short, the present invention
imprbves the throughput aﬁd reduces consumption of an
20 overhead bit rate, which can be an expensive commodity
if transmission is carriedcnn:over'wireiess media. The
present invention provides an apparatus and method which
allow the multilayer protocol.stack to use headef
compression. This reduces the overall overhead bit rate
25 and improves the overall throughput for network‘nodes.
The present invention further allows a legacy protocol

Stackandnetworknodmstouseheadercompressionwithout

modification of the control mechanism of the existing



conpression. This reduces the overall overhead bit rate 25 and inproves the
overal |l throughput for network nodes. The present invention further allows
a |l egacy protocol stack and network nodes to use header conpression
wi thout nodification of the control nechanismof the existing 8 protocol
stack. Brief Description of Drawings 5 FISG 1 illustrates an apparatus for
conpressing a nultilayer protocol stack header according to an enbodi nent
of the present .invepntion and is a block diagram showi ng an over al
structure OPIQtFFéﬁgcéﬁéﬁﬂhsed for conpressing header information
ofthemul tilayer protocol 10 stack; FIG 2 illustrates a network system
configuration for header information conpression according to the
enbodi nent of the present i%yent%o§8and.jllustrates a npetwork system

0

configuration and a network “fidde PLHIPSIQR Bt Y APl enent i ng

mul tilayer protocol stack header information conpression; FIG3
illustrates a header conpression session period according to the

erbod mant of  heppeesnty  ADYSAY o0, SR A0S oL ML A Sl e of
CorRLEs it Rl er e e s ypis Rt o RNEOR) ELC S e
embodi ment g pbE PLEERIE the present inventionand is ablock diagram
shdﬁing an overall structure of a transcoder used for
compressingheader informationofthemultilayer protocol
10 stack:;

FIG.2 illustrates a network system configuration
for header information compression according to the
embodimenﬁ of the present invention and illustrates a
network system configuration and a network node ovérall

15 structure in implementing multilayer protocol stack
header information compression; |

FIG.3 illustrates a headér compression session
period according to the embodiment of the present
.invention,ShowsthestructureandelementsbftheSession

'_\20 period and illustrates a detailed structure showing how
compression is applied for different types of data
'exchange} |

FIG.4illustrates a PDU including compressed header

Vinformation according to the embodiment of the present
25 invention and shows a detailed overview about how header
information compression is implemented;

FIG.5illustrates a compressed header stream format

according to the embodimentcyfthe'present invention and



25 invention and shows a detailed overview about how header infornmation
conpression is inplenented; FIG 5 illustrates a conpressed header stream
format according to the enbodi nent of the present invention and 9 shows a
typical format of a conpressed header for a single protocol stack; and
FIG 6illustrates conpressed header infoormation for fragnented PDUs
according to the enbodi nent of the present 5 invention and shows a
det ai | ed overvi ew about how conpressi on of header information can be

appl i ed WABRY S Rag¥RACal & u%a amdl rceirer eBestd Mtscied ¢ rf Garer yilng laut t he
Invention 10 Wth reference now to the attached draw ngs, an enbodi nent
of the prBEBACGNYVedtrSGK i #Ndpe explained in detail below. In the

fol |l owi ng descr%ftion,%ior t he gurpose of 15 explanation of the present

i nvention, .speci e nbhbEsEratpacomRE e seediaadra be hermpdripmders are
set forthfi n__order .t l?rOVi de g,thorou%gxunders_t andi ng of the present

i nvent i ont T BGMIW ©3 Pg%l AGFpPE GGt At Nex eRpriireR F ot bh erpreskat
invenéion.c%n e inplenented. ZOéTbmeyfr, wi t hout such detajils, it will be
appar 8nt 18VeRN/ e 8RA ISRPYR endslrdl f Rt OMIRT bt B¥edP W ehfiMon can  be

practiced IS section w.l I?gi scl.ose an aratus for - contrqlling network
resourcesc %Bﬁ%ﬁﬁlanopﬁﬂﬁg ﬁr(dg rmagggn can be applleg when

fragmentation is applicable.

Best Mode fof,Carrying out the Invention.
10
With reference now to the attached drdwings, an
embodiment of the present invention will be explained
in detail below. |
In the following description, fér the purpose of
15 explanation of the present invention, specific numbers;
times, structures and other parameters are set forth in
order to provide a thorough understanding of the preéent
inﬁention. Following paragraphs give an
| exemf)lification of how the invention can be implemented.
20 However, without such details, it will be apparent to
- anyone skilled in the art that the present invention can
be practiced. | |
| This section will disclose an apparafus for
controlling network resources at Layer 2 of the 0ST {Open
25 System Interconnection) model applied to a wireless
network. TohelpuhderstandthepresentinventioneaSier,

the following definitions will be used:

Protocol data unit (PDU) '+ A single of data packet



25 System I nterconnection) nodel applied to a wireless network. To hel p
understand the present invention easier, the followng definitions wll be
used: Protocol data unit (PDU) A single of data packet 10 nade up of
header information and payl oad for successful delivery fromsource to
destination Data stream A group of protdfol data units delivered at
different tinme points and having simlar 5 destination and source
identification over a finite period of time Encoding section Functional
modul e or d&@idee ubMeifc hegshpf desiearnaddiast ted patl i d phor oot cdssd whi t
Decodi ng section . Functional nodule or device 10 whi ch deconpresses a

sel ect ed pafeldfVeFst ddoMm derr G tto sessitdm aloh@ext | D nmanager

Functional nodule or device which carries out a header conpression session
of data packet exPRdrgesbeeaBen twd 9819310f0pr pEedoicet adk tacam i bis
entities each_of which con rgls at | east one , 15 protocol stack Packet

| . ‘
stream r egi SEldtToRede&t EeRenitonat e nBadind Dragev ey iR ds 8 1ddyF st er

didentif dat a, . ket , st o .Of . \ dat a packets f
connect 1on LYRE DR EIRTGCT BnP LS A8 ph ABIiarie 1 ChaPr PRE T 20 EaRpricas: on or

deconpressioanrorocgl |.ayer interface (1/F) Functional nodule or device
used to ideﬁFifJV3 d t§: {tket stream made up of data packets w th header

infornationfron1ﬁ5@gg¥%g section '+ Functional module or device
| which compresses a selected part of protocol data unit
Decoding section ‘- Functional module or device
10 which decompresses a selected part of protocol data unit
| Session context ID manager - Functional module or
device which carries dut a header compression session
ofdatapacketexchangebetWeentwosetsofprotocolstack
control entities each of which controls at least one
15 brotoqol stack |
Packet stream registration section -+ Functional
module dr device used to. register and identify a data
packet stream made up of one or more data packets for
connection type or connectionless type network requiring
20 compression or decompression
Protocol layer interface {I/F) -+ Functional module
. or device used to identify a data packet stream made up
of data packets with header information from protocol
stacks in both compressed and uhcompressed férm
25 ~ Layer management entity interface (I/F)
Functional module or device used to control compression
'énd décompression sessions required by the layer

management entity usually used in coordinating control



stacks in both conpressed and unconpressed form 25 Layer nmanagenent entity
interface (I/F) . Functional nodul e or device used to control conpression
and deconpression sessions required by the |ayer managenent entity usually
used in coordinating control 11 activities and nmechani sm of protocol stack
| ayers The apparatus in FIG 1 shows a pultilayer protocol stack protocol
data unit header information transcoder according to an enbodi nent of the
present invention. A5 nultilayer header transcoder 102 is a device

i ncl udi nga Cdthblls egnd islibnedbloast tor o Enpeditir @hd sdecddi hgybeader
informati on and_coordi nating and controlling conpression and deconpression
processes of hedB&r aPpRdTaEEs ot Bienl ahdasaaheadér Ireees poobe cedmpr essed
or deconpressed for 10 a data packet which is generated or received by a
prot ocol SFaFer PRYERCEImErdss W hnldeddeanpressinatiom pardms medert t he
mul tilayer header transcoder 102. Header information of the data packet is
exchangedaSEFV%ghnghEo 0 erPefdmanbdef tharkredentidnwentéach. pfot oco

| ayer _15 stack through a data bus indicated by reference numeral 103. To
A i
0 r

suppoft CBHpresst PR oR e RESdert F#R BFREE 0, 02 al POV dp¥ isentineludéng
mul til ayer ader transcoder, 102 t hrough an interface 116, and the
existinglﬁ?g$8. %R@ﬁ?ﬁmﬁaéuiﬁﬁ o ¢ AeRd 20dTRRS iR Y| Bgadereader
Stack 10 EP T RERPRI Ao 0 SR tRaer ne s on EF G Hioms seutims Sion
and decompression processes of header information. When
a data header needs to be compressed or decompressed for
io0 adatapacketwhidnisgeneratedorreceivedbyeaprotocol
layer, such compression and decompression are performed
‘at the multilayer header transcoder 102. Header
information of the data packet is exchanged.betwéen the
multilayer header transcoder 102 and each.protocol layer
15 stack through a data bus indicated by reference numeral
103. Tosupportcompressianofheadefinformation,i{PDU
is sent to the multilayer header transcoder 102 througﬁ
an interface 116, and the existing protocol stack need
not be modified.
20 This multilayer header transcoder 102 is designed
tp be used for a legacy multilayer protocol stack 101
oY a new protoCollstack layer so as to compress and
decompressheaderinformatibnofaadatapackeﬁuﬁitwhich
is exchanged between two network nodes or components.
25 Since the new protocol stack functions so as to eliminate
redundancy and irrelevance of the header information,

themultilayer header transcoder 102 can send a data stream

packet to the destination with less overhead. Thié



deconpress header information of a data packet unit which is exchanged
bet ween two network nodes or conponents. 25 Since the new protocol stack
functions so as to elimnate redundancy and irrel evance of the header
information, the nultilayer header transcoder 102 can send a data stream
packet to the destination with | ess overhgad. This 12 inproves the

t hroughput at the transmtter end. Control of packet data units transfer
between different protocol stack layers is coordinated by a '
prot ocol | ayémuraogs thforpRfpeahipsdd ab Tlenttitgnsné td of oebdol st ack

| ayers to be conpressed depends on the information provided by a | ayer
managenent entityCPPETAboCITRAC K ol AEE S bBSséS Fbrghbe 3 ejRe path
i ndi cated by reference nuneral 114. The_informati on handed over by the

| ayer manag8hdrt®BREFt PHIFCE0d SLapk yseyers pes pFeesrtide F8dt BY @ ot ocol

| ayer 1/F 104, .a session coniext |D pmapager 112 and packet stream
regi strati oﬁré’é_c‘??%ﬁ Jﬁ)%?rl—fe/ré,lot%e d-f Lot Qo & tRedden §FvihRe i on

is conpressed qr deconpressed and the r ot ocol stacg l.ayer conpressed
header i*hf oPét ?ﬁpisg%§éknf?¥8?5&k%i%%c&8ﬂ?ﬁﬁﬁ%ﬁ pdé ?Wﬁ%ﬂgﬁ E%?erem
"TF 04, and dayE hoOE RULTI TG “brfor LA 2ren "GP HeeBRE e e bR ot Tahaer
0o e TABEET A, 084 ABESEL s pRAL gk BTG o, e Echatyd I ovon
a decodi ng §ﬁﬁ@é¥%ég7by reference numeral 114. The -information
handed over by the layer management entity I/F 109 is
10 used to be presented fo the protocol layer I/F 104, a
session context ID manager 112 and a packet stream
registration section 105. Here, the data field of the
header information is compressed or decompressed and the
protocol stack layer compressed héader information is
15 applied. Data packets which pass through different
protocol layers upward and downward are monitored by the
protocol layer I/F 104, and only those requiring
compression or decompression of header information from
thé data packet stream are extracted, redirected through
20 .a bidirectional single path 108 and sent to an encoding
section 106 or a decoding section 107.
| Before being fedirected, the data ﬁacket
information is interpreted and the header information
is parsed by the packet stream registration section 105.
25 Data packets which need to be compressed are compressed
 based on information specified by a protocol layer
management entity 111. Data packets which have passed

through different protocol layers and include a



Before being redirected, the data packet information is interpreted and
the header information 1is parsed by the packet streamregistration section
105. 25 Data packets which need to be conpressed are conpressed based on
information specified by a protocol |ayer nmanagenent entity 111. Data
packets which have passed through diff¥®rent protocol |ayers and include a
13 conpressed or unconpressed header need to be processed, and they are
directed to the encoding section 106 or decoding section 107. The path for
the PDUs $9WP rEcih @t ohR afBPdEconpAeiereR i netlte o Sescoderessedhe 5
bidirecti onﬁl ath 108 which traverses through the packet stream
regi strat3®n $8@Y AT 081 Fet FHt &K dclke | RAFEAIE by efdficent 8 6nwrer al  116.
is al so known as a datg.pl ane %ntergace and is defined as header
i nf or mat i YACBPICSE F S HEEL UM © 7 headBf F5§hf 5P Fatiloh BRPWediPE he nul til ayer
header transcoder 102 agd a multilayer protocol stack 101. The interface
116 is JsHBPIE SHL Yat R ATORRY 88ipPds s Tarid ek bApred peadisr the
i nforpati.on..An i.nterface |j dlln ted b% ref erence _ nuneral 115 functions as
an | nber ARG PG TSP 1P 8% 1T QP ok P0 b & b ABIBs g aRdet
deconpr essi f _ header _i.nformatiqn.. Th][e ‘Lnterface 115 is known as a
control pﬁs%]%galglntreei'qe%% o &la(?rllo%ef:%émd}o %éol | ayer  managenent entity 111
to control and r i pate Pk j f Qe r information. 20 e data
pl ane i nt erfaceﬁ%G I's e e&gp o§§?& ?(?/p% S numer.af 118
is also known as a data plane interface and is defined
as header information protocol data unit header
10 information between the multilayer header transcoder 102
and a multilayer protocol stack 101. The interface 116
_ ilsusedas thedataplane to compress and decompress header
information. BAn interface indicated by reference
numeral 115 functions as an interface for control
15 information to enable compression and decompression of
“header information. The interface 115 is known as a
control plane interface to allow the protocol layer
-management entity 111 to control and coordinate
cbmpressiqn of header information.
20 ' The data plane interface 116 is made up of two types
of data flows. That is, (1) an uncompressed PDU stream
and (il1) a compressed‘PDU stream. Uncompressed and
compressed PDU streams for the protocol layer are passed
throughtheprotocol layer I/F 104, input to themultilayer
25 header transcoder 102 and then redirected to a protocol
layer. Uncompressed data streams requiring header

compression will be compressed according to the encoding

section 106 and other control processes provided by the



of data flows. That is, (i) an unconpressed PDU stream and (ii) a
conpressed PDU stream Unconpressed and conpressed PDU streans for the
protocol |ayer are passed through the protocol layer I/F 104, input to the
multi |ayer 25 header transcoder 102 and then redirected to a protocol

| ayer. Unconpressed data streans requirily header conpression will be
conpressed according to the encoding section 106 and ot her control
processes provided by the 14 nulti.layer header transcoder 102. The

pr ot ocol Ia’%lltlllllf‘y%éilQ%d?ﬁéilffilﬁéﬁogteéfge%f c3Ms B 9d AL lgater St/ifam
nonitoring ?nd detecti on .ccarried out before the conpressed PDUs reached

t he designat@§ p}rsotibléﬁl ditatk shapgy &t q‘ﬁ’ép€8rﬁ5r%q1 PE¥neld i eptdeamis i s
made up of two es of data flows. That is a control information

flom1frmﬂtﬂ8nﬁF ¥ PRferdshfg émﬁuc%ﬁ¥9?§ PHﬁaHGf%FQ)t?%smt
information fromthe ayer ranscoder ~102. The contro
infornaﬂtn1??8ﬁ%ﬁﬁfgukg &xﬁe?ﬁssg d%%ﬁﬁﬁ@é%?@yp{PfQEﬂ#fﬁ PG t he
follomngg ffgg%& Structure Transcoder Control 15 { number of protoco

st acks; er of protocol stack for header conpression stack

glescr'ptlon, I QL OERL (P AEK, AERET G RY M QLT ERECSANLA b Ve, 29 ther eof
types of data flows. That is, (i} a control information
flow from the protocol layer management entity 111 and
(ii) result information from the multilayer header

10 transcoder 102. The control information from the

protocol layer management entity 111 can follow the

following format:

Structure Transcoder_Control
15 {
number of protocol stacks;
/* number of protocol stack‘for header compression-*/
stack description;
/* protocol stack description or representatives

20 thereof */

_}.

In order to perform a new stream session for the

data packets with compressed header information, the

25 encoding section 106 executes the encodingprocess. The
~ packet stream registration section 105 is requested to
transmit an internal signal so that a unique session used

aspartofcompressionofheaderinfermationbythesession_



} In order to performa new stream session for the data packets with
conpressed header information, the 25 encoding section 106 executes the
encodi ng process. The packet streamregistration section 105 is requested
to transmt an internal signal so that a unique session used as part of
conpression of header information by tige session 15 context |D nmanager 112
can be used through the single path indicated by reference nuneral 108. In
t he decoding process, the packet streamregistration section 105 ‘
redirect scehéexdt ol Babkateg g it bl depedd e whedpridtiozobhs thayes i hiE €104 and
their header information to be deconpressed are passed to the decodi ng
section. PEhthediegmredieicindg cnfcomiested Wa8a i hhorhatdonoditract ed
fromthe nultilayer protocol stack 101 and processed by the encoding
section Jlb%oﬁﬁésdecJ%g?né’asCé%ﬂoﬁtI@?Har%qusltétﬁﬁh@d £6 cdaletin pidtocol | ayer
for processing by each protocol |ayer, The process of acquiring packet.
header iR 91A&G oh bReedakad®es ket nEeagiRamieedr atotdle PayeEocadd t he

process of returnjng is ipformation are performed by the protocol |ayer
|/ F 1084. 11%3’??5612)%%&2 é‘régn?]il@ﬁFa?‘ie&fg%Raﬂrﬁlfé’rd‘l‘th@n ff theayer "header -
transcoder 102 accordi,ng to an ehfEr];;)ogg' rreat of the present invention (in
F1G 2, hoWRyaRPT QRSEH Tt PAS 53T FAFer CRESIGHT Sesristeber Add Fhni ch

can be |qplenented(5n a ner al networ,k ggnfL%%g¥$gQiOZO I orderJ(N

ge
end- t o- end” Pr 6E5E0T ALY TRFPEP RS TaAngate 1 n extracte

from the multilayer protocol stack 101 and processed by
the eﬂcoding section 106 and-decoding section 107 are

10 returned to each protocol layer for processing by each
protocol layer. The process of acquiring packet header
information of each data packet from the protocol layer
and the process of returning this information are
performed by the protocol layer I/F 104.

15 ' FIG.2 shows a configuration example of the
multilayer header transcoder 102 according to an
embodiment of the present invention {(in FIG.2Z, howeVer,
described as “multilayer header transcoder 202”) which
éan be implemented in a general network configuration.

20' In order for end-to-end protocol data units inciuding
compressed header information to be éxchanged between
‘any two nodes in the network, a source node 203, a
destination node 208 -and an intermediate node 207 are
required to be able to perform short header information

25 . processing indicated by reference numeral 201. Befbre
the protocol data unit reaches the destination node 208
from the source node 203, the protocol data unit needs

to pass'through a plurality of intermediate nodes 207



conpressed header information to be exchanged between any two nodes in the
network, a source node 203, a destination node 208 and an i nternedi ate
node 207 are required to be able to performshort header information 25
processing indicated by reference nuneral 201. Before the protocol data
unit reaches the destination node 208 fAé&mthe source node 203, the
protocol data unit needs to pass through a plurality of internedi ate nodes
207 16 provided, with shaort header. information processing capabilities. A
transmi ssi of Tfett ﬁ#mﬁ}éﬁ PRETHr R8P ddtEPTmAL ledy BECGeWSid ®ss medi um
or wired medium, T Short header information processing apparatus 201

capabl e 5 of- 3t ﬁgé“c?esr' i it SRR FBA SFASTe IS HF I & Comsk th& Bgotgrcal

generic protocol stack and a protocol |ayer managenent .entity which can be
connect ed t &3 it ar{}%?{d%%a%é’flr?&&ﬁssc%‘ﬁéjr%ﬁ. FHE T RfePPaddThet wed® t he

protocol | oiilor £UANE, TWALLEYEL hepder Laneooder, 202,15 daia plane 10
COTSSPaN B 1) PE0k Ak LA¥ST o T1GPLOLOCRL SLACK J MEL L3R 23
S S O B e LR e
o omen o R B SR & 35CBE hbtea 5 gompResad hgaden Sighanger
the sessiontei£xéakPBOAYEr The interface between the protocol layer
and the multilayer header transcoder 202 is a data plane
10 interface 204, where header information is retrieved and
inserted into the corresponding protocol stack layer.
The protocol stack layer requires header compression and
decompression. The interface provided for the protocol
layer ﬁanagement ehtity of the generic network node is
15. =& coﬁtrol rlane interface 205.
FIG.Bshows1ﬂuaembodimentcﬂfthépresentinvéntion
when a session is carried out on a compressed header
exchanged between two network nodes. The execution of
thesessionisdeterminedbythesessioncontextIDmanager-
20 112. This is also based on control information which is
| received from the protocol layer management entity 111
through the control plane interface indictedby reference
~numeral 115. AsessionperiodSOlisgeneratedbysending
a session frame 311 to a destination node to indicate
25 the beginning of a protocol data unit including a
_.compressed header. This_session frame, that is, an

indicator can be piggybacked onto an existing protocol

'data unit. The session frame is generated by only a



20 112. This is also based on control information which is received from
the protocol |ayer managenent entity 111 through the control plane
interface indictedby reference nuneral 115. A session period 301 is
generated by sending a session frame 311 to a destination node to indicate
25 the beginning of a protocol data unif including a conpressed header.
This session frame, that is, an indicator can be piggybacked onto an
exi sting protocol ., data The sessiog Irane iﬁ,generated by only a 17

h

it.

t r anscoder T58F T %€ e SF(%?rloecgﬂhEi RF&SEnP int p¥efnEPastt &% th&y B tdot he

[til I ki usi d. head i nf ti int
orotocol GENE b R aEll Y < PR EP 1 o Ao d Ty B O RRA S5 S | y

t th .| L i head to, th t I
£ O R B RS,
eader |nfo Syfieq (i Bt r 3% £33t iy 1S Indi

bilith LRSS | fR bE eas Tl sE' tRECHI R an b

CCECUREA 101 RSP R Bl L, FESLAES » AR AT S
carried out oﬁﬂi e addregs Field, oﬁ%ro? fleléﬂ%néxéﬁ%erépoP 8 . This

capabi |l i ty fdeld,;ean be used for future extensions of header information
15 enbedded in the PDU protocol stack to use a different control nmechani sm

in the future. Fgtthery®s epehhaiapdess kRO g 304, @hs9ohe i g
pi ggybacked onto the existing protocol data unit of Fhe prot ocol stack
fromwhi chnii®cated, a header Info Sync (information
synchronization) 304 is sent to indicate capability.
10 This capability includes types of compression which can
be executed within the session period. It also includes
tyvpes of compression carried out on the address field,
control field and others of a PDU. This capability field
can be used for future extensions of header information
15 embedded in the PDU protocol stack to use a different
- control mechanismin the future. Furthermore, the header
Info Sync 304 can also be piggybacked onto the existing
protocol data unit of the protocol stack from which thé
multilayer protocol layer header information starts.‘
.20 All data PDUs and PDU fragments are separated by

inter—-frame intervals 309. The structure of a session

frame (Sess Frame) 311 is as follows:

Structure Sess_Frame
25 {
SessHF:ame control data type:
/% bit format to indicate Sess_Frame */

frame period;



mul tilayer protocol |ayer header information starts. 20 All data PDUs and
PDU fragnents are separated by inter=frame intervals 309. The structure of
a session frane (Sess Franme) 311 is as follows: Structure Sess Frane 25 f
Sess_Franme control data type; /* bit format to indicate Sess Frame */

frame period; 18 /* session period in udi® of second or other
representatives *1 capability-information /* conpression capability types
*/ 5 ) The ﬂp;nat of .t he heagder, I.nfo S¥ECHéO4 i ncl udes the follow ng:
Thatis, informatiohStRE Rrbe? dof FroMt t Fafds S 020 PdgrihR&d TDM frane

group, the quggé§%%ﬁ%§%es or ,10 period between the header Info Re-Syncs

(i nformation T &% o ) . 306, nunber of protocol data units that

can be fragQﬁgégﬂilggﬁgpﬁﬁ%89n§ﬁﬂf§ﬁsed by the nunber of bytes or tine
~_Franes 1

bet ween Sess , §essioncontéxt |ID group which is a unique nunber

generated an mnqggﬁg Yo, i h A o] t_ 1. D, manager and cont ext
strean1fie|d9. A Ses féggﬁé”%s§%§§%ﬁ*€?%ﬁe?&$ﬁﬁicaéed by reference nunera

310 is uged yo mark the end tine of the session period. It also indicates
t he begi nning of the next session period 301. The Sess_Frane formats for

t he

The format of the header Info Sync 304 includes the
following: Thatis,informatiqn,thenumberofTDMframes
303, fragmented TDM frame group, the number of bytes or

10 period between the header Info Re-Syncs {information
resynchronization) 306, number of protocol data units
that can be fragmented, the period expressed by the number
ofbytescn:timebetweenSess_Ffames311, session context
ID gréup which is a unigue number geﬁerated and managed

15 bythesessioncpntextIDmanagerandcontextstreamfield.
A Sess_Frame (session'frame) indicated by reference
ﬁuméral 310 is used to mark the end time of the session
period. It also indicétes the,beginning of the next
session period 301. The Sess Frame formats for the

20 lbeginning and end of the session periods can be similar

| ~toor different from each other. A format example of the
header Info Sync 304 is expressed in a structure format

as followsf.

25 StructureHeaderInfoSync(informationsynchronization)
{ .
header Info Sync'contf61 data type:

" /* bit format to indicate header Info Sync frame */



20 begi nning and end of the session periods can be simlar to or different
fromeach other. A format exanple of the header Info Sync 304 is expressed
in a structure format as follows: 25 Structure Header Info Sync
(information synchroni zation) { header Info Sync control data type; /* bit
format to indicate header Info Sync frage */ 19 nunber of TDM franes; /*
nunber of TDM frames between two Sess Franmes groups of fragnented TDM /*
nunber of allowable fra nented TDM frames within 5 session period */
header InPBmﬁE”Sy%E CiOHF of FafieSH resynchroni zation) interval; /* m ni num
duration n?gsured in se onds or bytes between header Info Re-Syns 10

gr oups of rag DM hRB resofbeatFW%%blté‘J@r%gﬁéntFétBIP@EJ frames
within session p * ] ses sion period; /* total session period 15
sessi on cInCSRS | ?ﬁf&gﬂ?m?n ﬁ@u Niy of unique IDs for data delivery to
di fferent estln tion d Ent%gt stream . /* header information of
mﬂtilayer of Bp (ﬁxﬁ =) wab ragmented TDM frames within

5 session period */
header Info Re~Sync (information resynchronization)
interval;
J* ndnimumdurationmeésurédinsecondsorbytesbetween
~header Info Re-Syns */
10 groups of fragmented PDU;
/* number of allowable fragmented PDU frames within
seésion period */ |
session périod;
/* total session period */
15 session context ID field;
/ * pluralityofunique IDs fordatadeliverytodifferent
destination nodes */
.context stream:;
/* header information of multilayers of protocol stack
200 %/
}.
After the header Info Sync 304 is trénsmitted, data
. may be exchanged between a source node and various
destinationnodes. Datatransm1551onmayhavetheformat
25 of the TDM frame 303 and data 305 of a PDU containing
compressed header information. A frame period between
any two Info Re—-Syncs 306 or a period between one frame

of the header Info Re-Sync 306 and header Info Sync 304



20 */ } After the header Info Sync 304 is transmtted, data may be
exchanged between a source node and various - destination nodes. Data
transm ssion may have the format 25 of the TDM frane 303 and data 305 of a
PDU contai ning conpressed header information. A frame period between any
two Info Re-Syncs 306 or a period betweenOone frame of the header Info

Re- Sync 306 and header Info Sync 304 20 is naned "subsession period 302."
Wien the header information is danmaged seriously due to a | oss of data,
the error caf BeRRfAt aSVEF SFERPR PShbPE pod-od dthennehenyre®desubsessi on
period. Alsg, this assists in 5 inplenentation of effectjve conpression.

The header *PARFHRLEPRC 150652 FDNsTFHLLEF of UhE gue RoheF8I °dafigdtaypes
to indicate hhe header | nfo Re-Sgnc 306 a some of gll opher &j |.ds of
the header FRFoSEFRT SR DGR Ak es0Y 0r B bR T PR WPR € ngrlé%%ed

header 10 efragrrentedinto a.éra nted, TOM frane 313 and a

fragnent ed %[]J_ %, SY §ﬁ§c§%%l9?rﬂ% TOM P8me ?Esﬁrﬁ PEY payl oéds
compresood maktsirehsRE it GEP LT e, BTl SRk 313 érdad |
xampl e of TREThasticr TP6r net il o S67a0 khare! T UPe Y0 e HRa te AN
types to indicate the header Info Re-Sync 306 and some
of all other fields of the header Info Sync 304.
A TDM frame 303 or anormal PDUwith compressed header
10 can be fragmented intd a fragmented TDM frame 313 and
a fragmented PDU 314, respectivély. The TDM frame 303
ishanyPDUpayloadsconcatenatedwithoutbeingsepafated
by inter-frame intervals and with one compressedﬁheader.
Theheadersoftﬂu&data3055nuiPDU312includésubsession

15 subfield IDb and sequence control. The following format

is an example of the header format indicéted as ch3lé6:

ch
|
20 c¢ch control data'type;
/* bit format to indicate‘beginning ofﬁnndor PDU frame
'.*/ 7 .
Subsession subfield ID:
/* address field to indicate final destination node
25 transmitted within session period */
sequence contrgl fields;
/* control fields to control sequence of TDM and PDU

for data streams to specific destination */



20 ch control data type; /* bit format to indicate beginning of TDM or PDU
frame subsession subfield ID, /* address field to indicate final
destination node 25 transmtted within session period */ sequence control
fields; /* control fields to control sequence of TDM and PDU for data
streans to specific destination */ 21 2} In the fragnmented TDM frame 313,
two types of fragnmented PDU header information to indicate the beginning
of a fragmented TDM sessi on and subsequent TDM 5 session. That is, (i) Th
307 and (i) Fh 308. The following is an exanpl e of header format about Fh
308 and Th 307 Th 10 { Th control data type, /* bit format to _indicate
begi nni ng of ThiPDHh&ubEasTedhadbfPY £Yane/ 3 1addriede Eveled tdFi ndi cat e

final destination node 15 tr nsnixtgd wi t hin session period */ sequence

control fir&rgEmertedy iy hepgeds 1ot eERGT IO ehed®d igta DM PDU  for
d . i fi i i */ nb f f . 20 /* nb
data strears Lo peciiic festinall on L nuibor o, ({aqients; 20 I punber

5 session. That is, (i} Th 307 and (ii)}) Fh 308. The
following is an example of header format about Fh 308

and Th 307:

Th
10 {
Th contrel data type:
/* bit format to indicéte beginning of Th PDU */
subsession subfield ID;
~/* address field to indicate final destination node
’15 transmitted within session period */
sequence control fields;
/* control fields to control sequence of TDM and PDU
for data streams to specific destination */
number of fragments;
:20 /* numbe: of trailing fragmented Fh header PDUs */

)

fh
.{
25 fh control data type;
/* bit format to indicate beginning of fh PDU */
sub-fragment sequence number; |

/* fragment sequence number */



} fh { 25 fh control data type; /* bit format to indicate beginning of fh
PDU sub-fragnment sequence nunber; /* fragnment sequence nunber 22 } In the
case of the fragnmented PDU 314, the first fragnented PDU i ncludes a header
Ph 315 followed by the 5 trailing fragments with fh header. The header
format of the Ph 315 is as follows: Ph 2§ 10 Ph control data,type; /* bit
format to indicate beginning of Ph PDU subsession subfield ID;, /* address
field to indicate final destination node transmtted within session period
*/ 15 sequence control fields; /* control fields to control sequence of TDM
and PDU for data streans to specific destination */ nunber of fragnents;

[* nunber of trailing fragnented Ph header PDUs 20 } In order to conpress

header information suitable for_multilevel protocol data |ayers, FIG 4
shows a basic In the case of the fragmented PDU 314, the first

fragmented PDU includes a header Ph 315 followed by the
5 trailing fragments with fh header. The header format of

~the Ph 315 is as follows:

Ph

{

10 Ph control data, type;

/* bit format to indicate beginning of Ph PDU */

subsession subfield ID;

/* address field to indicate final destination node

transmitted within session period */
15 sequence contrel fields;
/* control fields to control sequenée of TDM and PDU
for data streams to specific destination */
number of fragments; .

/* mnumber of trailing fragmented Ph header PDUs */
20} ,
In order to compress header information suitable

for multilevel protocol data layers, FIG.4 shows a basic
method for generating a unique representations by the
-25_ session context ID manager 112 of FIG.1. An example.of
‘generating a session context ID is shown in FIG.4. Here,
.é case where the header is compressed in three levels

of protocol stack, that is, the Mth, (M+1)th and (M+2)th



met hod for generating a unique representations by the 25 session context ID
manager 112 of FIG|. An exanple of generating a session context IDis
shown in FIG 4. Here, a case where the header is conpressed in three
| evel s of protocol stack, that is, the Mh, (Mtl)th and (Mt2) th 23
| ayers will be explained as an exanpl e23In the follow ng explanations, the
Mh layer is called "layer M, the (M) th layer is called "layer Mt1"
and the (Mt2) th layer is called "layer Mr2." 5 The protocol |ayer
(1 ayer M2} 2Mach WisL ke ep laierd aasmepapmhd. 402n The hehdlewing
information for the protocol stack layer, that is, the bottomlayer in
this casB*Pdamatiapsr Mheh¥treakRyetni6r mml badof liwee MIaydise t hat
is, Mh Igﬁer, éﬁﬁi&th“la%er and (Mr2)th 10 | ayer in this exanple is
regi st er ed™py )¢ ¥hath HFaheeAhebyBe it br nakflobhef (Mhe) Mhhlpaeer
(Mtl)th |ayer nlg (\W2)th layer. Therefore, the protocol data unit from
the |ayer™h &éﬁ efed Py S heMidl (i | ayer header transcoder 102 side through
t he protocol Ia§§r |/ F,_104 his a f?gnat 15 in which the header information
of thd layer M22SHREAEPCIIntBY Rt il SAYSE ¥ha) I erhvia theitiogadayer
i nformati of . the.,l ayer (%are oncatepnated to the payload of the |ayer
m+2. The lﬁggdear BAY6PAS i Th: of ?ﬁg ﬁ]u.ﬂatcpefﬁyépfﬁrr&’t%fcgp% F®StERR 101 in the
protocol gdata uni{ %ggf g-th bawve._- descr'ged format is conpressed by the
encodi ng Igect ‘%on” 1 .b:%b%%ygeplg’c%?%gljrfﬁ t %?83506?1 i veEs Pngﬁil§
: case is the layer M. The header information of three
layers, that is, Mth layer, (M+1)th layer and (M+2)th
10 layer in this example is registered by concatenating the
header information of the Mth layer, (M+1)th layer and
(M+2)th layer. Therefore, the protocol data unit from
the layer Mextracted to themultilayer header transcoder
102 side through the protocol layer I/F 104 has a format
15 in which the header information of the layer M+2, header
information of the layer M+1 and header information of
the layer M are concatenated to the payload of the layer
M+2.
The header information of the multilayer protocol
20 stack 101 in the protocol data unit having the above
 described format is compréssed by the encoding section
106. More specifically, compression processing is
applied to the header informationof the layer M+2, header
information of the layer M+1 and header information of
25 the layer M, respectively. The header informationof the
j.respectivellayers subjected to compression proceséing

is concatenated, and thus a compressed header 405 is

generated.



applied to the header information of the |ayer M+2, header information of
the |l ayer Mtl and header information of 25 the |ayer M respectively. The
header inf ormat jon of the respective |ayers subjected to conpression
processing 1is concatenated, and thus a conpressed header 405 is

generated. 24 Furthernore, informationzn a schenme for conpressing header
information (e.g., address information of the bottomlayer of the nulti

| ayer protocol stack.being used, how header information is conpressed 5
for each |ayer, drdrtherndesd, i $ndatrteredohntom e conbamenafong process
section indicated by reference nuneral 402. Then, the concatenating
process sect?PBRYEGE 1ogebgtaket henéondwtehani ng -[r ocesddard £ he header
information after the concatenating process finally 10 becones a session
context | D Wpiowmiadhi 9rrieEBRtROEREM hergEro | iber malitdd avepPesst @aodcheme
using a single _unique expression or nunber. The session context |D 401
gener at ed iStRRkePEed § Nt 98  sBOM Hif ADBT bEREPEMAEl OB oHPr ESTRF h2ad6r 405.
Then, tge gﬁg?ress d protocol 1 dgta unit and session context |ID 401
gener at 8d i thf&c %RE 1 & nkBSt &R mift ey prloted® Rtack 101
side through the protocol layer I/F 104. Then, the c ressed protocol .
data unit iCREALAELEDEIPEASRRER SRENk hBddSa ?ﬁ@rﬁﬁﬁ?F?ﬂSeéession

context | Diflo2212¢69" 91 49,10, LHE SOMMUNSAN! AN R85 a0, RL R 0G0 Wbt N
executes the concatenating process and the header
information after the concatenating process finally

10 becomes a session context ID 401 which represents the

"header information compression scheme using a single

unique expression or number. The session context ID 401
generated ié inserted into a section 403 before the

compressed headexr 405. Then, the compressed protocol

15 data unit and session context ID 401 generated in this

way are returned to the multilayer protodol stack 101
side through the protocol layer I/F 104. Then, the

compressed protocol data unit is sent/received between

network nodes together with the session context ID 401

+ 20 @ according to the communication session explained with

reference to FIG.3. -

That is, at the network node which has received a

' compressed protocol data unit, an index is added using

the session context ID 401 acquired during the session

25 period during which the profocol data unit is received,

and a context stream 406'with the header information of

the layer M, layer M+1l and layer M+2 is thereby formed.

In this way, the compfessed header 405 is decompressed.



That is, at the network node which has received a conpressed protocol data
unit, an index is added using the session context |ID 401 acquired during

t he session 25 period during which the protocol data unit is received, and
a context stream 406 with the header information of the layer M |ayer Mtl
and layer M+t2 is thereby fornmed. |In thiss way, the conpressed header 405 is
deconpressed. 25 The context stream 406 forns one of the fields of the
header. Info Sync format. Incidentally, when the nmultilayer header

t ranscodeTha 02odécxiprebsesma 41 ot boohsdatree UNEt tiiet hf 1 bBdgomy esgad 5
header 405 and payl oad 404, the protocol data unit is extracted to the

mul ti | ayeh ard@sr IiykmsEvder fr@natde through the protocol |ayer |/F 104,
whereas the session _context |D 401 corresponding to the protocol data unit
is acquired by tRCk@sstad labnvarn iDe maraget a $82 i da deght 8nishe ¢ ot ocol

| ayer 1/F_104. Then, the decoding section 107 deconpresses the conpressed
header 403 AsARF IMRT eEEGS aéar@gggiodnd@@m extl tI @i 481t hFheodpeenps edsed

pr ot ocol gata unit is returned to the multilayer protocol stack 101 side
through t RE3HSE 08815 122 rPR¥ECEGY. A4, HEhe, fhetsesdi ata tantevtt |Ds401 to
be genera be explained in further detail. However, forclarity of

explanati%%%%%%tggetg & Rt hilpyes haatdepr bressicodeackd? edohe
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‘context ID 401 corresponding to the protocol data unit
isacquiredlnfthesessioncontextIDnmnagerll2through

10 the protocol layer I/F 104. Then, the decoding section
107 decompresses the compressed header 405 using the
acquired session context ID 401. The decompressed
protocoldatalnﬁjzisreturnedtxnthemultilayerprotocol
stack 101 side through the protocol laver I/F 104.

15 Here, the session context ID 401 to be generated
will beexplainedin furtherdetail. However, forclarity
of explanation, suppose a case with three'level.protocol
stacks, each protocol layer having five header
compression schemes (that is, five types of session

20 _context). ‘Expressing‘five sets of header compression
'schemes requires three bits. If an emphasis is laid on
compression at a single iayer as the prior art, 3 x 3
= 9 bits must be used. On the contrary, when the session

| context ID 401 is used, the sessioh context ID 401 alone

25 can represent multilayer header information compression
‘schemes, and therefore 5% = 125 combinations can be
represented using only 6 bits. |

Furthermore, the session context ID manager 112



schenes requires three bits. If an enphasis is laid on conpression at a
single layer as the prior art, 3 x 3 =9 bits nust be used. On the
contrary, when the session context 1D 401 is used, the session context ID
401 al one 25 can represent multilayer header information conpression
schenes, and therefore 53 = 125 conbi nat £8ns can be represented using only
6 bits. Furthernore, the session context |ID manager 112 26 detects

di ff ' ti ' ded_ in a pl lity. of t I
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t ai PDY, st : I f i 5 _detecti 5 when it i
ot oot 60 thal Chero e e Bt PFePanee Grone Rediat SPni 6 14t  oF A he- Sessi on
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the plurality of protocol data units becones 't he oné respon

precedi ng peoIOGHlr dahatenie AR 10 ABCLELUG 1L b BhsQ RASSERLS L

control so as to prevent Its transm ssi on. rences anong

header imf ol ot My dhe: Lot eat et Al thee rRehiar & O gkl 4,086 SERY Y
context 1D 401 is generated. Especially in the case of before 15 the

sessi on conhexlddd #tcirmgensnat ehe thesdibherencesxneasd 191be detected
for each layer of the nmultilayer protocol stack, but the range of the

di f f er encescba res p drtidate d dadoaesubsBrldiain t andotbe gir ehabi | hhY tt bate t he
header information may be decided to be the sane wll L
of the plurality of protocol data units becomes the one
corresponding to the preceding protocol data unit, and
10 therefore it is also possible to control so as to prevent
its transmission.

The differences among the header information may
be detected either before or after the session context
ID‘401 is generated. Especially in the-case of before

15 thesessioncontektIDtﬂn.isgenerated,thecﬁfferenceS”'
need to be detected for each layer of the multilayer
pfotocol stack, but the range of the differences to be.
detected becomes smaller, and the probability that the -
header information may be decided to be the same will

20 increase. Thus, when it is detected that there is no
~header information difference among a plurality of
pxétocol data units, it is possible to omit traﬁsmission
of the session context ID 401 corresponding to the
subsequent protocol data unit, and therefore it is

,25 possible to further reduce the time and bandwidth used
- for a communication session.

F1IG.5 shows how the header information of a specific

protocol layer is used to form the compression (Comp)



20 increase. Thus, when it is detected that there is no header information
difference anong a plurality of protocol data units, it is possible to
omt transm ssion of the session context ID 401 corresponding to the
subsequent protocol data unit, and therefore it is -25 possible to further
reduce the tine and bandwi dth used fof7a comnunication session. FIG5
shows how t he header information of a specific protocol layer is used to

formthe ¢a essi (:Co 27 _ header ,405 in the present invention. The
header c%%ggﬁgi3?%cﬁ%gfﬁﬁnﬁﬁﬁﬁ%ﬂFa%nyﬁ?qiﬁ$’heéggrnﬁﬁ@?g as foll ows:
5 Structur header nunber,.of .| avers;.{* numnber of  prot |, | ayers
bei ng conﬁ%gggggsgﬁcgﬁé?%rm%ﬁtﬁggﬁgﬁﬁg? T%SIKQFOEPHH?é%?%dngégggll?ayer

W th headgg Hﬂ%figﬁ%hon change */ conpressed head stream /* changes in
conpr essed "header of ‘protocol layers */ } 15 The header infornmation of the-

PDU used to exchange data with another |ayer entity of the sane protocol
| ayer wi thin each protocol |ayer has three basic fields. That is, (i)

addre f%@fﬁcéiké thEQ@%&Ol field and (iii) sequence control field.
The address fie % I's converte

{

number of layers;

/* number of protocol layers being cdmpressed */
layer with change;

10 /* to indicate protocel layer with header information
change */
compressed head stream;

/* changes in compressed header of protocol layers */
}

15 The header information of the PDU used to exchange
déta with another layer entity of the same protocol layer =
within each protocol layer has three basic fields. That
is, (i) addreSs field, (ii) packét control field and (iii)
sequence control field. The address field is converted

20 to an address 1ID 5C2 thch can be one of the following

. - data field types. ‘That is, (i) session context ID 401,
(ii)fulladdressfieldintheaddressfiehﬂattheinitial

. header 501 of a packet data unit, (iii) null field
‘indicating that the address field is indicated by an

25 earlier PDU. The packet control field at the initial

|  header 501 is convertéd to a Change field 503, and the
change is indicated in the field. When'there is no change

- based on the previous PDU, anull value is used to indicate



20 to an address | D 502 which can be one of the followng data field
types. That is, (i) session context ID 401, (ii) full address field in the
address field at the initial header 501 of a packet data unit, (iii) nul
field indicating that the address field,s indicated by an 25 earlier PDU.
The packet control field at the initial Header 501 is converted to a
Change field 503, and the change is indicated in the field. Wwen there is

no change basgd @hddle peewbous FitL a bl YAlus 155 ussdl ol nd; cat e 28

that there is no change. en there 1s sone change,

used 10 | ndigpt@chiyd ChangRel nd hes ATk fOILLEL Wil denlG SeAyenge

control field at the initial header 501 i's convert

5 and the changselsscbated ot {oiradi f igkencquLn dalius: Pases; -om Lheyhast

transmtted PDU. The operator indicated by  reference nunera 6 i s"used
to concatenatei thel1adtiegsr 5R1502; Shares fdel 4,503 [?enﬂig)ekﬁ%lf et 4504 to
pac

forma conpressed header stream 505. 10 When a data et is deliveled

bet ween BWo NedWliK ci@dge MBeseskless t15e i t PESIRM Al va0dee ks Db yeen,
the protocol |ayer at the bottomlayer of the nmultilayer protocol stack

can be fragrantieile Fh&:6tshousnibeederbudi mene $ov 260ROWNIY SAVEJLBE bi t
rate and how the 15 header is conpressed to inprove the throughput. A data

payl oad 601 resféragmennechd ndd 5D6el & hegedre fdagrenbac t PRUHQHdres s
Fragnmentation is often applied to inprove the success rate of transm ssion
with wrel essdned2a ¢hemgye _field 503 and Delta field 504 to form a

compressed header stream 505.

10 When a data packet is delivered between two network
nodes where there is no intermediate node in-between,
the protocol layer at the bottom layer of the multilayexr
protocol stack can be fragmented. FIG.6 shows the
embodiment showing how to save the bit rate and how the

15 header is compressed to improve the throughput. A data
payload 601 is fragmented into more than one fragmented
PDU 602. Fragmentation is often applied to improve the
success rate of transmission with ﬁireless media where
atransmissionmediumis shared and almost no coordination

20 ~is made among transmission stations that share the
transmission medium. These fragmented PDUs 602 each

~usually have duplicated header information. To enable
header information of a single protocol layer to be'
éompressed, the first fragmented PDU in this process
25 includes a Ph header 603 and the trailing fragmented PDUs
| include an fh header 604. The final fragmented section
.605 includes the same field as the fh header.

Thus, according'to this embodiment, redundancy and



a transm ssion nediumis shared and al nost no coordination 20 is nade anong
transm ssion stations that share the transm ssion nedium These fragnmented
PDUs 602 each wusually have duplicated header information. To enabl e

header information of a single protocol |ayer to be conpressed, the first
fragnented PDU in this process 25 i ncl fdes a Ph header 603 and the trailing
fragnmented PDUs include an fh header 604. The final fragnmented section

005 oL udss ey sam 14 210,05 ddie (i sl ThUS, acrordhg o ni s

enbodi ment,” ‘redundancy and Irrel
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of the protocol stack I nprov n shor pr €Sen roves

the throu%@“ﬁh%}a??%@ﬁ £ORSYMRhEAN P OF ThE QYRLACAd RLL Lale, yi ch i's

an expensive co en transnission is carried out Using W teless

media. - THERIeEEh {iilyPBLIAN: REQH oS ABLAPRRAT UG, B0 B Baflo d AL

enables the nultilayer protocol stack tTo us conpress

makes 5t pgsghil @vt&H@Qacsifthsae\ée&ﬁhL:hl@sogﬁrQﬁg%rpéivéaésmﬁxg)%ﬂ rove
the overall throughput for a network node. Furthérnore, according to this

enbodi menyyh drher # £93RY s 8 0COL 8haek ANG YL k gN9de- « AR sUSE dleader
conpression wi thout nodifying the control mechani'sm of the existing

protocol shackrdsehbeinardrl 16n0Hrbke dds neh Wobkarddtih s SXHN 8B NG 4
difficult to exclude an existing protocol and system and introduce anew
system whiath eslahil €s bieh avioi Ued 1 aand- therted epe sha 0% Bisld header
compression. -This makes it possible to reduce the overall
i0 overhead bit rate and improve the overall throughput for
a network node. Furthermore, according to this
embodiment, the legacy protocol stack and network node
can use header compression without modifying the control
mechanism of the existing protocol stack. In the world
15 of the IP network, it is extremely difficult to exclude
anexistingprotocol andsystemandintroduceanewsystem,
.which should be avoided, and therefore the pdssibility
.ofaddingﬂnlaheadercompressionfunctionwithouthaving
to re-implementing a protocol is a great merit of the
20 present invention.
This application is based on the Japanese Patenf
Application No.2002-234043 filed on August 9, 2002 and
the Japanese Patent Application No.2003-289974 filed on
Augus? 8, 2003, the entire contents of which are expressly

25 - incorporated by reference herein.

- Industrial Applicability

The header compression/decompression apparatus and



of addi ng-on a header conpression function w thout having to
re-inplenmenting a protocol is a great nerit of the 20 present .invention.
This application is based on the Japanese Patent Application

No. 2002- 234043 fil ed on August 9, 2002 agﬁ t he Japanese Patent Application
No. 2003- 289974 filed on August 8, 2003, "the entire contents of which are
expressly 25 incorporated by reference herein. Industrial Applicability

The header gQ/m &8 ol decQIRRASL EBNRRRAI &1 U3 Nl 3 o Deadar Gorprassi on/

deconpressi on nethod according to t present 1 nvention has a ect of

i nproving t ke oyehal invERrquahmds ofn e dai ti4 %jgr&{r% %e%%krﬁas
network nodes and is useful in a comunication systemthat supports a
mul tilayer prt®Oeghpatack tle Mhatins WRigeetbeo1l s brader @Ry essi on
apparatus used with a node 5 apparatus to transmt a protocol data unit on
a multilayehodd 9beeol s stsacku 1 GONRIHSmgh i @ a&AMH 89St $eGH 84 ts
conpresses at |least one of a plurality of header information that are
includedsinat healpiohgea whadBounilt shgdckhat correspond to a plurality of
10 layers of said protocol stack respectively using at |east one of a
plurality of conpression schenes; and a generation section that gathers
conpression schene information about how said plurality of header

i nformation ' '



are each conpressed by the conpression section and 15 generates
identification information that represents said conpression schene

i nformation using a single unique expression or nunber. 2. The header
conpressi on apparatus according to claim1l1l, 20 wherein: the conpression
section generates a conpressed header 5,0f the protocol data unit by
concatenating the plurality of header information that are conpressed; and
the generation section inserts the identification 25 information in a
front section of the conpressed header. 3. The header conpression
apparatus according to cIa|n12 further conprising a detection section
that det edtety ig&tiRdaR alﬁlurallty of conpressed headers included 30
respectively in a plurality of protocol data units on said nmultilayer
protocol stack which belongs to one protocol data unit stream 32 wherein
when sai d Hetfediciogiers compgasddrncappahatus heyasl ivsl tio adinoider ence, sai d

gener gl on LA B! {98HRr: 6001 L0k sUeh HAt I Aend LogLhgn, LoLer maton

correspon to subsequent prot a uni ts of said pIura y of 5
pr ot ocol cbnqtqmmltstasknotompamsnngted 4. The header conpression apparatus
of claim3, wherein the.detect tion detects the dlfference bet ween

on s
the plurality OFOFBHSFgéggdSﬁ%gﬁ% st f ST SGEn EattEf t16m€eRFi on
gener at es & haurdedtif bEaheadet Ni Of rhd ©Ion Thathekeaden ugeapt asshen
appar at us accordlng to cla|n12
protocol data unit and that correspond to a plurality of
10 layers of said protocol stack respectively using at least
one of a plurality of compression schemes; and
a generation section that gathers compression scheme
information about how said plurality of header information
are each compressed by the compression section and
16 generates identification information that represents said
compression scheme information using a single unique

exXpression or number.

Z2. The header comprescion apparatus according to claim 1,
20 Wherein:
the compression section generates a compressed header
of the protocol data unit by concatenating the plurality
of header information that are compressed; and
the generation section inserts the identificatién

. 26 information in a front section of the compressed header.

3. The header compression apparatus according to claim 2,
further comprising a detection section that detects a
between a plurality of compressed headers included

30 respectively in a plurality of protocol data units on said
multilayer protocol stack which belongs to one protocol

data unit stream,



further conprising: a first interface for exchanging said protocol data 15
unit with a processing entity that carries out processing for each |ayer
of said nultilayer protocol stack; and a second interface for exchangi ng
control information wth a managenent entity that manages said multil ayer
protocol stack. 20 6. A header deconprgssion apparatus used with a node
apparatus that receives a protocol data unit on a nultilayer protocol’
stack, conprising: an acquisition section that acquires identification 25

information, sajbdedentinfanCakianabpbot IGh i Sl L5 eRaddig r1gat her ed
conpression schene information using a single unique expression or nunber,
sai d conpr@¥ion ssélefe L ichraraat FaRd beemrrabom vk ipmperdiormy of header
i nformati oy tdal; ahen relyded i ps kE o) . i . hat
correspond respectively fg aQSPE%EF??gio fé%&ﬁ@?EE%Hléﬁgﬁ%ﬁgpgpgggr

prot ocol stackitmesiugatch peotrpredsédta ami 38 ofa sheichmnesdiiay sdécti on t hat

deconpr.es t. e one.of the urality. of header information based on
t he '3en§ﬁ%¥%§¥%b%%%ﬁfgp%39i5% %@%u ¥%EF@Et%%_u acqui sition section using
at |east one of a plurality of conpression 5 schenes. 7. A header

conpressiq? t hod inglenented upon transm ssion of a protocgl data unit
on a nulti’a3§¥5?ﬁ?gF cGPMBFSERI O PRARHIF Mmfiadihg:: wherein
the detection section detects the difference between the
plurality of compressed headers before the generation

10 section generates the identification information.

5. The header compression apparatus according to claim 2,
further comprising:
a first interface for exchanging said protocel data
15 unit with a processing entity that carries out processing
for each layer of said multilaver protoccl stack; and
a second interface for exchanging control information
with a management entity that manages said multilayer
protocol stack.
20
6. A header decompression apparatus used with a node
apparatus that receives a protocol data unit on a
multilayer protocol stack, comprising:
an acquisition section that acquires identification
25 information, said identification information representing
gathered compression scheme information using a single
unigue expression or number, said compression scheme
information being about how a plurality of header
information that are included in the protococl data unit
30 and that correspond respectively to a plurality of layers

_ of the multilayer protocol stack are each compressed; and



10 a conpression step of conpressing at |east one of a plurality of header
information that are included in the protocol data unit and that
correspond to a plurality of |layers of said protocol stack respectively
using at least one of a plurality of conpression schenes; and 15 a
gathering step of gathering conpressigs scheme information about how said
plurality of header information are each conpressed in said conpression
step; and a generation step of generating identification information that

represents sai th GRHUIRASIsGAosCheaeidh thAOrdaddirdiidid ad edgke uni que
expression or nunber. _ 8. _A header deconpression nethod inplenented upon

recepti on Yte Lpridtoedurddisyunft herdar it ermaterorpissscorn §hgck, the

met Nod Compidri G catd ot 1REBYMAL LOANSLEPr & BERH I NG Judentiibhcati on
information, said identification inforimation representing gathered

conpr essi ditEcifemasiimtoaall eaatushagef &imblealiny e coxpression or nunber,
sai d cgnpr&sal schene information being about how a plurality of header
30 information that are included in the protocol data unit and that
correspond respectively to a plurality of layers of the multilayer

pr ot ocol s}a9$ %J%ieacg coggrgssggé qﬁg 34 _a q§co ression step of
deconpr essing & E&s £OBRECTF LPRS I A TR AT d&°% nf or mati on based on
the i denttidarzatiisen onnbér AabirotoesTudded hyitsai Aequicsibiyer section using
at | east one of % pIurﬁIitK of conpression , 5 schenes.
protocol stack, the method comprising:
10 a compression step of compressing at least one of a
plurality of header information that are included in the
protocol data unit and that correspond to a plurality of
layers of said protocol stack respectively using at least
one of a plurality of compression schemes: and
15 a gathering step of gathering compression scheme
information about how said plurality of header information
are each compressed in said compression step; and
a generation step of generating identification
information that represents said compression scheme

20 information using a single unique expression or number.

8. A header decompression method implemented upon
reception of a protocol data unit on a multilayer protocol
stack, the method compriging:

25 an acquisition step of acquiring identification
information, said identification information representing
gathered compression scheme information using a single
unique expression or number, said compression scheme
information being about how a plurality of header

30 information that are included in the protocol data unit
and that correspond respectively to a plurality of layers

- of the multilayer protocol stack are each compressed; and



34

a decompression step of decompressing at least one of the
plurality of header information based on the
identification information acquired by said acquisition
section using at least one of a plurality of compression

schemes,



