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COVPRESSI ON/ DECOVPRESSI ON APPARATUS AND HEADER COVPRESSI| ON/ DECOVPRESSI ON
METHOD 5 Technical Field The present invention relates to a header

conpr essi on/ deconpr essi on apparatus and header conpression/mmmmMMMMﬁmMMn
met hod. 10 Background Art In sonme of the existing conpressi o]

data unit (PDU), primary inportance islgiven to conpression of Jsfdata
format in a single |ayer. One such technology 15 is the Int

r ot ocol
(I'P) header conpression where th s on the corrprsﬁM@M@ m
specific protocol I|ayers. Cbnpreggggﬁﬁg$+§8§der informatio ” or
prior art is centered on conpression of Internet protocol 20  *Goooo2+

st ackaddr esses. Conpressi bl e headers include TCP, UDP, |Pv4 and | Pv6 base

header and exieiisiRN gpﬂgg ¢ (hbtmork
Wrking & ou?c()I Requlgstc C%rérr%mprll\?[sDEN%Gggg\'F% é-igggep) or %$ packet s, the
Van addi ti onal nﬁ@ﬁ‘.ﬂﬁ&zﬁmcMPQ'ES'S‘WI@%’EEE%?}‘@E@%‘CI@N Qg ¥ fp W header

conpr essi on (Van Jacobson conpression) over 1ossy |1nks are al so descri bed.
For non- TCP packets, conpression slowstart and periodic refreshes mnimze
a period during which a packet is . r 2 discarded due to a loss of a
header tedchRlllcdicapselid s

The present invention relates to a header
compression/decompression apparatus and header
compression/decompression method.

10
Background Art

In some of the existing compressionof protocol data
unit (PDU), primary importance is given to compression
of a data format in a single layer. One such technology

15 1is the Internet protocol (IP) header compression where
the emphasis is on the compression of specific protocol
layers.

Compression of header information according to
prior art is centered on compression of Internet protocol

20 stack addresses. Compressible headers include TCP, UDP,
IPv4d and IPv6é base header and extension header (e.g.,
see “IP Header Compression” (Network Working Group
Request for Comments No.2507, 1999)). For TCP packets,
the Van additional mechanisms which improve the

25 efficiency of VJ header compression (Van Jacobson
comp:ession) over lossy links are also described. For
non-TCP packets, compression slow-start and periodic

refreshes minimize a period during which a packet is



context to be changed. There are hooks for addi ng header conpression
schenes on top of UDP, a . g . , conpression of RTP headers. 5 Header
conpression relies on many fields being constant or changing seldomy in
consecutive packets belonging to the sanme packet stream Fields which do
not change anong packets need not be tragsmtted at all. Fields which often
change with smal|l and/or predictable 10 val ues, for exanple, TCP sequence
nunbers can be encoded by increnenting the value by 1 at a tinme, and
therefore ididsapassad lwet®osi gnbskcamit byheaduoe thgrnysbey fabddsits
necessary for these fields. Fields which frequently or randomy change, for
exanpl e, checkster tot caehehthgatd on Mive dat arecedoke e rt AAASH § etk géhi n
every header. A general principle of header conpression is to occasionally
send a packsimp nelsidiony sichelire heatlerop Cofipy BEsed .keades Smpliets 868 o f
subsequently sent reference i the context established by the full header.
Furt her nor R TRohereeospr essed header may al so contain increnental changes
to the context. This header conpression schenme does not require that all
packets®in the sdiRaderesRIPRLS SGaN t he ldmmressadny nkiefid@eviee inign a TCP
stream the difference anobng subsequent headers can becone nore 25

i rregul ar &P % RheTdorF eSdizdio e Syl et Vedde. cThe esurt B¥pordiake TEP dat a
and acknomdedfnentrpa&regﬁggeed not traverse the link in opposite

di rect i ons P&t PREA LIS §EME BRSTRRS i Th 88Rene Fie ldaefmihigh do ot

first-hop links or last-hop links as | gs links in the m ddle of_ the

network. WIEHE PRy N Er HEHREPedE St FOhaditettEaPSak: tpdvartseathe | nk,
5 hoader s o 408 ERYsth 15t £Rb ChaRg R LER CHAS TOBMALAT dieAast AbLBe
echni hes L ERER, TR gxdildl o S1cBts b e 8 R s, 3 B, pASad e
That such taLnoreoRnneify Bl b et ingat, B, bandy R YndR ot o

net wor K. Diiselios s SInhavest s 05nAll Neh WORKS o RRve: RN Rl OF Y ¢ %tia:[ié
| ayers being 15 1 nplenented in each network node. Each protocol stack |ayer

provi de sspeetésedmyefot nfRerat far1deh apiaddiessh i PRI £ r B HRSI L 1 Pagket

control data and data that protects the integrity making the packet nore

resilient twaedporlyohiamg ¢  fosnesaigrise, hEOFURBSES autiIdh t DEQTESH ON
15 data need to be transmitted within every header.

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

20 the compressed header may also contain incremental
changes to the context. This header compression 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



'20°is duplicated over a certain period of tine with regard to exchangi ng of
packet data between protocol stack entities responsible for transnitting,
recei ving and connecti ng network nodes. The present invention elimnates
irrel evance and redundancy in data packets 25 that pass through nore than
one protocol stacks and between transmitting and receiving network nodes.
To support |egacy multil ayer protocol Stack of network nodes, it becones
i ncreasingly necessary for 4 header conpression to be deployed in
reality. ghhespre t; 1 pyentdon Vi - t us ;and_ net hod capabl e of
decodi ng aiLndsgncc%)ﬁ?ngia}r%%ar ]{)t%gég #&ﬁ%e?ggﬁ%%rge&?l p?f)t 5166’1 atR which
al | ows copy 65584 1Readerf &f L L@ 5 PR rd I cy. net wor k
node. This Is done w t hout add??%onally éﬁaﬁagﬁgpgﬁggg?g?%c%ﬁ%§¥ﬁ% ® Most

ode. )i ng !
Wi rel ess Jief Yok kg eTURROF& a RSt ¥RLK Lot @ Eﬁa%%ﬁﬁig g;%@égggg%%t%kiegf

connectionl ess sessions. Increasing the poss ata pa

successf Wdyidbseachiag the drebistali S0 §€8 ytrhe dl%acrpiagkc%rﬂsé? be
fragnented. Fragnmentation of the data packet produces great overhead

because teadEagmed BELAN ciaty W&/ asa BUBlicali ©h 8k @%@Leifihpf QLIRld pp. The
present invention allows header information for data transfer 15 of

f ragment erh dat@e packebe ts @ns i Sshom tsesiPhe ke 1&1ap I th heade] £ommEessi on.

In a wireless network, especially the | EEE802. 11-based

net wor k, itrd 2d efrrsanetl treper ipodi silséd tdetneen adtini packetsubh e wirel ess
medium This 20 inter-franme period requires a considerable anmount of tine
and bandwiyis heoesri & toeenaiur @hieopla ok etti st r eespegiiatlygwhenhtihgtests | arge
vol une data exchange between two stations. The present invention provides
‘an appar @BPARSG Teehodatter madytangy tthieeint eonftreante. peftods A5 ghly
Furthernore, the present invention reduces a bandw dth to be consunmed on

t he 1Qterrepamlrertbati ek atecdungeebetarcenmowe sthkedys twurbag a | ong
period of time. The present invention enables two | egacy network 5 nodes
wit hout tFRINEZESG tBnbhessnbAddecnt qhibei ms ewerked on it's protocol stack
to enabl e header conpression by providing appropriate interfaces such that

| egacy control software can use header conpression. 5 Interfaces are
providedggn t he contral piane as wel |l as the data plane to allow | egacy
data packetESLECHRti fde YDV BBEASAY for data exchange between networ k
nodes. That is,,{t | | 8C f ent jnvention_t to provide a
header conpr ess‘llx%%/%gggr%prﬂg‘l’sg%%ga%%lg?a?%g%f&%jhds Rggke?ayers Beling

conpk essi GUPE E§SE QN i MPLQVi,n t hr.oughput of the
enti ?g rruﬁ?f) %yer p?gt ggoler%}gggegtggﬁg{ \%oér) eﬁodgg.éhA%%QgSEﬂer#%f}(t he

present inygBll 9Po%alyes e abowel Q?égrilb]ggéwaopi §HEs P¥nd d %\éﬁd}gﬁ deader

conpression 15 to be used for exchanging o ata packets between egacy
net work nedes amchdet )eea cRIIIn 1Pdesdbr@ B & £t fewh Bl birloayss + pr ot ocol

stack without totally changing the protocol stack. For this purpose, one
node of thkeptaseyribyemtikdmqisase psekbitonotrdatyr @ OV @es & dndqtibayer
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 that pass throughmore thanone protocol stacks andbetween
transmitting and receiving network nodes.
To support legacy multilayer protocol stack of

network nodes, it becomes increasingly necessary for



20 protocol stack header information transcoder, a section that encodes and
decodes header 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 | egacy network protocol stack 25 respectively so as to
use header information conpression, a segtion that starts a session for
header conpression, a section that conpréesses header information during a
data session in which data is generally divided at wirel ess 6 media, a

section thafe 4 @dvcesmphr Jd¥ £5n AP dd FRoRYId o4 ik i ng (dat %rpégri—%tsent

transm ssion at wreless nedia, a section’that corr%res es head
informationfefatinMaskels ddHm ALY JdRAtARE HOIRECH I ackphayel .o 2

section 5 that detects a data packet including conpressed header

i nformati onid ©s danqldndayaeoprici 9Coh stack +aYQr nud¥k A Seclibgn foror
decodi ng conpressed header information for the nultilayer protocol stack.
Furt her nor @ r ¢ hecerbsdianBnihaicht HE 1 pwesedinplkl: & ¥ e é HAc¥SESF 3R mIRPBS AL US
and mechani sm provi ded by the nultilayer protocol stack header information
transcoder t® kbki mumpertedundant ¢ gady | neewevdncrodle .header si nkordwmtié on
encapsul ated in a data packet exchanged between two network nodes. The
appar at us 6l akowrtdiagdi 6 itdrea Ehpodibeng i ol tihee ppesdmicd nNventicdn, can
performcontrol by adding two interfaces to the control plane and data

pl ane for controMeff bdtiekbasa NnBierorsst rolpraritt yeido pkotdectod st ack

| ayer and exchanging (: data packet information, perform ng conpression and
20 deconpr ds53 BANGS healed Sii ANoP BEH OhS It < eiphacition bestos as sd dreader
conpressi on sessi on, between a transm ssion node and a plurality of :
recei ving net WHPR Sigye L g R&@ ARGl BP Bfpfesa rec ks arfnr¢rrssiulkn a |
contrg% frame fgn inqgﬁahingtthe end and begi nni of 25 conpressed header

i nfor mafi orf $3°P3&Y Hhother LeoRT o R T Sl e 2 xXchand@E 2t Baakat i RiiRat e an

d f [ ' ' h i od f
ecovery. A SRS Sack LR N T AR (CPRe ol POE CoRy Lo CpBFPOMIATE
| _ 1 _ SoRIAF IS pBF PO
edundant |91 6 Fat e ARG U T EACE T by AEECRE S TG LRGP TPaT | on |

deconpr essegh; By i@ Aecofi BE SachbaR qfnfbgfm%%%wdef e2p NS sgptrol .
information 1s sent to the transcoder by a protocol aygr nmanagenent entity

and it is possehlta d® 0N WEdasReGId ¥obhe tiweE ool Jyof ogek Hlayer s
participating in header information conpression. Data i packets transferred

bet weeh5pr af Dt a ayertse d el 4 igHc 10 texe hanrgess 91 cheaders iidi erdmatizm &r e

al so intercepted and sent to a transcoder subunit for subsequent

processi ng.h®adeesscompearsdisshout in the transcoder includes encoding,

decodi ng, registration and del etion of header conpression sessions. 15

Usi ng the presentinnaemiionl ebsninettesrkKedweslaacyadidy ithel evance of data

packet header information and inproves the throughput of payl oads at

different |BYBES 0t - hlpbatsdnedtbrikk  [imsdbr £ x ameet preseart 1oy eatusoed

i nproves the throughput and reduces consunption of an 20 overhead bit rat e

whi ch can DReEHe&Ipehdtde RFRBEFt Y1 ftReandiiske o me diaimi edThds over

mﬁrelegﬁ nediﬁ. ;Ef $resent.i ventionegéovides,an appar at us and net hod

whi ch 4Pl ow PhETMA T F ISR L pPEt DB 1SR o Ee Lf ABAPRESRE driimerni s

reduces the_overall, ov ead bit rate 25 and i nproves .the overall,

t hr oughput ?%%ﬁ %émlkgﬁgd‘ég?ﬁﬁecﬁrrg%aeﬂ RPRYERE &F fumthere BPR6WR 1Y egacy

protocol st a rk .no 0 ;use header conpressiqn w thout

nndficathﬁ%gp ﬁhé%%ﬁ?ﬁﬂl%ggga&qg f gﬁ%%ﬂﬁ§€ﬁﬁ§ge etiveen two
stations. The present invention provides an apparatus

and method for reducing the 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



'8 protocol stack. Brief Description of Drawings 5 FIG 1 illustrates an
apparatus for conpressing a nultilayer protocol stack header according to
an enbodi ment of the present invention and is a bl ock diagram showi ng an
overall structure of a transcoder used for conpressing header infornmation
of the nmultilayer protocol 10 stack; FLG 2 illustrates a network system
configuration for header information conpression according to the

-enbodi nent of the present invention and illustrates a network system

SOt ur BHUL A0 CRNR APhE HIEA0YE Rl 1B SIS 4R eTEN | N

mul til ayer protocol stack header I nfor I on ~conpr e8si O I¥FG 3 illustrates

a header ; GRS Sy SS$SE@N soe;sfeqo%focprgka@ﬂocéhsngﬂgggiH‘s%eozf t he

present 1 nvention, shows the structure and elenents 0 e session 20

peri od aB@Iﬂﬂfé@Eri%trﬁﬁ%@nd@{r@Ui% ShPH B €2 8ROV, PE X FUVE COMRI B EHQAL | S

applied for different types of data exchange;

FI G 4i 11yglgaat ¢saBadrel udioraopapeessad hsadere 4 dé or Bl PP 864@hi ng to the
enbodi ment of the present 25 invention and shows a detail ed overvi ew about

how eeademh i s ERls @It € PP6 eI drs 1P| eaRRred Fl &6 hkl wslinates a
conpressed header streamformat according to the enbodi nent of the present
i nventi ofthandlata plane to allow legacy data packets to continue
to be used for data exchange between network nodes.
That is, it is an object of the present invention
to provide a header compression/decompression apparatus
10 and header compression/decompression method capable of
improving the throughput of the entire multilayer
protocol stack at network nodes.
An 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 network nodes including a new
multilayer protocol stack without totally changing the
protocol stack. For thispurpose, onemode of the present
invention uses a section that provides a multilayer
20 protocol stack header information transcoder, a section
that encodes and decodes header 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 respectively so as touse header information compression,
a section that starts a session for header compression,
a section that compresses header information during a

data sessioninwhichdata is generallydividedatwireless



9 shows a typical format of a conpressed header for a single protoco

stack; and FI G 6ill ustratesconpressedheaderi nformationfor fragnmented PDUs
accordlng to the enbodi ment of the present 5 invention and shows a detailed
overvi ew about how conpression of header information can be applied when
fragnentation is applicable. t Best Mdde for Carrying out the Invention 10
Wth reference now to the attached draw ngs, an enbodi ment of the present
invention will be explained in detail below. In the follow ng description,

for the purpege 0f 21340 ALK QR Pédhr&eeéj 2558 & PV RN 'rr? rtta}in?gﬁ:' { Iri(;SP ‘o

nunbers, tines, tI’UCt ures and ot her paraneters are Sét

provide a thorough wader Aagk g tqfaﬁénﬁlerselwtatnmnfwessF%é&wg

par agr aphs gi ve an exenplification of how the invention can be 1 fenented

20 However,s@tthat shek desmpkesdds Vhbhdes apﬁ%%taﬁpoﬁme%edé&' led in
the art that the present invention can be practiced. This section wl|

di scl ose anpappartas Ex FmoeAthell bRG PRWY do I @FOAE ReBa 9k rlay &fe 2 PEnt he
OSlI (Open 25 System I nterconnection) nodel applied to a W rél ess network

To hel pSundehatanic tdetpr esenritd nveakeen ieasl €dinighe bt ewisr@ dafi Hkti ons
wi |l be used: Protocol data unit (PDU) w A single of data packet
information for a multilayer protocol stack layer, and
a section for decoding compressed header information for
'the multilayer protocol 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 network nodes. The apparatus
15 according to the embodiment of the present invention can
perfofm control by adding two interfaces to the control
plane and data plane for controlling between a layer
control entity and protocol stack layer and exchanging
data packet information, performing compression and
20 decompression of header information. This apparatus
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. .Anencodingsection<xfthetranscodernotonly



' 10 ‘made up of header information and payl oad for successful delivery from
source to destination Data stream A group of protocol data units delivered
at different tinme points and having simlar 5 destination and source
identification over a finite period of tinme Encoding section Functional
nodul e or device which conpresses a selected part of protocol data unit
Decodi ng section Functional nodul e or devi ce 10 whi ch deconpresses a

-sel ected part of protocol data unit Session context |ID manager " Functi onal

nodul e or i LC L es a he r gconpressjon session of data
packet exc g%é@ %?aegﬁﬁ$%£b§eF§H% l%&o?%@blfgfabf ‘%{rbp%éﬁ??QFé§neach of

Whi oh cond b s | 635, 18 Pt agoh 50k, Pagket: SLT eam el strati on

section Functiona evice used to Tegrs Fy°R data

packet Stdgamame; uR tof PRERhJTY ondal 3nRAGKEL 3,01 | cgoRIRCLL on, Lype of
connectionl ess type network requiring 20 conpresson of - deconmpredsit&n

Protocol dayeimgdréeskace (! 4Fhecdangli Qfégétf@ﬂ%% Ocrhé’?gk%%es;dcggek‘?

identify a data packet stream made up of data packets w

i nf or 6wt i Thef EON ProLosalf Gimeks o iPtde sONMPLESSEd BRINY feﬁge% form
25 Layer managenent entity interface (I/F) Functional nodul e or device

used to condbtalcebnpagey ofb g eHREAHTE RSN 258$S1 PNS s BIW 4 A1 BY L he
| ayer managenent entity usually used in coordinating control
control and specify the number of protocol layers
participating 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
encoding, decoding, registration 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. In short, the present invention
improves the throughput and reduces consumption of an

20 overhead bit rate, which can be an expensive commodity
if transmission is carried out over wireless media. The
present invention provides an apparatus and method which
allow the multilayer protocol stack to use header
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
stackandnetworknodestouseheadercompressionwithout

modification of the control mechanism of the existing



11 activities and nechani sm of protocol stack |ayers The apparatus in FIG'l
shows a nultilayer protocol stack protocol data unit header information
transcoder according to an enbodi mrent of the present invention. A5

mul til ayer header transcoder 102 is a device including nmethods and
subnmodul es for encoding and decodi ng heager information and coordinating
and controlling conpression and deconpressi on processes of header

i nformati on. When a data header needs to be conpressed or deconpressed for
10 a data packedcwhi grdskgenerated or received by a protocol |ayer, such
conpressi on and deconpression are performed at the nmultilayer header
transcoder 102. Header information of the data packet is exchanged between
the nmultilayer header transcoder 102 and each protocol |ayer 15 stack

t hrough a data bus indi cat e&ir by fr &fees end e trilvrer aF 3 widgssupport
conpression of header information, ..a PDUis sent to the nultilayer header
transcoder 102 through an interface 116, and the existing protocol stack
need not be nodified. 20 This multilayer header transcoder 102 is designed
to be uUsed for aFldgakyl dbiusitmgte sprot coup asedaks 104 rocompmess piatgoco!
stack layer so as to conpress and deconpress header information of a data
packet uni Pudhi Ehayve rexehaiged bes iesk thwaderwardcmodésortcomponents. 25
Since the new protocol stack functions so as to elininate redundancy and

i rrel evanc&TeTO ¢ hieRdafdr L RARF AEENdni nVied tiP Rid g drs hdabecktdhageader 102
can send a ?ﬁta,strean1 acket to the destination with | ess overhead. This
12 i npr oveS$ G R A GdgHpUE Tat It L FRERIH tRf endrampEpsie hfupadkdo mat a

units transfer between different protocol st | ayers, is coordinated by a
pr ot ocol I§ﬁ§p¥?ﬁsﬁﬁﬁgFﬁé%%ﬁﬂé%F%@ﬁ&%ﬁP?%@ﬁ G2 BepRE EBIC Sk ack
| ayers; 40 coppressed depends on the information provided by a layer
managenent eﬁilty I/F 109. This information passes through a single path

e by 1t Dt RS SRR

| ayer managenent entity | used to be-presen

over V17, $2, menes Snsgpiand 4 nens oo Sl ol A

regi stration section 105. Here, t rnformation is

conpr essed b sl@EARRIESSEd AR :hes BhOt AGPle staCK | AYET i(iqr?ésrff§@g sheader
information is 15 applied. Data packets which pass through different

protocol | aysrwo npwale el cormpvad At Bo AvAHHOA e By dhie Y @& sk rhayer |/ F
104, and only those requiring conpression or deconpression of header

i nforne®i o frooture dat aipadleste stiegmnar bt éttanect efrottedi s Ecked dtyhr ough
20 a bidirectional single path 108 and sent to an encoding section 106 or a
decodi ng s&&adariGnidenaitd dye pgmpedissetord, the data packet information
is interpreted and the header information is parsed by the packet stream
regi stration sectfildh- 305611255 {hag fepack el s adieizc e ompd etse doen comprdssed ar e

conpressed based on information specified by a protocol |ayer' managenent
entity 111P%at39pAA&R SInRideH halBepsididt nesigle 8i ther ante pentocol

| ayers and i ncl ude a %3
invention, shows the structure andelements of the session

20 period and illustrates a detailed structure showing how
compression is applied for different types of data
exchange;

FIG.41illustrates a PDU including compressed header
information 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 embodiment of the present invention and



' 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 for conpression and deconpression in the transcoder is the 5
bidirectional path 108 which traverses through the packet stream

regi stration section 105. The interfacg i ndi cated by reference nuneral 116.
is also known as a data plane interfacé and is defined as header

‘informati on protocol data unit header 10 infornmation between the multil ayer

header transgeder i02-andeg i B'@X%oﬂé?tae%&oé %.teaﬁge}%%g;%gsriinnéféface

116 is used as the data plane to conpres econpr eéss

infornmati tbeodinterbhage ingdicated by reference nuneral 115 functions as

an interface for control 15 information to enabl e conpression and

deconpr essi on EIGeader 1 hsarams s @dndghesisRiehbace L1] fics kHoWR 128, 2
control plane interface to allow the protocol |ayer managenent entity 111

to contr o r agnetons diPTH € aUr €$8igotlo afh heateyd 1 REaEE i1l Jbgrdata
pl ane interface 116 is made up of two types of data flows. That Is, (i) an

unconpr esisede RBU cat r each astdowsi h &l ctoap L ess ash PPVistw e udnasipr essed and
conpressed PDU streans for the protocol |ayer are passed through the

protocol d¢ayerelysidndpfi ipetdea tief omhbitiayerc2h headesplranrsepgen 102
and then redirected to a protocol |ayer. Unconpressed data streans

requi ri ngt hegnen tabpeassi ®nappllli deb tenpr essed according to the encodi ng
section 106 and other control processes provided by the 14 multi | ayer
header transcoder 102. The protocol layer I/F 104 is the first stage of
conpressed PDU data stream nonitoring and detection carried out before the
conpr essee PO adRiched tFrRrB¥INghAeE b6t obvyestdsn 5 | ayer. The control
planf interface 115 is nmade up of two types of data flows. That is, (i) a
contt8l information flow fromthe prot ocol |ayer managenent entity 111 and
(ii) result inforpation fromthe nultilayer header 10 transcoder 102. The
contr ol informﬁ# frONT FRBOS QtVRoF Ol e AhhAGHett dERM 59311 agan
follow the foll.omng f t: Structure, Transcoder trol 15 nunber of

pr ot ocol %ﬁ%§€§%9a nﬁ%gg%%ﬁpﬁﬁ&ﬁﬂzllgyg TR HédderPR offPdssh Bads/
stack desgri Btivany 1/ RrQyocol stack description or representatives 20

t hereof */" I n order Fo performa new stream session for the data packets

Wi th compr ﬁ;sggxoxggggg 41 260N LU LB 123 LA 0ERE SAELT B0 A% EXSEUt oS

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 present
invention. Following paragraphs give an
exemblificationoflunvtheinventioncxnlbeimplemented.

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 apparatus for

controlling network resources at Layer 2 of the OSI (Open

25 System Interconnection) model applied to a wireless

network. Tohelpunderstand the present inventioneasier,

the following definitions will be used:

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



packet streamregistration section 105 is requested to transmt an internal
signal so that a unique session used as part of conpression of header

i nformation by the session 15 context I D manager 112 can be used through
the single path indicated by reference nuneral 108 . In the decoding
process, the packet streamregistration 1%ecti on 105 redirects the data
packets intercepted at the protocol 5 layer |I/F 104 and their header
information to be deconpressed are passed to the decoding section. All the
conpr essedmanrtt WS Y HRSS@Er dat 8o kA0 184 SRGEXEAGLRE Fd0m8ddee E‘élftdll ayer
protocol stack 101 and processed by the encoding section 106 and decodi ng
section 10dedrievd®yr etntismed oud @Rchopd NDEDLhalkdyyy for processing by each
protocol |ayer. The process of acquiring packet header information of each
data packet frompzhes psetecel |-ayer @f‘Qth%ﬂorl.%S%%cQﬂ‘l rehy¥Rniyig; £ai s
information are perfornmed by the protocol layer I/F 104. 15 FIG 2 shows a
confi gur at derl Eexarplde of dhé fraddnt ayemaeadéen tisr ansgonak ity acmending to
an enbodi ment of the present invention (in FIG 2, however, described as
"mul ti |ayedestater tircansenders A02¢ ¢ whieoht £én clae: i ompl event edd find tgener al
network configuration. 20 In order for end-to-end protocol data units

i ncl udi ng ®@mredsed Hebmer information to be exchanged between any two
nodes in the network, a source node 203, a destination node 208 and an

i ntermedi at e nod&€XOydang rsgitied to Bunad tohe lperddw hesloar td éreader
information _ 25 processing indicated by reference nuneral 201. Before the
prot ocol d&td &M €0 g§efhe d&dishaefoRafdde 2oBrptemahedabar vaitode
203, the protocol_ data unit needs to pass through a plurality of '

i nt er medi at e nod&$ VPRI S §FbYPBed Wi FRISHokenpdadrd R heopratdevice

rocessin apabilities. A transni ssion dium 209 of the prqtocol data
5nit ﬁ?/ gg%alp%lr%{aglg?prﬁ%?ﬁﬁﬁo? Wféﬁtﬁgi}){ﬂuﬁtﬂgpﬁﬂﬁ?cﬁgaaéltai Hfortmat i on
processi ng appar%tus 201 capabl e f«fo‘?f short h.e_adgr i nformati on processing

i s constructed of & geREr FEH Gt oco! "qRARRSAnd af PRG IR 2 a?@?%é’d:errent
entity whi be,compe 1 |t e e y e

i nt 1ar1¥aceI ?é]’?ﬁg‘gﬁ ?f@%@o?%ggll%a%{rmatﬁh ﬁgaﬁgl {%ﬁ%a‘f/%g%z% eréérgéﬁsoggder

202 is a d%@dﬁ'@é‘?a@(éﬂ@(él@&ﬁgg%etm@rﬁtwggrtsi SEYPBELRR ) Sl i eved

and inserted into the corresponding protocol stack |ayer. The protoco
stack | ayercgietidbrese hentek e RS sifowRNghdecar83si et Tdgsikniwd ace
provi ded for the protocol |ayer managenent entity of the generic network
node iB515 mebotd ptank interface 205. FIG 3 shows the enbodi nent of

t he present invention when a session is carried out on a conpressed header
exchanged bet weerpd abehetstr&amodes; i shheaexecits @8tobrt he FeEsd©DohS 1
determ ned by the session context |ID manager 20 112. This is al so based on
control infdateoemhieriiics rusedved frami s he rprastdcotiehdyiefy mandgdreent
entity 111 through the control plane interface indicted by reference

nuner al 11535}C¥\ege§sti’6‘ﬁaﬁefnia&f 3 P GStRraredOoHe sealipn® L ketsi v rane,

311 to a destination node to indicate . {
: 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 uncompressed form

25 Layer management entity interface (I/F)
Functional module or device used to control compression
énd decompression sessions required by the layer

management entity usually used in coordinating control



* 25 'the beginning of a protocol data unit including a conpressed header.
This 'session frame, that is, an indicator can be piggybacked onto an

exi sting protocol data unit. The session frame is generated by only a 17
transcoder before the protocol |ayer which is the bottom|ayer of the

mul til ayer protocol stack using conpressed header information in the
protocol data unit. Subsequent payl oads! from upper |ayers can be easily
-sent through 5 a layer which gives a conpressed header to the protocol data

it. Aftg d 301 t ed, head
i o Sync a5 b et oRPE AR BASIA b StA §alseheth TAdaRTE
’ bilit 10 I d whi ch b
xecut ed w thin TheRoeLpdn bt BT ¢TT bR ohyaaT Y SRRE "Br Seing basi on

carried S |eI I thers of a PDU. This
capabi | i %;E??gl bl&?aﬁ&%%?uégg fcl)fr}l”fggrpu%éggé éﬁisf%%@gof HE B PSSt PRt i on 15

enmbedded R d C |, mechapi smin
t he futurdeéb%):gfatlﬁgﬁnﬁ cegr?ﬁée){hbéhg%r%ﬁf&of%ﬁg g%i%gegrgéa lgo g:lpcirbgy cked

ont 0 % he raxi 811G &F 0k O ale dat P HOEL Ry the2 POt 9Cal @O@iﬂﬂaata jgh the

mul til ayer protocol |ayer header information starts. and

PDU fr agmedt Bodlse agePandiRddy d N r fdidBah e % ure of
a session frame (Sess Frane) 311 is as foll omgpaStrué%%?glégg cﬁ%% 25 {

Sess gramhtommaﬂldﬁbmdt@%rdfn@thﬁ@ém@céﬁtwﬂhPﬂﬁ@é%ﬁﬁr%@%?b*/frane
peri o and decompression processes of header information. When
a data header needs to be compressed or decompressed for

10 a data packet which is generated or received by a protocol
layer, such compression and decompression are performed
at the multilayer header transcoder 102. Header
information of the data packet is exchanged between the
multilayerheadertranscoder102anuieachprotocol1ayer

15 stack through a data bus indicated by reference numeral
103. Tosupportcompressioncxfheaderinformation,fiPDU
is sent to the multilayer header transcoder 102 through
an interface 116, and the existing protocol stack need
not be modified.

20 This multilayer header transcoder 102 is designed
to be used for a legacy multilayer protocol stack 101
or a new protocol stack layer so as to compress and
decompress header information of a data packet unit which
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,
themultilayerheader transcoder 102 can send adata stream

packet to the destination with less overhead. This



18 /* session period in unit of second or other representatives */ .
capability information ; /* conpression capability types */ 5 } The formt
of the header Info Sync 304 includes the follow ng: That is, information,
t he nunber of TDM franes 303, fragnented TDM franme group, the nunber of
bytes or 10 period between the header Infp Re-Syncs (information
resynchroni zati on) 306, nunber of protocol data units that can be
fragnmented, the period expressed by the nunber of bytes or tine between

Sess- Fr anes idddove@ssi 08 ¢AHAX§hpRLIrDUPL MBI & d S i ¥idbes puTber
generated and managed 15 by the session context |ID manager and cont ext

streamfield. A ZrsstFpam £ sgssiket fdate) unidi §ated iy & ef elangee puner al
31.0 is used to nmark the end tinme of the session period. It also indicates

t he begi nnidigf D& riehet Nexd teessl ostperk ok Pets The Sessdimaeetionwpts for
t he 20 begi nning and end of the session periods can be simlar to or _
di fferent frmonteach dblyerr IAH dO0dat axafptradii dihe swedder idein: Sypacd®4 is

expressed in a structure format as follows: 25 Structure Header Info Sync
(i nfornati erayackrlons zatkod)a hendeto ifo Synp rems edl déatendypen /thdi t
format to indicate header Info Sync franme */ 19 nunber of TDM franes; /*
nunber of TOM ¢ rardsl det peerv tdwd Sbys oFrbaes r* hagragpseaft femyidnt e/ TDM
109. This information passes through a single path
indicated by reference numeral 114. The information
handed over by the layer management entity I/F 109 is
10 used to be presented to 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 header 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
the 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 redirected, 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



"/[* ‘nunber of allowable fragmented TDM franmes within 5 session period */
header Info Re-Sync (information resynchronization) interval; /* m ninmum
duration nmeasured in seconds or bytes between header Info Re-Syns */ 10
groups of fragnented PDU;, /* nunber of allowable fragnmented PDU franes
W thin session period */ session peri do, /* total session period */ 7,5
session context ID field; /* plurality of unique IDs for data delivery to
-di fferent destination nodes */ context stream /* header information of

mul ti | ay el 9f e BERIPL Y 13 A5Kp2Q s}%&fﬁggd%f}en@equq{o Ibgéeopa%gc 304, 1s

transmtted, data nmay be exchange etween a source no \751519‘0%’5

dest i nat iagyy NeHey. J8d adkiansekasiken vy bave d e f%?%ﬁ' fo & he, TDM
frame 303 and data 305 of a PDU containing conpregse e%%@rciionéf ocfﬂati on. A

frame pedeshdthyeare @by onwal 6 nf o RBeSywsh 306 rOrt Re PR pgiween one
frame of the header Info Re-Sync 306 and header Info Sync 304 20 i s naned

" subsessicempeeised 302t dVer diier Beadeyn | W of WBt keR | $cdaraaed s87d ously
due to a |l oss of data, the error can be contained within a short period of

time by thed Snbeesisimoal gea £ hdl 0 Aol ch hirs B8k SlsSthit o d WRIHTBALALd N Of
effective conpression. The header Info Re-Sync 306 is constructed of unique
control ddtmebppeedbstnditciade tke theatel obnfo Re-Sync 306 and sone of all
other fields of the header Info Sync 309. A TDM frame 303 or a normal PDU
with conpressedhmrateterfxaa bodircaedt by imdHe achicagmamhed aTDM 6 ame 313
and a fragnented PDU 314, respectively. The TDM frame 303 is many PDU
payl oads icorehf enghemi & Boat dedignge baper dtndte bYaicrt emd r asrederftieradl s and
W th one conpressed header. The headers of the data 305 and PDU 312 incl ude
'subsessi & 15e3@is e} afpymaidi saqRaRo eoht Gdita Thaiftolheaideg format is an
exanpl e of the header format indicated as ch316: ch 20 ch control data
typet 0/ I oFBakoR Hethdrest BRBER ARLAG YA T Tt de rRDcR hisgraiey 102
and a multilayer protocol stack 101. The interface 116
isusedas thedataplane to compress and decompress header
information. An 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
compression of header information.
20 The data plane interface 116 is made up of two types
of data flows. That is, (i) an uncompressed PDU stream
and (ii) a compressed PDU stream. Uncompressed and
compressed PDU streams for the protocol layer are passed
throughtheprotocollayerI/F104,inputtothemultilayer
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



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 In the fragmented TDM frame 313, two types of
fragnented PDU header information to indicate the beginning of a fragmented
'TDM sessi on and subsequent TDM 5 session.” That is, (i) Th 307 and (ii) Fh
308. The following is an exanpl e of header format about Fh 308 and Th 307:

Th 10 { Thueort 1obydat Belaier £ hidcdaemet0bQ | NHLBES thagh NNiNge ofr i PDU
*[ subsession subfield ID;, /* address field to indicate final destination

node 15 trarsaiisedhw thipssesst gepert afbhp reg@eacepeorid ©h bireldsn /*
control fields to control sequence of TDM and PDU for data streans to

speci fi ¢ destrinabirdmd /andniert of t f bagrent 81 e0 dit nyelrerr &f theai | i ng
fragnented Fh header PDUs */ fh { 25 fh control data type; /* bit format to

i ndi cat e begimmi agsefd f PDPBUrda slubdf tagnené ssequened puhisicol * stmagoent
sequence number */ 22 In the case of the fragmented PDU 314, the first
f ragment ed IRXe¥ncl udes a header Ph 31'5 followed by the 5 trailing
fragnents with fh header. The header format of the Ph 315 is as foll ows:
The control plane interface 115 is made up of two
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 {
numbér 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 sectionl06 executes the encodingprocess. The
packet stream registration section 105 is requested to
transmit an internal signal so that a unique session used

aspartofcompressionofheaderinformationbythesession



"Ph'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 nmethod for generating

a uni quec ¢ BRIABSENTE Bt 'anﬂ§a§¥rt he 25 $8S$i0N; £08t &4ird HRRAGe! %&a Qf Fl G 1
An exanpl e of generating a session context IDis sho Ille

case whepgthhenbaadet el ¢aMf €668e d Aukldnegs) haye! s : that
is, theepl\/th (rl\l/Hrl) theandy(IVHZ) th 2% | ayers will Eé%(%}(%ﬁgg:?hgcan

exanpl e. piractermsfoltmmgcmm aswe@ms,ré@ﬁs%ﬁﬂlad@rsb%tclaéﬁe@o 5 ayer M,
the (Mtl1 ) th layer is called "layer M+1" and the (Mt2) th |ayer is called

"layer Mtadiredbe phet aotalpyekedayiest M2 dp tbichti &ihfeh%,xt&@okéﬁer has a
payl oad 404. The header information for the protocol stack |ayer, that is,

t he Bot t bayleayel /Fn 1t sapndseheit hrelaaler Mhfbhendieadar tnfieenmati on of
three layers, that is, Mh layer, (Mtl)th layer and (Mt2)th 10 | ayer in
thi s exafdpkenpreesgiest eredpby seahtat thatd agottien deaderi onf or maAtli eheof the
Mh [ayer, (Mt1 ) th layer and (Mt2 ) th layer . Therefore, the protocol
dat a uni@Oﬂhm?rﬁﬁﬁédl W esmpaetsskd odahe Anlfid treyed omeadserr 4 carscoder
102 side through the protocol layer |/F 104 has a format 15 in which the
header ifremdthemet tilayeypratceastercknt 8imanidop rafc ¢ heeldapgr M+l
and header information of the layer Mare concatenated to the payl oad of
‘the IayeF B 2N FRE Ihdee CtAfdy el Poanst deeoming |sget ipmotl@dl a2@ st ack
101_in the prot ocol data unit having the above described format is
conﬁroesséﬁ W’?ﬁ@ @ﬁ’cc?cﬁ% EEEFP&r?llokaY%rép%pé?ﬁ‘?Féélsllyﬁg do¥peassi on

to t header inforymtion, of the | ayer Mt2, header

processi n .S a
P or ot PLe Sa Bl B Y. MEn it REgad A e Rt Papdppackel neader

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.2, however,
described as “multilayer header transcoder 202”) which
can be implemented in a general network configuration.

20 In order for end-to-end protocol data units including
compressed header information to be exchanged 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. Before
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



25 the layer M respectively. The header information of the respective

| ayers subjected to conpression processing is concatenated, and thus a
conpressed header 405 is generated. 24 Furthernore, information on a
schenme for conpressing header information (e. g., address information of
the bottom |l ayer of the multilayer protaggpl stack being used, how header
information is conpressed 5 for each layer, and the like) is gathered into
a concatenating process section indicated by reference nunmeral 402.

Then, t he copneat edatl ngi phostsy tsekthdr 402n Exenid ebohhe ransakemat i ng
process and the header information after the concatenating process finally
10 becones cap@Essildrt ioont exd § Dadehives chnrepdésankd &t b€ hrader oitRfcy at i on
conpressi on schene using a single unique expression or nunber. The session
cont ext | DA&tla gehefanad bs Bneéirtedd $ mitwe divecoirow 4034 be¢ dient.he The
conpressed header 405. Then, the conpressed protocol 15 data unit and .
sessi on cofthed t hp aderdgenke anad iian phics ewylageaprageatads 20 it bepmad e | ayer
protocol stack 10l side through the protocol |ayer |1/F 104. Then, the

conpr essed 9 3 BEEE dRadani ANLoEBALACRc P TegeiFaIREN1E FEWDE K uedced
toget her w tg; t he session context 1D 401 20 according to the communi cation
sessi on ex Tl P GF LF REPEP&GReSES i aPd 2 PRAT G0 Laia Y fE sk aEeR adde

whi ch has recejved a conpressed protocol data unit, an index is added using
t he sessi or?%%h?@xf"’%lﬁﬂlofaélcgiﬁ re8RRFT gt he SesBPOR 12 YRFi B&ARAT ng
whi ch the protocal da nit J4.s_ received nd,_a context stream 406 with the
header i nf %rrnaa?:ggﬁdg "t?r‘% ! a;?‘lerf‘e M ea’f/g?bﬁarieﬁﬁﬁqrhftzgle M?tpscotlhgraé’tﬁf
formed. In ! e r. 4 i ompr essed. 25 The
cont ext st rateTgam X?%%%l%%@%?%ﬁge?i g?%snso'?é?%% gg%de Fné%géyﬁ&afnoer mat .
| nci deppal |, wherbhemldy | m@@@&&aéénf@ggfg\al@g?ﬂefg%lﬁg%%ead g ocol

data unit wth the conpressed 5 header 40 payl oad he pr ot ocol

data unit iihexteadt echts the nedtibayemdeadebtd der ' hr ough
t he prot ocoll | ayer 1/F 104, whereas t ensessgo% coﬁ?igg I%f)cai%% §5%It'

cor r espondiTge tx ¢ hecprotee k <1@t3ﬁe1drtié?1h§ re3GaHeERIE PY:-Jriier 88SSI AN LRt ext
| D manager 112 through 10 the protocol layer I/F 104. Then, the decodi ng
section l0Waecnppreassiesnt he Thenpresseta beagdeo vilbe dsidg the protocol
layer management entity of the generic network node is
15 a control plane interface 205.

FIG.3 shows the embodiment of the present invention
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. Asessionperiod30lis generatedby sending
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




" acqui red session context TD 401. The deconpressed protocol data unit is

returned to the multilayer protocol stack 101 side through the protocol

| ayer 1/F 104. 15 Here, the session context ID 401 to be generated will be
explained in further detail . However, for clarity of explanation, suppose
a case with three level protocol stac each protocol |ayer having five
header conpression schenes (that is, five types of session 20 context).

-Expressing five sets of header conpression schenmes requires three bits. It

an enphasisah§clodidl We £OWRT 581 BB ol o 51 1) & ¢! A¥8Ic1AS !
3 - 9 bits nmust be used. On the %ogtrary, mh%nrthe é%ssf%ﬁ%égﬁfgﬂF%ﬁD 401

is used, Idwesessi ohecontlext 14 De40h rd)taheo 25s €AR K Y B néo i d

header i nformation conpressi on schenes, and therefore 5 5 co |nat|ons

can be reparaedemtenifosnmDohy.trﬁthletﬁroEwdthtiréﬂieeuntlhﬁ. Se§§b§'éqci%€><t ID
manager 112 26 detects differences anong header information included in a

pl ural i t ypaylpeascht odatgppemit & afye1gs , c A0 beonses illiyves & ot 86lowigha units
) belonging to a certain PDU streamto be sent. As a result of this

detechbi o mwhenwhtidls glevest edcbhairdhieed he ante i f et BBCE rame header
i nformation, the session context ID 401 corresponding to the subsequent
protocol data ymitout of the plurality of protocol data units becones the
one corresponding to the preceding protocol data unit, and 10 therefore it
is al so possi blfegtiércé}rhﬁf obeganasing Pfeldst §esstoange 580dn 3 0Thel s
di fferences anong the header information may be detected either before or
af ter thelRes&agreLonteReadeR0inty gevibraté f espedildny in the case of
before 15 the_ sessjon context I D 401 is generated, the differences need to
be detan%MnFBFQ%&ﬁaléﬂﬂ of 0fhd smAeRkafer inoisadie scaprbibuktyhe range
of tﬂg iferences tp. be detected becones snaller, and the probability that
a

t he hi &t GPR&R bhifdy IBE 1He AtV PE She Tt FOMPIRS Fillom ¥ §j ¢l reame.
that, there i,s no head |nfor tion difference

Thus, nit is (fctq%6 L gr
Trovy aae dxp Rt ERLE] tast%eaﬁepe Pt §a9 posd bR SPotBludes
transntss&gﬁggftﬁtcgﬁ E%Q;qutgx éﬁuﬁgéé? %%p%% %gﬁ; subsequent

pr ot ocol uni there oreit te the

| 5Sn0 bt aged i paemey ety o B L3 S e
conpressi @dn(FRMked for future extensions of header information
15 embedded in the PDU protocol stack to use a different
controlmechanisminthe future. Furthermore, the header
Info Sync 304 can also be piggybacked onto the existing
protocol data unit of the protocol stack from which the
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 {
Sess_Frame control data type;
/* bit format to indicate Sess Frame */

frame period;



27 header 405 in the present invention. The header conpression format

i ndi cated as the Conp header 905 is as follows: 5 Structure Conp header
nunber of layers; /* nunber of protocol |ayers being conpressed */ |ayer
wi th change; 10 /* to indicate protocol |ayer with header information
change */ conpressed head stream /* chajges in conpressed header of
protocol |ayers */ 15 The header information of the PDU used to exchange
data with another layer entity of the same protocol |ayer within each
protocol |ayer hassthoee hesiod iiatdanithadfi Seclind addr exndiel d, (ii)
packet control field and (iii) sequence control field. The address field is
converted 2epoeserddut £sssl I 502 which can be one of the follow ng data
field types. That is, (i) session context ID 40l, (ii) full address field
in the addreagabildlitwt infermatian header 501 of a packet data unit, (iii)
null field indicating that the address field is indicated by an 25 earlier
PDU. The pacdiet eomprsissiendcamamblifivitayptsader 501 is converted to a
Change field 503, and the change is indicated in the field. Wen there is
no chanée blased on the previous PDU, a null value is used to indicate 28
that there is no change. Wen there is sonme change, a different value is
used to indicate the change in the packet control field. The sequence

control field at t,he initial header 501 is converted to a Delta field 504,
5 and the change #l'ée %E‘Bagnoghgg&i heedsicd i iy ResS Bastacdmder thet

transmtte _.The o tor. indicated by reference nuneral_ 506 is used to
concat enat gf?Pﬁgog;r}dqr%'sgef %agdf’ ' %Jémfﬁi?élodl S earh‘dm%?ﬁ %%frli T %r?é‘he fo
forma co se r .. 10 a,dat a cket i.s.delivered

bet ween t\/\ngj(ﬁ?éfv\grrg anogegé\%%hgfﬁg& ?%Sa&né&i%Wﬁggi’nfcglrenend‘lp@?8rn85‘zbiyﬁ:-eoset%en,

t he prpbocofgef%;ar @gt&eénbﬁ]ﬁ@ghn%%fén%ofn%e ﬁEJ—'é%h%%er(PHE?ﬁ%Lt%gﬁCk can

be fragnent'ed. FIG 6 shows e nt show ng how t o save rate

and how t herdSyheadesni 52N PS56@,t QiMPESVS £ (Sr & BEouUgh Aydat
payl oad 601 isyfragrrezglt ea i nt o)ermre t han one fra}g}srarrent eglbngB&%Bg Wi

Fragment at i €iia tSc 9 ted fapiri€dt ke ,| BREeOYE iR 84peRSSsEaly ¢hd harsid ssion
with wireless nedia where a transm ssion nmediumis shared and al nost no
coordinati owf bytes or time between Sess_Frames 311, session context
ID group which is a unique number generated and managed
15 bythesessioncontextIDmanagerandcontextstreamfield.
A Sess_Frame (session frame) indicated by reference
numeral 310 is used to mark the end time of the session
period. It also indicates the beginning of the next
session period 301. The Sess Frame formats for the
20 Dbeginning and end of the session periods can be similar
to or different from each other. A format example of the
header Info Sync 304 is expressed in a structure format

as follows:

25 Structure Header Info Sync (information synchronization)
{

header Info Sync control data type;

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



' 20°'is nmade anong transm ssion stations that share the transm ssion nedi um
These fragnmented PDUs 602 each usual ly have duplicated header information.
To enabl e header information of a single protocol |ayer to be conpressed,
the first fragnmented PDU in this process 25 includes a Ph header 603 and
the trailing fragnented PDUs incl ude an fh header 604. The final fragnented
section 605 includes the sane field as %he fh header. Thus, according to
-t his enbodi nent, redundancy and 29 irrel evance of the data packet header

i nformat ijpimBee & f "rpat &d- apdsthe payl oad throughput in different |ayers
of the protocol stack inproves. In short, the present invention inproves

the throughv putuBG T esiEICeSICONSUABLT Bk 8,08 ot 1S, QveLhRady Pif Late, whi ch is
an expensi ve conmmodi ty when transm ssion is carried out usi ng w I’é eSS

medi a. Therpueserdf i fyarin«ont paoviples an apparatus and net hod that enabl es
the nultilayer protocol stack to use header conpression. This nmakes it

possi bl e tA* r esumb ettheo HveandldwdPl everhepte hitle o af BMARE JPE 0N e tihe, over al |
t hroughput for a network node. Furthernore, according to this enbodi nent,

t he | égacye pesdoscgpestack and net work node can use header conpression

wi t hout nodifying the control nmechani smof the existing protocol stack. In
the worl dhasdefr thef o PReetSwrk, (iinfereatienel yediyhfdiotibh ita texsh pde an
exi sting protocol and system and introduce a new system which should be
avoi ded, HmBetWélefore the possibility of adding-on a header conpression
function without having to re-inplenenting a protocol is a great nerit of
the 20 prestntMiAdan 81Hr athi enaesd $ ¢ seidon iss dmsdd amn biyitee s beanesen Pat ent
Application No.2002-234043 filed on August 9, 2002 and the Japanese Patent
"Appl i cat idHERE2003E 288¢74 YRBed /on

10 groups of fragmented PDU;
/* number of allowable fragmented PDU frames within
seésion period */
session period;
/* total session period */
15 session context ID field;
/* pluralityofunique IDs fordatadeliverytodifferent
destination nodes */
context stream;
/* header information of multilayers of protocol stack
20 */
}

After the header Info Sync 304 is transmitted, data
may be exchanged between a source node and various
destinationnodes. Datatransmissionmayhave the format

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



August 8, 2003, the entire contents of which are expressly 25 incorporated
by reference herein. Industrial Applicability The header

conpr essi on/ deconpr essi on apparatus and 30 header

conpr essi on/ deconpr essi on net hod according to the present invention has an
effect of inproving the overall throughQQ; of the multilayer protocol stack
at network nodes and is useful in a comTuni cati on systemthat supports 5 a
mul tilayer protocol stack. 31 What is clainmed is: 1. A header conpression

apparat us ygeth bl o Q88 caRpURt Yartio d rapsmt HHuRt eael falgeynit on a
mul tilayer 5 protocol stack, conprising: a conpression section that

conpr esses i d fhayealomeiasled aiabed ald 0o hBeiyudRk itb Sai o PEobecak tdat a
unit; and a generation section that generates integrated 10 information on
conpr essi onhy esat dr nubhi bay eonhtesaidesdi wi ehriat iz0% Hyyr 5 ab €r ¢ P OES $iidde
section. 2. The header conpression apparatus according to claim1, wherein
t he integratedhaf suim ¢ ssigengrat ddi.nclAides, 15hiidend § figatd olmi nf or mati on
to identify a schenme for conpressing said nultilayer header information. 3.
The hediler iounbersesitart dppard usf fiectidiengcompaiess s @n .f uthteerheadprd si ng a
detection section that detects
Info Re-Sync 306 is constructed of unique control data
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 into a fragmented TDM frame 313 and
a fragmented PDU 314, respectively. The TDM frame 303
isﬁanyPDUpayloadsconcatenatedwithoutbeingseparated
by inter-frame intervals and with one compressed header.
The headers of the data 305 and PDU 312 include subsession
15 subfield ID and sequence control. The following format

is an example of the header format indicated as ch316:

ch

{
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 transmitted within session period */

sequence control fields;

/* control fields to control sequence of TDM and PDU

for data streams to specific destination */



"20'a difference of nmultilayer header information included in a plurality of
protocol data units on said nultilayer protocol stack which belongs to one
stream wherein when said detection section detects that there is no

di fference, said header conpression apparatus perfornms control such 25 that
identification information correspondhﬁg t o subsequent protocol data units
of said plurality of protocol data uni is not transmtted. 32 4. The
-header conpression apparatus according to claim?2, further conprising: a
first intjerface for exchanging said protocol data unit with a processing
entity that carries out processing 5 for each layer of said nultilayer

protocol stack;r@angna sp@@?ﬂemte%f@m frara ex changi %80@5@% I gkormati on
wi th a managenent entity that manages said multilayer pro c&? stack. 10 5.

A header fleg@iRESSHOPDIPNEE A8ES USELL Wbl id MOode apRArdiHe tiad receives a
protocol data unit on a multilayer protocol stack, conprising: an

acqui si t g sactiiron dhal facmeeseldn oy aked i dh W HAtd @P sl LOPresgi on of
mul til ayer header 15 information included in said protocol data unit; and a
deconpr esse paisect i dhhahatl sjecohpr @hsex0 savddrufii ) ayer FJeader Thief or mati on
based on the acquired integrated information. 20 6. A header conpression
met hod f ofohlbeddey tenmpresskampapparfathbisadsed fwrhad ndseuapEay a3 s t hat

transmts protocol data units on'a nultilayer protocol stack
and Th 307:

Th
10 {
Th control data type;
/* bit format to indicate 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 /* number 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 */



conprising: a conpression step of conpressing nmultilayer header 25 .
information included in said protocol data unity and a generation step of
generating integrated i nformati on on conpression of said nmultilayer header
information in said conpression step. 33 7. A header deconpression nethod
for a header deconpression apparatus us wi th a node apparatus that
receives a protocol data unit on a nmultilayer protocol 5 stack, conprising:
an acquisition step of acquiring integrated i nformati on on conpression of
mul til ayer jheader information included in said protocol data unit; and i a
deconpressi on step of deconpressing said 10 nmultilayer header information
based on the acquired integrated information.
. A3. AH. A(F. AR AF, . A@R. AFa. Ayy. A3. Ae. A. A y. A . Ay. A3R AS. AByR A, S. AF?. A Ae. A
f.A ?. Ae. A3. A@ AIR A lhkeAEaSeAfél. AhkY.fAS dBeRlilled PDU 314, the first
@: kl }xsni c”MY] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] c|wafvahdad B RE] tafdudes a dee 28pWDPE G1P @@l bodea 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 control fields;
/* control fields to control sequence of TDM and PDU
for data streams to specific destination */
number of fragments;
/* number 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.l. An example of
generating a session context ID is shown in FIG.4. Here,

a case where the header is compressed in three levels

of protocol stack, that is, the Mth, (M+1)th and (M+2)th
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respective layers subjected to compression proceséing
is concatenated, and thus a compressed header 405 is

generated.
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stack being used, how header information is compressed
5 for each layer, and the like) is gathered into a
concatenating process section indicated by reference
numeral 402. Then, theconcatenatingprocess section 402
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 is inserted into a section 403 before the
compressed header 405. Then, the compressed protocol
15 data unit and session context ID 401 generated in this
way are returned to the multilayer protocol 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 protocol data unit is received,
and a context stream 406 with the header information of
the layer M, layer M+1 and layer M+2 is thereby formed.

In this way, the compressed header 405 is decompressed.
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10 header Info Sync format.
Incidentally,whenthemultilayerheadertranscoder
lOZdecompressesapuotocoldataunitwiththecompressed
5 header 405 and payload 404, the protocol data unit is
extracted to the multilayer header transcoder 102 side
through the protocol layer I/F 104, whereas the session
context ID 401 corresponding to the protocol data unit
is acquired by the session context ID manager 112 through

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
protocoldataunitisreturnmdtothenmltilayerprotocol
stack 101 side through the protocol layer I/F 104.

15 Here, the session context ID 401 to be dgenerated
willbeexplained in furtherdetail. However, for clarity
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 layer as the prior art, 3 x 3
= 9 bits must be used. On the contrary, when the session
context ID 401 is used, the session context ID 401 alone

25 can represent multilayer header information compression
schemes, and therefore 53 = 125 combinations can be

represented using only 6 bits.

Furthermore, the session context ID manager 112



U 10 US;!10% U& ()-+@ 910% U& ()-Ss910% U& ()-7910% U& () -, 5#10%

U& ()-//1/11////0dEYNCY@ 10% Y! 10%& ()-s, M 10%&' () - 910%& ()-LY

109%&' ()- fL! 109& ()-s10%& () - 0TOqO0001dEYNCY@ 10% f M 109&' () - 109& () -

109%&' () - 310%& ()-S10%& ()-SM 10%& ()-11Gl111T2dEYNCY@ 10%

(1 1099& ()-& ! 10%& ()-$:! 109& () - ##10%&'2() -

& 109&' ()- YL0%&' () - T22223: 3q3dEYNCY@ 10% 35" 109%& ()- 4! 10%&' ()- 3

, 210%&' ()-LO10%& ()-1.& 10%& ()-y, #109& ()- 333444 4

4F4bcw@10@@ﬂe@ﬂ@&d@ﬁﬁﬂmem&©p-ambmc hefader information included
109%&’ () - OMLOY&' () - 7! 109%&’ () - F4j 4455E5| 5aBbCY@ 10: ! 109B&’ () - - 109B&’ () - 109B&
() -3"109B&N( )2 I P urpdokt ¥) Of PIOYBECE)L |GEEEREEEIEICY@.10., two

109B& ()-'! 109B& ()-,: ! 109B& ()-S109B& ()- | #109B& () -

1098& () - 66 PR TTIABHCY @UWL @0 L09BE A Yrl i 6 $10OBRIA Y nb( O0SABE ELadT 109B&
() $109B& () -" 910988 () - 78: 8p88BBIAELCY@ 107: I10%3&'(21 , 5109B& () - 3f 109B&

()- 1! 109B8POY T psaR () 7e 198R& () AEO®pYaSHdin® f: this detection,

W& () -z Fz#10% u-u Fz#109%& () ; 10% ug& () 10B 10B 10Bf;
110%3&'%) %&t 30 éi/‘%tep%e%’)idi)&% ' Ehe@94i o 4} fference among
%#10%u& ( 0% u& 100/ Iu -28#10% u& z>e?f? h?k??n@ P11
. #10% @#1 ‘% g é‘OP) 81’1% 585055 190y © %lﬁje’iéuﬁ%w

' ' ' - 0, !
o () %@%’%ﬁ%ﬁ% ¢ Fason @0%/%‘11%}"5%3% SERir b2 | TRbE10%1 100
'()'&!f$10%“%' Q:)rfégdé)f/@'a(l)i'ty 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 the session context ID 401 is generated, the differences
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
prbtocol data units, it is possible to omit transmission
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.
FIG.5 shows how the header informationof a specific

protocol layer is used to form the compression (Comp)
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change */

compressed head stream;
/* changes in compressed header of protocol layers */
}

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

20 to an address ID 502 Which can be one of the following
data field types. That is, (i) session context ID 401,
(ii) full address field in the address fieldat the initial

- 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 converted to a Change field 503, and the
change is indicated in the field. When there isno change

based on the previous PDU, anull value is used to indicate
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1096S¢& () pZacket controf)flzelé. The (s)equence control field at the
initial header 501 is converted to a Delta field 504,

5 and the change is based on the difference in values based
on the last transmitted PDU. The operator indicated by
reference numeral 506 is used to concatenate the address
ID 502, Change_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 multilayer
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 wireless media where
atransmissionmediumis sharedand almostnocoordination

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
compressed, 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
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The present invention provides an apparatus and method
that enables the multilayer protocol stack to use header
compression. Thismakesitpossible toreducetheoverall
10 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 andsystemand introduceanewsystem,
which should be avoided, and therefore the possibility
of adding-on a header compression functionwithout having

to re-implementing a protocol is a great merit of the

20 present invention.
This application is based on the Japanese Patent
Application No.2002-234043 filed on August 9, 2002 and
the 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 compression/decompression apparatus and
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eader compression/decompressionmethod according to the

present invention has an effect of improving the overall
throughput of the multilayer protocol stack at network
nodes and isuseful inacommunicationsystemthat supports

5 a multilayer protocol stack.
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5 protocol stack, comprising:

a compression section that compresses multilayer
header information included in said protocol data unit;
and

a generation section that generates integrated

10 information on compression of said multilayer header

information by said compression section.

2. The header compression apparatus according to claim
1, wherein the integrated information generated includes
15 identification information to identify a scheme for

compressing sald multilayer header information.

3. The header compression apparatus according to claim
2, further comprising a detection section that detects
20 a difference of multilayer header information included
in a plurality of protocol data units on said multilayer
protocol stack which belongs to one stream, wherein when
saiddetectionsectiondetectsthatthereisnodifference,
said header compression apparatus performs control such
25 that identification information corresponding to
subsequent protocol data units of said plurality of

protocol data units is not transmitted.
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multilayer protocol stack.

10 5. 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 integrated
information on compression of multilayer header

15 information included in said protocol data unit; and

a decompression section that decompresses said
multilayer header information based on the acquired

integrated information.

20 6. A header compression method for a header compression
apparatus used with a node apparatus that transmits
protocol data units on a multilayer protocol stack,
comprising:

acompressionstepofcompressingmultilayerheader

25 information included in said protocol data unit; and

a generation step of generating integrated
information on compression of said multilayer header

information in said compression step.
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7. A header decompression method for a header
decompression apparatus used with a node apparatus that
receives a protocol data unit on a multilayer protocol
stack, comprising:

an acquisition step of acquiring integrated
information on compression of multilayer header
information included in said protocol data unit; and

a decompression step of decompressing said

multilayer header information based on the acquired

integrated information.



